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CHAPTER THREE

Tying Down the Anchor: 
Monetary Policy Rules 
and the Lower Bound on 

Interest Rates
Thomas M. Mertens and John C. Williams

1. INTRODUCTION

The sizable decline in the natural rate of interest observed in many 
countries over the past quarter century implies that central banks 
are now likely to be constrained by the lower bound on nominal 
interest rates frequently, interfering with their ability to offset 
negative shocks to the economy (e.g., see, Laubach and Williams 
2016 and Holston, Laubach, and Williams 2017). As a result, cen-
tral banks face the challenge of inflation expectations potentially 
becoming anchored at too low a level, which further limits the 
policy space available to react to negative shocks to the economy.

This paper studies the effect of various monetary policy 
 frameworks and associated rules on inflation expectations and 
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macroeconomic outcomes. It uses a standard New Keynesian 
model augmented with a lower bound on interest rates. An essen-
tial part of this setup is the forward-looking nature of economic 
decision making. Inflation is determined via a Phillips curve by 
which inflation increases with the output gap and expectations 
about future inflation. The output gap is linked to the real interest 
rate relative to the natural rate of interest as well as expectations 
of future output gaps. Both measures of economic activity—infla-
tion and the output gap—are subject to uncertainty stemming from 
shocks on the supply and demand side. The supply shock enters the 
Phillips curve while the demand shock hits the investment/savings 
(IS) curve for the output gap. For analytical tractability, we assume 
that these shocks follow a uniform distribution and are indepen-
dent and identically distributed (i.i.d.) over time.1

To close the model, a central bank sets the nominal interest rate. 
It chooses a monetary policy rule consistent with its assumed pol-
icy framework that dictates the path for the interest rate in every 
possible scenario, and evaluates the rule according to its social loss. 
Importantly, the central bank can credibly communicate its interest 
rate rule so that expectations about future economic activity can 
adjust. The social loss function penalizes deviations of the rate of 
inflation from its target as well as positive or negative output gaps. 
A parameter for the conservativeness of the central bank controls 
the relative weight that the central bank assigns to stabilizing output 
versus inflation. The choice of the policy rate is thereby constrained 
by a lower bound on interest rates. We focus our attention on the 
central bank’s policy rule for the interest rate and abstract from 
unconventional monetary policy. As a result, the central bank is 
unable to stimulate the economy beyond cutting the nominal inter-
est rate down to its lower bound. However, the monetary policy 

1. Normally distributed shocks lead to a similar analysis, both qualitative and quantita-
tive (see Mertens and Williams 2018).
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framework can entail future policy responses to current economic 
conditions and therefore influence activity through the expecta-
tions channel, similar to forward guidance.

In the absence of a lower bound on interest rates, the central 
bank would find it desirable to fully offset demand shocks while 
partially, depending on its conservativeness, accommodating sup-
ply shocks. Under an optimal interest rate rule, there is a unique 
equilibrium in which optimal monetary policy features standard 
inflation targeting.2

When the central bank is constrained by a lower bound on inter-
est rates, negative supply and demand shocks cannot be offset to 
the desired degree. As a result, optimal policy under discretion 
will result in occasional encounters with the lower bound that lead 
to below-target inflation and output gaps when the natural rate 
of interest is sufficiently low, as in Mertens and Williams (2019). 
Since the private sector will incorporate these scenarios into their 
forecasts, expectations of inflation and output gaps will be lower 
than they would be in the absence of a lower bound. The reduction 
in expectations, in turn, exacerbates the effects of the lower bound 
on the economy.3

We investigate three classes of monetary policy frameworks and 
their associated policy rules and compare them with our benchmark 
case of optimal policy under discretion. In the benchmark, policy 
can be implemented with an interest rate rule that is linear in the 
supply and demand shocks. Under this policy, occasional encoun-
ters with the lower bound on interest rates lead to suboptimally 

2. There are multiple interest rate rules that can implement optimal policy.
3. A second equilibrium emerges due to the presence of a lower bound. This “liquidity 

trap” is characterized by lower expectations of inflation and output. Since lower expectations 
constrain the economy due to the forward-looking nature of the Phillips and IS curves, the 
probability of a binding lower bound increases. Resulting shortfalls in the output gap and the 
rate of inflation relative to target confirm expectations and an equilibrium emerges. For 
the purposes of this paper, we restrict our analysis to the target equilibrium and pay no atten-
tion to the liquidity trap. For an empirical investigation, see Mertens and Williams (2018).



low inflation expectations when the natural rate of interest is suffi-
ciently low. The shortfall in expectations is due to the central bank’s 
inability to stimulate the economy any further when at the lower 
bound and the lack of commitment to provide stimulus in periods 
following the encounter with the lower bound on interest rates. In 
all three classes of monetary policy frameworks, we give the central 
bank the ability to commit to an interest rate rule. The first category 
is standard inflation-targeting frameworks. Aside from the bench-
mark framework of optimal monetary policy under discretion, we 
study dovish policies and the introduction of an upper bound on 
interest rates in this category. An interest rate rule that limits the 
responsiveness to supply and demand shocks leads to lower social 
losses. The reason for improved outcomes is that a smaller response 
to shocks reduces the chances of hitting the lower bound on inter-
est rates. The resulting benefits do not arise from policy setting in 
the current period but rather an increase in inflation expectations. 
However, the benefits come at the cost of larger inflation and out-
put variability.

The second category consists of average-inflation-targeting poli-
cies. First, we consider changes to the intercept in the interest rate 
rule. Reducing the intercept in the rule is equivalent to targeting 
a higher inflation rate each period. This in turn feeds back into 
periods when the lower bound on interest rates is binding and miti-
gates its effects on the macroeconomy. As a result, higher inflation 
during normal times spills over to all periods and lowers overall 
social losses. Average-inflation-targeting practices thereby fare 
better in terms of social losses than dovish policies. However, the 
central bank can do even better by further raising expected infla-
tion. Additional benefits from inflation expectations above target 
arise due to the asymmetry of the inflation distribution. This distri-
bution is negatively skewed because of the low-inflation scenarios 
associated with the lower bound. We further show that it is suffi-
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cient for the central bank to adjust the intercept of the rule relative 
to optimal monetary policy under discretion.

As an alternative to this rule, we study an interest rate rule 
that makes up for past missed stimulus due to the lower bound. 
Therefore, we allow the central bank to condition its interest rate, in 
addition to the previous components, on the sum of past shortfalls 
in interest rate cuts as in Reifschneider and Williams (2000). This 
dynamic rule leads the rate of inflation to be at target on average. 
However, because of its conditioning on past shortfalls in interest 
rate cuts, inflation expectations vary with the shortfall in stimulus 
and thus fluctuate over time. In particular, since the policy frame-
work calls for more stimulus following episodes of binding lower 
bounds, that is, a “lower-for-longer policy,” inflation expectations 
are already higher during a time when the central bank is con-
strained. As a result, inflation does not drop as far below target 
and the social loss is lower compared with when only the intercept 
gets adjusted.

The third class of policies are price-level targeting policies along 
with their variants. We consider price-level targeting within the 
framework of an interest rate rule that, compared with the rule 
under discretion, can additionally condition on a price level. Price-
level targeting, just like the Reifschneider-Williams rule, leads 
inflation expectations to adjust dynamically with higher inflation 
expectations during economic downturns. We contrast price-level 
targeting with temporary price-level targeting as proposed by Evans 
(2010) and Bernanke (2017). For temporary price-level targeting, 
the price-level target enters the interest rate rule only following an 
encounter with the lower bound. As soon as the shortfall in infla-
tion has been made up and the price level is back at target, the inter-
est rate rule reverts to the static version. This framework has the 
advantage that it aims only to change inflation expectations when 
it is needed and works like standard inflation targeting otherwise.



A key conclusion from our analysis is that all of these policies 
work through affecting expectations. The monetary policy frame-
work is only in effect during times when the central bank can set 
interest rates freely without being constrained by the lower bound. 
However, expectations of future policy already affect economic 
activity during encounters with the lower bound through the 
forward-looking nature of price setting and decision making.

A comparison among the frameworks shows that there is a rank-
ing among the various policy options. Average-inflation-targeting 
practices fare better than dovish policies. And dynamic policies 
can improve on adjustments to the level of interest rates. Price-
level targeting is known to get close to the first-best policy—even 
in the absence of a lower bound on interest rates. Particularly, in 
the presence of supply shocks, this policy framework works best 
among the alternatives. The Reifschneider-Williams rule has the 
advantage of addressing the shortfalls in stimulus through cuts 
in the interest rate directly and works about as well as price-level 
targeting when demand shocks are the driving factor behind eco-
nomic fluctuations.

There are three strands of related literature. For each of those, we 
are able to cite only a few seminal papers due to space constraints. 
First, there is a literature on the model we use in this paper to per-
form the policy experiments. The basic framework is laid out in 
Clarida, Galí, and Gertler (1999) and Woodford (2003). Benhabib, 
Schmitt-Grohé, and Uribe (2001) demonstrate how the introduc-
tion of a lower bound can lead to two equilibria in a determinis-
tic framework. Mendes (2011), Nakata and Schmidt (2016), and 
Mertens and Williams (2018) extend this analysis to stochastic 
environments.

Second, there is a literature on proposals for various policy frame-
works. Bernanke and Mishkin (1997) discuss inflation-targeting 
practices by central banks. Svensson (1999) compares inflation tar-
geting with price-level-targeting practices. Giannoni (2014) points 
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out that price-level targeting can be robustly optimal and shows 
that price-level-targeting rules support determinacy of equilibria. 
Nominal GDP targeting, another proposal that we do not analyze 
here, is discussed in Taylor (1985) and Koenig (2013). Although 
these policy proposals were discussed mainly without regard to the 
lower bound on interest rates, several proposals specifically have 
been designed to deal with issues arising from a binding constraint 
on the central bank’s actions.

A third strand of the literature compares the various policy options. 
This paper extends the work in Mertens and Williams (2019) to 
additional policy options and contains an analysis of a framework 
with demand shocks. An overview over various policy options can 
also be found in Svensson (2019). Harrison, Seneca, and Waldron 
(2019) study policy options when interest rates are low. Vestin 
(2006) shows that price-level targeting outperforms inflation tar-
geting in a New Keynesian model without a lower bound on interest 
rates. Eggertsson and Woodford (2003) compute optimal monetary 
policy in the presence of a lower bound on interest rates. While 
our paper mainly focuses on the mechanism, Bernanke, Kiley, and 
Roberts (2019) compare the policy options within an estimated 
model for the US economy.

2. MACROECONOMIC MODEL

We use a standard New Keynesian model as, for example, described 
in Clarida, Galií, and Gertler (1999) and Woodford (2003) and 
modify it by incorporating a lower bound. Our focus is primar-
ily on longer-term outcomes, and we thus abstract from some of 
the transition dynamics that would take place in richer models. 
Our simple model allows us to derive the mechanisms by which 
various policy frameworks and their associated interest rate rules 
affect the economy, and to evaluate them according to a social loss 
function.



The model describes the evolution of three endogenous vari-
ables: the rate of inflation πt, the output gap xt, and the short-term 
nominal interest rate it that is chosen by the central bank. Our 
starting point is the log-linearized version of the standard New 
Keynesian model that we simplify by assuming that shocks are i.i.d. 
This simplification allows us to derive analytical results and focus 
on the longer-term implications without having to track transition 
dynamics.

Inflation is governed by the forward-looking Phillips curve

 π t =µt +κ xt +βEtπ t+1 , µt∼ iidU[−µ̂, µ̂],  (1)

where Et is the expectations operator conditional on time t infor-
mation, µt a supply shock, β ∈ (0, 1) the agents’ discount factor, and 
κ > 0. An IS curve, obtained by log-linearizing an Euler equation, 
determines the output gap

 xt =∈t −α(it −Etπ t+1− r*)+Etxt+1 , ∈t∼ iidU[− ∈̂,∈̂], (2)

where α > 0, r∗ is the long-run neutral real rate of interest, and ∈t 
is a demand shock. Agents fully understand the model, including 
the distribution of the shock processes, and have full knowledge of 
all realized shocks up to the current period. For better exposition, 
we study the models with supply and demand shocks separately. To 
this end, we set the size of the support for the shocks that we want 
to disregard to zero.

The central bank chooses the short-term nominal interest rate it 
and has the ability to commit to a framework described by a policy 
rule. The choice of policy, however, is constrained by a lower bound 
on nominal interest rates, iLB < r∗. It evaluates its policy framework 
according to a social loss function that favors inflation rates close 
to a target, normalized to zero, and output close to its potential:4

4. It is straightforward to generalize to a nonzero inflation target by interpreting πt as 
the gap between inflation and its target.
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L=(1− β )E0
t=0

∞

∑β t (π t
2+ λxt2 )

⎡

⎣
⎢

⎤

⎦
⎥

=(1− β )
t=0

∞

∑β t (E0[π t ]2+Var0[π t ]+ λ(E0[xt ]2+Var0[xt ])).  (3)

The second part of the equation shows that the loss function is 
determined by the first two moments of inflation and the output 
gap. It is increasing in the variances and the average deviations of 
inflation or output from their desired levels.

The parameter λ ≥ 0 specifies the central banker’s preferences. 
For λ = 0, the central bank solely cares about stabilizing inflation, 
while larger values of λ introduce a preference for stabilizing the 
real side of the economy.

3. INFLATION-TARGETING FRAMEWORKS

In this section, we study various static monetary policy frame-
works. We first solve for optimal monetary policy under discre-
tion, which serves as a benchmark policy rule. From there, we start 
by exploring the benefits of an upper bound on interest rates and 
dovish policies.

3.1. Benchmark: Optimal Monetary Policy under Discretion

In the absence of a lower bound on nominal interest rates, the 
central bank can achieve optimal monetary policy under discre-
tion by setting its interest rate depending on the current state of 
the economy, which can be fully described by the realization of 
the supply and demand shock as well as expectations about future 
inflation

 it
opt =θ0+θEEtπ t+1+θ∈∈t +θµ µt  (4)



where the intercept of the policy rule is θ0 = r∗, the coefficient on 

expectations is θE=1+
1
ακ

− λβ
ακ (κ 2+ λ)

, and the responses to sup-

ply and demand shocks are θ∈=
1
α

 and θµ =
κ

α(κ 2+ λ)
,  respectively.

The interest rate rule in equation (4) can be implemented with 
a Taylor rule (see Taylor 1993) of the form

 it
opt =φ0+φEEtπ t+1+φππ t +φxxt .  (5)

Setting the coefficients to φ0 =r∗,φE=
κ (−αθ∈ −βθµ +θE )+(1−β )θ∈

κ (1−αθ∈ )
,φπ =

θµ

1−αθ∈
, and φx =

θ∈ −κθµ

1−αθ∈
 

φ0 =r∗,φE=
κ (−αθ∈ −βθµ +θE )+(1−β )θ∈

κ (1−αθ∈ )
,φπ =

θµ

1−αθ∈
, and φx =

θ∈ −κθµ

1−αθ∈
 implements the interest rate rule in 

equation (4).5

Under this policy, the inflation process is given by

 
π t =ακ (r∗ −θ0 )+ (1−ακθµ )µt +κ (1−αθ∈)∈t

+ (1+ακ −ακθE )Et[π t+1].
 (6)

The central bank thus finds it optimal to partially accommodate 
supply shocks unless its objective is purely to stabilize inflation, 
that is, λ = 0. Taking expectations at time t − 1 on both sides of 
the equation (6) shows that there is a unique steady-state level of 
expectations Et−1π t =Eπ =0.

When incorporating a lower bound on interest rates, the policy 
rule that can implement optimal monetary policy under discretion 
is given by the optimal policy under discretion described above 
with the addition of the lower bound constraint

 it =max{θ0+θEEtπ t+1+θ∈∈t +θµµt , iLB}  (7)

5. To implement the interest rate rule with demand shocks, the coefficients on the output 
gap and inflation have to be infinite. This result can be seen by plugging the optimal coef-
ficients for the interest rate rule in equation (4) into the coefficients for equation (5).
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with the same values for the coefficients as in the unconstrained 
case of equation (4). Equation (7) can again be written in Taylor 
rule from it =max{φ0+φEEtπ t+1+φππ t +φxxt , iLB}. While all the 
rules for the different policies discussed below can be expressed 
in either form, we present them in terms of the underlying shocks. 
Under discretion, the lower bound on interest rate affects the inter-
est rate rule only via inflation expectations when unconstrained 
and truncates the interest rate distribution on the downside.6 
As a result, the inflation process follows the same process as in 
equation (6) whenever the central bank is unconstrained in its 
policy action. At the constraint, however, the central bank sets an 
interest rate of iLB, leading to an overall inflation process of

π t =
ακ (r∗ − iLB )+ µt +κ∈t + (1+ακ )Et[π t+1] constrained

ακ (r∗ −θ0 )+ (1−ακθµ )µt +κ (1−αθ∈)∈t

+ (1+ακ −ακθE )Et[π t+1] otherwise.

⎧

⎨
⎪⎪

⎩
⎪
⎪ (8)

The central bank is thereby constrained whenever θµ µt +θ∈∈t ≤ iLB − r∗ −ψEtπ t+1

θµ µt +θ∈∈t ≤ iLB − r∗ −ψEtπ t+1 where ψ ≡ 1+ 1
ακ

−θE
⎛
⎝⎜

⎞
⎠⎟ .  With a sufficiently 

large support for the supply and demand shocks, the central bank 
finds itself either constrained in response to negative shocks or 
unconstrained after positive shocks. The lower bound will thus be 
binding occasionally. As a result, expected inflation can be com-
puted from the process of inflation in (8), where we need to take the 
switching between equations into account depending on whether 
the lower bound is binding or not

Eπ =Prob it
opt < iLB( )E π t

c |it
opt < iLB⎡⎣ ⎤⎦ + Prob it

opt ≥ iLB( )E π t
u |it

opt ≥ iLB⎡⎣ ⎤⎦.

       
Eπ =Prob it

opt < iLB( )E π t
c |it

opt < iLB⎡⎣ ⎤⎦ + Prob it
opt ≥ iLB( )E π t

u |it
opt ≥ iLB⎡⎣ ⎤⎦.  (9)

6. The optimality of this interest rate rule is derived in detail in Mertens and Williams 
(2018).



To illustrate the effects on the probability of a binding lower 
bound and inflation expectations, we turn to the model that fea-
tures only supply shocks. There is a cutoff value for the supply shock 
µ = 1

θµ
(iLB−θ0−θEEπ t+1) such that interest rates are constrained 

by the lower bound whenever µt<µ. Consequently, the constraint 
can be either always, never, or occasionally binding

Prob(it
opt < iLB ) =

1 if −µ ≤ − µ̂
1
2µ̂

(µ̂ + µ) if − µ̂<−µ < µ̂

0 if −µ ≥ µ̂.

⎧

⎨

⎪
⎪

⎩

⎪
⎪

As a result, inflation expectations are determined by

Eπ t =

−ακ (iLB − r∗)+ (1+ακ )Eπ t+1 if −µ ≤ −µ̂

−ακ
4µ̂

θµ(µ + µ̂)2 + (1+ακ (1−θE ))

Eπ t+1 −ακ (θ0 − r∗)
if −µ̂<−µ < µ̂

−ακ (θ0 − r∗)+ (1+ακ )Eπ t+1 if −µ ≥ µ̂.

⎧

⎨

⎪
⎪
⎪

⎩

⎪
⎪
⎪

This expression shows that expected inflation in the current period 
is a piecewise quadratic function of expected inflation in the fol-
lowing period, as can be seen in figure 3.1. As a result, we can solve 
this equation for a steady state.

The lower bound on interest rates gives rise to a multiplicity 
of equilibria, as is known from Benhabib, Schmitt-Grohé, and 
Uribe (2001) for a deterministic economy and Mendes (2011), 
Nakata and Schmidt (2016), and Mertens and Williams (2018) for 
a stochastic economy. In particular, two levels of expected infla-
tion are consistent with a steady state. Relatively benign expecta-
tions about inflation in the following period provide stimulus to 
the economy such that the central bank finds itself unconstrained 
most of the time. The resulting inflation stabilization confirms 
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the benign expectations we started out with. We refer to this sce-
nario as the “target equilibrium.” However, if, on the other hand, 
expected future inflation is low, the central bank needs to provide 
more stimulus and reaches the lower bound on interest rates more 
frequently. Constrained policy results in below-target inflation and 
thus confirms expectations. The economy is in a “liquidity trap.” 
Throughout the paper, we assume that the economy is in the target 
equilibrium.7

As can be seen from figure 3.1, expected inflation runs below 
the target inflation rate. This shortfall in average inflation is due to 
inflation expectations taking into account scenarios both with and 
without binding lower bounds, as shown by equation (9). Although 
interest policy can offset supply and demand shocks to an optimal 
degree when unconstrained, a binding lower bound leads to below-
target inflation. Taking all scenarios into consideration, average 

7. For an empirical investigation lending support to the US economy being in the target 
equilibrium, see Mertens and Williams (2018).

F I G U R E  3 .1 .   Expected inflation in the current period as a function of expected 
inflation in the following period. Parameter values are set to α = 1.25, κ = 0.8, 
β = 0.99, r∗ = 1, λ = 0.25, and iLB = 0.5. The support for supply shocks is µ = 3.3 
and there are no demand shocks, that is, ∈̂=0. Intersections with the dashed 
45-degree line represent steady states. The coefficients in the policy rule are 
those of optimal monetary policy under discretion



inflation and thus inflation expectations are below target. Owing to 
the inability of the central bank to commit to future policy actions 
under this framework, average inflation runs at a level that is too 
low relative to the optimum. In the next sections, we show various 
policy frameworks that can bring about improvements relative to 
optimal monetary policy under discretion when the central bank 
can commit to an interest rate rule.

3.2. Static: An Upper Bound on Interest Rates

Since the root of undesirably low inflation expectations lies in the 
lower bound on interest rates, an upper bound on interest rates 
might help in anchoring inflation expectations at target. We there-
fore consider a modification to the interest rate policy under dis-
cretion in equation (7) that imposes an upper bound iUB

 it =min{max{θ0+θEEtπ t+1+θ∈∈t +θµµt , iLB}, iUB}.  (10)

To compute inflation expectations, we now have to distinguish 
between six, instead of three, cases. Both the upper bound and the 
lower bound can be either always binding (“constrained”), never 
binding (“un-constrained”), or occasionally binding. We refer to 
these scenarios as Cu

UB for the upper bound to be never binding, 
Cc

UB for it to be always binding, and Co
UB for an occasionally bind-

ing upper bound. The lower bound constraints are labeled analo-
gously (see appendix A for the definitions of when the constraints 
are binding). The derivation of inflation expectations for the case 
where both a lower bound and an upper bound are present and 
only supply shocks hit the economy works analogously to the case 
of optimal monetary policy under discretion. Owing to the addi-
tional constraint, however, the list of distinct cases increases. With 
various conditions CLB and CUB on the lower and upper bounds, 
respectively, we distinguish the cases:
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E[π t ]=

(1+ακ )E[π t+1]−ακ(iLB − r∗ ) if Cc
LB

ακ
4θµµ̂

(iUB + iLB − 2θ0 − 2θEE[π t+1])

((iUB − iLB )− 2θµµ̂)+(1+ακ(1−θE ))
E[π t+1]+ακ(r∗− θ0 )

if Co
LB and Co

UB

−
ακθµ
4µ̂

µ̂+
1
θµ

(iLB−θ0−θEE[π t+1])
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

2

+

+(1+ακ(1−θE ))E[π t+1]+ακ(r∗−θ0 )

if Cc
UB and Cu

UB

(1+ακ )E[π t+1]−ακ(iUB − r∗)
if Cc

UB

ακθµ
4µ̂

µ̂ −
1
θµ

(iUB −θ0 −θEE[π t+1])
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

2

+

+(1+ακ(1−θE ))E[π t+1]+ακ(r∗−θ0 )

if Cu
LB and Co

UB

(1+ακ(1−θE ))E[π t+1]+ακ(r∗−θ0 ) if Cu
LB and Cu

UB

⎧

⎨

⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪⎪

⎩

⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪

As a result of the various conditions, a third equilibrium besides 
the target equilibrium and the liquidity trap emerges. This equilib-
rium is associated with the upper bound on nominal interest rates. 
That is, in the deterministic version of the model, the economy 
would face a binding upper bound on interest rates. But as in the 
case with only a lower bound, we restrict our analysis to the target 
equilibrium.

In the target equilibrium, the average rate of inflation varies with 
the level at which the upper bound on interest rates is set.

Lemma 1 (Inflation Expectations with Upper Bound)
If the upper bound on interest rates is set symmetrically to the lower 
bound around the neutral rate of interest r∗ and the intercept of the 
policy rate is equal to r∗, then inflation expectations are at target.



Proof: Owing to the symmetry, it is easy to see that either both 
constraints are binding occasionally or none of the constraints are 

binding. Plugging θ0 = r∗ and r∗= 1
2
(iLB+ iUB)  into the above con-

dition for inflation expectations delivers

E[π ]= ακ
4θµµ̂

(−2θEE[π ])((iUB−iLB )−2θµµ̂)+ (1+ακ (1−θE ))E[π ].

As a result, the equation is linear in inflation expectations, and 
inflation expectations of zero are the unique equilibrium. If none of 
the constraints is binding, inflation expectations are determined by

E[π ]=(1+ακ (1−θE ))E[π ]

and, again, inflation expectations are at target. Appendix A shows 
the graph analogous to figure 3.1 for inflation expectations with an 
upper bound.

Weighing against the benefit of higher inflation expectations, the 
introduction of an upper bound on interest rates has the drawback of 
limiting the variance of interest rate policy. With an upper bound, the 
central bank finds itself constrained in stabilizing the effects of large 
positive supply and demand shocks. As a result, economic activity 
is more exposed to shocks and becomes more volatile. On net, the 
social loss is reduced relative to the case with discretion if the upper 
bound is set appropriately, as we discuss in more detail below.

3.3. Static: Dovish Policies

Optimal interest rate policy under discretion reacts to both supply 
and demand shocks. Because of occasional encounters with the 
lower bound, inflation expectations are below target. If the cen-
tral bank responds less to shocks, it can reduce the probability of 
a binding lower bound. Specifically, the central bank lowers the 
response coefficients θµ and θ∈ while leaving all other parameters 
of the policy rule unchanged.
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Smaller responses to shocks in the following period will result in, 
all else being equal, higher inflation expectations due to a smaller 
probability of reaching the lower bound. This benefit comes at the 
cost of suboptimally responding to shocks in the current period. 
Since the central bank aims to affect inflation expectations while 
reacting suboptimally in the current period, commitment is neces-
sary to implement this policy rule. We investigate the effects of dov-
ish policies on the social loss together with other static policies below.

4. AVERAGE-INFLATION TARGETING

This section consists of two parts. The first average-inflation-targeting 
framework is static in that it retains the feature that inflation expecta-
tions are constant over time. Then we discuss dynamic Reifschneider-
Williams rules in which the central bank conditions on past misses in 
setting its interest rate relative to the benchmark rule.

4.1. Static Average-Inflation Targeting

For static average-inflation targeting, the central bank leaves the 
general form of its interest rate rule in (7) intact but adjusts the 
level θ0, as, for example, discussed in Reifschneider and Williams 
(2000). By changing the level of interest rates, the central bank can 
bring average inflation to its target rate. In particular, if the central 
bank lowers the intercept of the policy rate to

 θ0
∗= r∗ − r∗ − iLB − θµµ̂( )2< r∗,  (11)

inflation expectations are zero.8 All other coefficients in the interest 
rate rule remain unchanged relative to optimal policy under discretion.

8. The intercept θ0
∗ in equation (11) leads to zero average inflation whenever  

0<θµ<
(r∗ − iLB)(κ 2(1+ακ )+ λ(1− β +ακ ))2

α 2κ 2(κ 2+ λ)2µ
.



As a result of this intervention, the central bank permanently 
provides more stimulus whenever it is unconstrained. It thus runs 
inflation above target whenever the lower bound permits, such that 
inflation is at target on balance. While inflation expectations rise 
in the target equilibrium due to the change in policy, they fall into 
the liquidity trap. Appendix B contains details.

Proposition 1 (Optimal Interest Rate Rule)
The optimal interest rate rule lowers the intercept θ0 relative to the 
case under discretion such that average inflation is above target and 
leaves the responses to supply and demand shocks unchanged.

This proposition contains two important characterizations of 
the optimal rule. First, the central bank would want to lower the 
intercept of its policy rule whenever unconstrained to provide extra 
stimulus relative to optimal policy under discretion. Interestingly, 
the central bank finds it optimal to lower the intercept to a point 
where the average inflation rate is above target in order to com-
pensate for the asymmetry of the inflation and output gap distribu-
tions, which have a larger tail toward the downside. Second, when 
the intercept of the rule is set optimally, the optimal response to 
shocks is the same as under discretionary policy. That is, there is 
no benefit from following a dovish policy response. As discussed 
earlier, dovish policies bring about welfare gains by raising inflation 
expectations. They achieve this outcome by lowering the probabil-
ity of hitting the lower bound at the cost of insufficiently offset-
ting shocks today. If inflation expectations are already optimally 
set through the level of the interest rate rule, there is no need to 
incur the cost of allowing a greater pass-through of shocks in the 
current period.

These two predictions show that average-inflation targeting 
dominates dovish policies and brings about welfare gains. Since 
there is no need to engage in dovish policies for the optimally 
set level of the interest rate rule, we know that average-inflation 
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targeting fares at least as well as dovish policies. In our further 
analysis, we focus on the case where the central bank aims for 
the average rate of inflation to be at target while keeping all other 
coefficients in the interest rate rule unchanged relative to the case 
under discretion.

4.2. Dynamic: Reifschneider-Williams

Reifschneider and Williams (2000) introduce the idea that the cen-
tral bank keeps track of past misses in its desired interest rate rela-
tive to a benchmark rule due to the lower bound. A state variable 
zt aggregates past deviations of the interest rate from a reference 
interest rate that, in the original form, was specified to be a Taylor 
rule (see Taylor 1993).

To implement this idea in the context of our setup, we specify 
the reference interest rate rule to take the same form as optimal 
monetary policy under discretion in equation (7).

The sum of past misses zt follows the law of motion

 zt = ρzt−1+ it−1ref − it−1 ,  (12)

where it is the actual policy rate and itref  is the reference rate. We 
augment the interest rate rule in equation (7) such that it can condi-
tion on past policy discrepancies

 it =max θ0+θEEt[π t+1]+θµµt +θ∈∈t +θzzt , iLB{ }.  (13)

The reference rate is defined as the rule with the same coeffi-
cients but absent the lower bound on interest rates and the condi-
tioning on past misses. We leave all coefficients of the interest rate 
rule unchanged relative to optimal policy under discretion.

Two special cases are of interest. First, if the coefficient θz is 
zero, the rule coincides with that of equation (7) and optimal policy 
under discretion emerges. Second, if θz = ρ = 1, which is our main 



specification of the model, past misses are made up within one 
period whenever possible.9 A persistence of ρ = 1 implies that all 
interest rate misses will have to be fully made up for. And we can 
interpret the coefficient θz as the fraction of past misses that are 
made up for each time the central bank is not constrained by the 
lower bound.

The interest rate rule in equation (13) operates by keeping rates 
“lower for longer” following periods of binding lower bounds. To 
see this, note that the only deviation of the interest rate rule from 
the benchmark rate can arise from a previous encounter with the 
lower bound. The accumulated shortfall zt lowers the nominal 
interest rate and supports, on average, above-target inflation.

With this interest rate rule in place, inflation expectations adjust 
dynamically. Since inflation will, on average, be higher following 
periods when the lower bound is binding, inflation expectations 
are higher during encounters with the lower bound. That is, the 
dynamic adjustment of the interest rate rule helps provide stimulus 
through higher inflation expectations precisely at a time when the 
central bank cannot provide any further stimulus through concur-
rent interest rate policy.

Lemma 2 (Average Rate of Inflation under Reifschneider-Williams)
When θz = ρ = 1, the Reifschneider-Williams policy rule leads to an 
average rate of inflation equal to the target rate.

Appendix C contains a proof. The reason for the result in Lemma 2 
is that missed interest rate cuts, and thus shortfalls in inflation, due 
to the lower bound are made up one-for-one in the future. The inter-
est rate is thus, by design, set at the same average level as it would 
be under optimal monetary policy under discretion in the absence 
of a lower bound, a case where inflation expectations are at target.

9. In a numerical analysis, θz = 1 turns out to be close to optimal.
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Note that under the Reifschneider-Williams rules, past misses 
in inflation do not have to be made up for unless they arose from 
the inability to cut the policy rate. A negative supply shock will par-
tially pass through to inflation but does not alter the future stance 
of monetary policy unless it causes the policy rate to be cut to the 
lower bound.

5. PRICE-LEVEL TARGETING FRAMEWORKS

In this section, we evaluate policies that aim to stabilize a price 
level. The main difference between the price-level targeting 
frameworks and the average-inflation-targeting policies of the 
previous section lies in the fact that price-level targeting makes 
up for past below-target inflation. Hence it does not treat bygones 
as bygones. We consider two alternatives. First, standard price-
level targeting has been discussed as a policy framework within 
a New Keynesian model. It has been found to provide, under 
certain conditions, first-best macroeconomic outcomes (e.g., see 
Vestin 2006). Second, we consider temporary price-level target-
ing that specifically addresses the issue of a binding lower bound 
on interest rates (for the proposals, see Evans 2010 and Bernanke 
2017).

5.1. Dynamic: Price-Level Targeting

Price-level targeting aims to achieve a stable path for a price. 
Whenever the price level falls below its target level, the central 
bank would keep rates lower than it otherwise would in order to 
bring about higher inflation temporarily until the shortfall is cor-
rected. For a price level above target, the central bank would engage 
in contractionary monetary policy until the price level is back at 
target.



To formalize the policy framework, we introduce a price level 
whose logarithm pt evolves according to pt = pt−1 + πt.10 We aug-
ment the interest rate rule in equation (7) with the log of the 
price level

 it =max{θ0+θEEtπ t+1+θ∈∈t +θµµt +θ p pt , iLB}.  (14)

We implement this policy rule by keeping all the coefficients at the 
same level as in optimal monetary policy under discretion in equa-
tion (7) and varying the level of θp.

As a result of this adjustment to the policy rule, inflation expec-
tations become a function of the price level. Appendix D contains 
details on the algorithm and computation of the expectations func-
tion. It shows that inflation expectations are an increasing function 
of the log price level if θp is positive.

The mechanism by which inflation expectations vary with the 
price level can best be seen when considering a situation where the 
price is initially at its target level. Suppose that there is a shortfall in 
inflation relative to target due to, say, a very negative supply shock 
that pushes the nominal interest rate to the lower bound in the 
current period. As a result, the price level will fall below its target 
level and, because of its influence on the policy rate, will induce 
nominal interest rates to remain low in the following period. The 
anticipation of low rates in the following periods, and the accompa-
nying higher inflation rates, will result in higher inflation expecta-
tions already in the current period. Through the forward-looking 
Phillips curve, higher inflation expectations have an accommodat-
ing effect on the economy in the current period. As a result, higher 
inflation expectations mitigate the deleterious effects of negative 
supply shocks and encounters with the lower bound.

10. In practice, the central bank would keep track of the difference between the log price 
level and a reference level, for example, a price level that grows at the target inflation rate. In 
our setup, the reference price level is normalized to 1 such that its logarithm and associated 
inflation vanish from the equations.
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Price-level targeting operates even when the lower bound on 
interest rates is not binding. When the price level is at target and a 
positive supply shock hits the economy, the central bank optimally 
allows the supply shock to partially pass through to inflation. As 
a result, however, the price level rises faster than its target value, 
prompting future contractionary policy. The policy does not treat 
bygones as bygones and makes up for all past misses of inflation 
from their target value. Through this mechanism, price-level tar-
geting has been shown to mitigate the effects of supply shocks even 
in the absence of a lower bound on interest rates.

The nature of shocks is critical since optimal monetary policy 
under discretion already offsets demand shocks fully if the central 
bank is constrained in its policy setting. Supply shocks, however, 
affect the rate of inflation under optimal policy if the central banker 
puts weights on both inflation and real activity in its loss function, 
that is, λ > 0.

5.2. Temporary Price-Level Targeting

As discussed earlier, price-level targeting changes interest rate 
setting by the central bank even in the absence of a lower bound 
on interest rates. Therefore, changing to price-level target-
ing is a substantial shift in policy relative to standard inflation 
targeting.

State-dependent price-level targeting can specifically address 
the effects of the lower bound on interest rates. Under this policy, 
the central bank follows standard inflation-targeting practices 
during normal times. An encounter with the lower bound would 
trigger an episode of temporary price-level targeting. The central 
bank would keep rates at the lower bound until the price level is 
back at target.

We implement this idea in a slightly generalized form. Policy is 
conducted according to the following interest rate rule:



it =
max{θ0+θµ µt +θ∈∈t +θEE(π t+1 | p̂t =0), iLB} if pt−1=0

max{θ0+θµ µt +θ∈∈t +θEE(π t+1| p̂t )+θ p p̂t , iLB} if p̂t−1<0.

⎧
⎨
⎪

⎩⎪
 

(15)
We again use the same coefficients that we obtained for optimal 

monetary policy under discretion. We can adjust how much the 
interest rate responds to the deviations of the log price level from 
its targeting by varying the coefficient θp.

If the value of the supply shock is below µc=
iLB−θ0−θEE[π t+1| p̂t ]−θ p p̂t

θµ
 

µc=
iLB−θ0−θEE[π t+1| p̂t ]−θ p p̂t

θµ

, the lower bound on interest rates 

binds. The (temporary) price level evolves according to:

 p̂t =
0 if it> iLB and p̂t−1=0

min{ p̂t−1+π t ,0} if it = iLB or p̂t−1<0.

⎧
⎨
⎪

⎩⎪
 (16)

This rule states that a temporary price-level-targeting episode 
will be triggered by the policy rate hitting the lower bound on 
interest rates. During that episode, the interest rate rule condi-
tions on a price-level target. The episode ends as soon as the 
price level is back at its target value. Similar to price-level target-
ing, inflation expectations become a function of the price level 
during temporary price-level-targeting episodes. Appendix E 
describes the numerical algorithm to compute the expectation 
functions.

The specification in equation (15) generalizes the original pro-
posals in the following way. If the responsiveness of interest rates 
to the price level, θp, is infinite, interest rates will be at the lower 
bound whenever a temporary price-level episode has been trig-
gered. If θp = 0, the policy is exactly the one described in standard 
inflation targeting.

The mechanism is similar to price-level targeting in that encoun-
ters with the lower bound are followed by periods of lower inter-
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est rates to make up for the shortfall in the price level. Contrary 
to price-level targeting, however, its temporary counterpart reacts 
only to shortfalls in inflation due to the lower bound and does not 
correct for periods of high inflation.

As a result, the unconditional distributions of inflation and 
the output gap are asymmetric. Following an encounter with the 
lower bound on interest rates, temporary price-level targeting 
makes up for any change in inflation until the price level is back 
at its target value. The same inflation rate would not trigger a 
policy response outside of the price-level targeting regime. Owing 
to this asymmetry, the average rate of inflation can differ from 
the target rate.

6. COMPARISON OF MONETARY POLICY 
FRAMEWORKS

This section compares the various monetary policy frameworks 
and explains how they affect inflation expectations and macroeco-
nomic outcomes. We start by discussing the baseline calibration of 
the model that underlies the graphs we show. We split the discus-
sions of static and dynamic frameworks since they have different 
effects on inflation expectations.

6.1. Parameterization

The goal of the calibration is to illustrate the key mechanisms with 
a set of paths for inflation and output gaps and compute social 
losses for the monetary policy frameworks. The main emphasis 
is on qualitative results, and the model simulations are thus best 
thought of as an illustration of the model behavior.

We choose a baseline annual calibration with a parameterization 
of β = 0.99 for the time preference factor, α = 1.25 for the coefficient 
on interest rates in the IS curve, and κ = 0.8 for the slope of the 



Phillips curve.11 The natural rate of interest is set to r∗ = 1 such that 
all results are to be interpreted as percentage points. We choose a 
lower bound on interest rates of iLB =−0.5. In the baseline specifi-
cation, the central bank puts a weight of λ = 0.25 on stabilizing the 
output gap. We choose µ̂ =3.3 for the model with supply shocks 
and ∈̂=3 for the model with demand shocks. The volatility of sup-
ply shocks implies roughly a 25 percent chance of reaching the 
lower bound on interest rates when policy is conducted optimally 
under discretion.

Finally, for the Reifschneider-Williams rule, we choose a persis-
tence of ρz = 1 such that all misses of the interest rate rule have to be 
made up for. The corresponding interest rate rule has a coefficient 
of θz = 1 such that the central bank makes up for past misses within 
one period if the lower bound on interest rates permits.

6.2. Comparison of Static Frameworks

We compare all of the three static frameworks—the upper bound 
on interest rates, dovish policies, and static average-inflation tar-
geting—to optimal monetary policy under discretion. Therefore, 
we choose a setting where only supply shocks hit the economy. 
Figure 3.2 shows inflation expectations and social losses for the 
three policy frameworks.

The dashed black vertical line in figure 3.2 shows the benchmark 
case of optimal policy under discretion, a special case for all of the 
three frameworks. Moving to the left varies the parameters for 
the different frameworks. For example, following the purple line 
in the upper panel to the left shows how inflation expectations rise 
when the central bank lowers the intercept of the policy rule. The 
changes in parameters for the three frameworks are normalized 

11. A different calibration might help in understanding the quantitative aspects of the 
model, but that is not the focus of this paper. In particular, a flatter Phillips curve might lead 
to smaller effects on inflation.
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such that the minimal social loss occurs at the dashed red vertical 
line.

Figure 3.2 shows that static average-inflation targeting (SAIT) 
dominates both an optimally set upper bound on interest rates and 
an optimal dovish policy. The social loss is lower than for the other 
frameworks supported by inflation expectations running above 
target—even on average and not just whenever unconstrained. The 
reason is the asymmetry of the inflation distribution that prevails 
under average-inflation targeting. Note that inflation expectations 

F I G U R E  3 .2 .   Inflation expectations (upper panel) and social losses (lower panel) 
under an upper bound on interest rates (light blue line), dovish policies (green 
line), and different intercepts for the policy rule (purple line) for changes in the 
corresponding parameter. The graphs are computed under the baseline specifi-
cation with supply shocks only.
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are positive at the optimal intercept for the policy rule, denoted by 
the vertical red dashed line.

To see the mechanics of the static average-infl ation framework, 
fi gure 3.3 plots impulse response functions under this policy and 
compares it with optimal monetary policy under discretion in both 
the absence and the presence of a lower bound on interest rates. 
For all of these paths, a large negative supply shock of µ0 =−µ̂  hits 
the economy at time zero, whereas the economy follows its average 
behavior at all other times. We therefore simulate the economy, 

F I G U R E  3 .3 .   Impulse response functions under diff erent policies in response to 
a negative supply shock µ0 =− µ̂ at time zero for the output gap (upper panel), 
the rate of infl ation (middle panel), and the real interest rate (lower panel). We 
used the benchmark calibration with λ = 0.25.
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impose the negative shock at time zero for each simulation, and 
average across all paths.

There are two differences in the economy’s response to a nega-
tive supply shock under the different frameworks. First, the imme-
diate impact varies under different policies. When there is no lower 
bound that can constrain the central bank, the central bank can 
offset the shock optimally by lowering the real interest rate. As a 
result, the output gap becomes positive while inflation is below tar-
get. Because of the i.i.d. nature of the shocks, the effects are purely 
temporary. Second, average inflation differs across the policies. 
While average-inflation targeting and optimal policy in the absence 
of a lower bound both keep inflation at target on average, optimal 
policy in the presence of a lower bound runs inflation expectations 
below target as discussed above. As a result of this lower level of 
inflation expectations, the impact on inflation is more severe.

Figure 3.4 shows that the ranking among the policy options is 
the same when there are only demand shocks. Again, all of the 
policy rules lead to reductions in social losses. Average-inflation 
targeting thereby dominates an upper bound on interest rates and 
dovish policies.

To see the mechanics of the policy frameworks with demand 
shocks, figure 3.5 shows these impulse response functions for a 
negative demand shock at time 0. Optimal policy under discretion 
in the absence of a lower bound calls for complete stabilization of 
the demand shock. It neutralizes the impact of the shock on infla-
tion and the output gap by sharply reducing the real interest rate.

Whenever the central bank is constrained by the lower bound 
on interest rates, it cannot reduce real interest rates sufficiently to 
offset the shock. As a result, inflation falls below target on impact 
and the output gap is negative. However, owing to higher inflation 
expectations under static average-inflation targeting, the contrac-
tion in inflation and real activity is less pronounced compared with 
optimal policy under discretion.



6.3. The Mechanics of the Dynamic Policy Frameworks

To illustrate and compare the different frameworks, we show the 
average paths for inflation, the price level, the output gap, and the 
real interest rate within the context of a model that features only 
supply shocks. Therefore, we simulate the model under the bench-
mark calibration and show average paths following a given shock 
realization. In this experiment, we show the mean of the uncon-
ditional distribution in period −1 and pick a shock realization in 
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F I G U R E  3 .4 .   Inflation expectations (upper panel) and social losses (lower panel) 
under an upper bound on interest rates (light blue line), dovish policies (green 
line), and different intercepts for the policy rule (purple line) for changes in the 
corresponding parameter. The graphs are computed under the baseline specifi-
cation with demand shocks only.
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period 0. In all future periods, we average the responses across all 
simulated economies.

First, we show the response to a positive supply shock where 
µ0 = µ̂. Since supply shocks are only partially off set by the central 
bank, they spill over to infl ation and thus aff ect the price level. As 
shown in fi gure 3.6, there are a number of diff erences among the 
various policies.

F I G U R E  3 .5 .   Impulse response functions under diff erent policies in response to 
a negative demand shock ∈0 =−∈̂ at time zero for the output gap (upper panel), 
the rate of infl ation (middle panel), and the real interest rate (lower panel). We 
used the benchmark calibration without supply shocks to parameterize the 
model.



Period −1 shows that average infl ation is negative when interest 
rates are set optimally under discretion. By design, infl ation is at tar-
get for average-infl ation targeting and the Reifschneider-Williams 
(RW) rule. Temporary price-level targeting (TPLT)  features above-
target infl ation that leads to a positive drift  in the price level (see 
lower left  panel of fi gure 3.6). Th e average rate of infl ation under 
price-level targeting (PLT) is very close to target.

In response to the positive supply shock in period 0, infl ation 
rises under all policy frameworks. Th e main diff erences across the 
various policies are visible from period 1 on. Price-level targeting 
stands out in its policy response in that the central bank makes up 
for the high infl ation with future below-target infl ation in order to 
bring the price level back to its target. As shown in the lower left -
hand panel, the price level reverts back to target while the shock is 
treated as a bygone under all other frameworks. Since we start from 
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F I G U R E  3 .6 .   Impulse response functions under diff erent dynamic policies 
in response to a positive supply shock at time 0, µ0 = µ̂ for infl ation (upper 
left -hand panel), the price level (lower left -hand panel), the output gap (upper 
right-hand panel), and the real interest rate (lower right-hand panel). We used 
the benchmark calibration with supply shocks to parameterize the model.



 Tying Down the Anchor 135

“normal” times where no temporary price-level episode has been 
triggered, the infl ation path under temporary price-level targeting 
also displays only a temporary upswing in infl ation.

Next we investigate the response to a single large negative supply 
shock in period zero that sends the policy rate to the lower bound. 
All further realizations of supply shocks are at their average val-
ues. Th ere are signifi cant diff erences in the response to this shock 
among the various policy frameworks, as fi gure 3.7 demonstrates. 
For average-infl ation targeting, the episode of the lower bound is 
purely temporary and does not aff ect infl ation in subsequent peri-
ods. Th e path under the Reifschneider-Williams rule looks very 
diff erent. Infl ation falls signifi cantly less due to higher infl ation 
expectations. Th ese infl ation expectations have to be justifi ed by 
higher infl ation in the subsequent period. By that time, the short-
fall in the interest rate cut due to the lower bound has been made 

F I G U R E  3 .7 .   Impulse response functions under diff erent dynamic policies 
in response to a negative supply shock at time 0, µ0 = µ̂ for infl ation (upper 
left -hand panel), the price level (lower left -hand panel), the output gap (upper 
right-hand panel), and the real interest rate (lower right-hand panel). We used 
the benchmark calibration without supply shocks to parameterize the model.



up for and infl ation from period two on is at target. Under (tempo-
rary) price-level targeting, encounters with the lower bound have a 
longer-lasting impact. While higher infl ation expectations reduce 
the impact of a negative shock, infl ation remains above target for 
several periods thereaft er.

Figure 3.8 shows the responses to a negative demand shock that 
would be fully off set by optimal policy absent a lower bound on 
interest rates. When the central bank has to obey a lower bound on 
interest rates, a negative demand shock spills over to infl ation and 
the output gap. Importantly, all dynamic policies achieve a rate of 
infl ation close to the target rate. Small discrepancies for the tem-
porary price-level-targeting rules are due to the asymmetry of the 
unconditional distribution we discussed earlier. Appendix F con-
tains a list of moments for the unconditional distributions under 

F I G U R E  3 .8 .   Impulse response functions under diff erent dynamic policies in 
response to a negative demand shock at time 0, ∈0 =−∈̂ for infl ation (upper 
left -hand panel), the price level (lower left -hand panel), the output gap (upper 
right-hand panel), and the real interest rate (lower right-hand panel). We used 
the benchmark calibration without supply shocks to parameterize the model.
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various policy rules. Th e policies diff er in the way they anchor infl a-
tion. While static and dynamic average-infl ation-targeting policies 
treat the shock to infl ation and thus the price level as temporary, 
price-level-targeting rules make up for past shortfalls.

Figure 3.9 shows the responses to a positive demand shock. 
Here, we start with the average of the unconditional distribution 
in period −1 and force a shock realization of ∈0 =∈̂ in period 0 
for all simulated economies. As a result, infl ation is higher for 
optimal policy under discretion and average-infl ation targeting. 
Th is result emerges because infl ation is above average during 
normal times. Reifschneider-Williams, on the other hand, can 
stabilize infl ation during normal times just as an optimal rule 
would demand. Th e price-level targeting practices achieve almost 
full stabilization.

F I G U R E  3 .9 .   Impulse response functions under diff erent dynamic policies 
in response to a positive demand shock at time 0, ∈0 =∈̂ for infl ation (upper 
left -hand panel), the price level (lower left -hand panel), the output gap (upper 
right-hand panel), and the real interest rate (lower right-hand panel). We used 
the benchmark calibration without supply shocks to parameterize the model.



6.4. Outcomes under Different Policy Frameworks

In this section, we investigate the effect of the various policy frame-
works on social losses. Therefore, we first use the baseline model 
with supply shocks. For the Reifschneider-Williams rule, we com-
pute the social loss under the parameterization ρz = θz = 1 such that 
all interest rate misses will be made up for in one period whenever 
feasible. And last, for price-level targeting, we compute the social 
loss as a function of the coefficient on the price-level using the same 
benchmark parameterization.

Figure  3.10 shows social losses for the different policies. 
Because only the price-level targeting and temporary price-level 
targeting frameworks are influenced by the parameter θp, the 
lines for all other policies are flat. While the magnitude of the 
differences between the social losses varies with the parameter-
ization, the ordering should be stable across a wide range of 
parameters.

F I G U R E  3 .10.   Social losses for different monetary policy frameworks as a 
function of the responsiveness of the interest rate rule to the price level. The 
economy is hit only by supply shocks.
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Optimal monetary policy under discretion serves as our bench-
mark policy. Since this policy suffers from inefficiently low infla-
tion expectations, average-inflation targeting can improve on social 
welfare. Because of the dynamic nature of policy adjustments, 
Reifschneider-Williams rules lower social losses further by raising 
inflation expectations at a time when they are needed the most.

Optimally parameterized price-level targeting dominates the 
other policy proposals in the case of supply shocks. As discussed 
before, this improvement in terms of social outcomes is due to the 
policy framework reacting more strongly to deviations of inflation 
from target irrespective of whether the nominal interest rate is at 
the lower bound or not. Temporary price-level targeting slightly 
dominates Reifschneider-Williams due to its ability to make up for 
shocks during temporary price-level targeting episodes, as we show 
below. In that sense, price-level targeting frameworks are a more 
fundamental departure from inflation targeting than the alterna-
tives we discuss.

We contrast the findings for the model with supply shocks 
with the analogous results for a model with demand shocks in 
figure 3.11. The mechanics for demand shocks are different since, 
even under optimal policy under discretion, demand shocks are 
fully offset unless the lower bound on interest rates becomes a 
binding constraint. In that sense, demand shocks give us a way to 
assess the influence of the lower bound on interest rates directly.

The ranking among the policy options is still the same for the 
static monetary policy frameworks. The bias in inflation expec-
tations is directly related to the probability of hitting the lower 
bound. The mechanism behind the static policies is thus the same 
for supply and demand shocks.

The difference comes in for dynamic policies. The various opti-
mized dynamic policies all yield the same loss in the case of demand 
shocks. Price-level targeting and temporary price-level targeting 



lead to virtually identical social losses since makeup strategies are 
in effect only after negative shocks when the temporary price-level 
target is triggered whereas positive shocks are fully offset through 
higher interest rates. Both policies lose some of the advantages they 
had in the presence of supply shocks relative to the Reifschneider-
Williams framework. Reifschneider-Williams is specifically designed 
to deal with issues associated with the lower bound on interest rates 
while (temporary) price-level targeting deals with these issues indi-
rectly through a commitment to make up for the larger shortfalls in 
inflation cause by the lower bound. The results instead suggest that 
the additional gains under (temporary) price-level targeting for the 
case of supply shocks were, to a large extent, derived from policy 
commitments away from the lower bound.

7. CONCLUSION

This paper analyzes various monetary policy frameworks and 
associated policy rules within a simple New Keynesian model 

140 Mertens and Williams

F I G U R E  3 .11.   Social losses for different monetary policy frameworks as a 
function of the responsiveness of the interest rate rule to the price level. The 
economy is hit only by demand shocks.
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with a lower bound on interest rates. We use the model to dis-
cuss both the mechanics of the policies and their implementation. 
We compare three broad classes of policy frameworks. Inflation 
expectations are the key vehicle through which the policy frame-
works affect price setting and the macroeconomy. Dovish policies 
dampen the reaction to shocks and thereby bring about welfare 
gains.

Static average-inflation targeting eliminates the downward bias 
in inflation expectations. Once the level of the interest rate rule 
is set optimally, no further adjustment needs to be made to the 
responsiveness to shocks relative to optimal policy under discre-
tion. Therefore, static average-inflation targeting dominates dovish 
policies.

Dynamic policy frameworks fare best. Reifschneider-Williams 
rules lead to an average inflation rate equal to target. Under this 
policy, the central bank promises to keep rates “lower for longer” 
and thus stimulates the economy precisely at a time when the cen-
tral bank is constrained.

Particularly in the presence of supply shocks, price-level target-
ing rules lead to the lowest social losses. Because the difference with 
other frameworks is stronger in the presence of supply rather than 
demand shocks, we infer that some of these welfare benefits stem 
from policy commitments away from the lower bound.

While the focus of this paper is on the mechanisms of the vari-
ous policies, further work is needed to evaluate their robustness by 
analyzing them within different economic models. Furthermore, a 
quantitative assessment of the policy frameworks within an esti-
mated larger-scale DSGE model would be informative about the 
magnitude of the welfare gains under the various rules.
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APPENDIX A: UPPER BOUND

The various conditions determine whether a constraint never 
binds, Cu

⋅ ; occasionally binds, Co
⋅ ; or always binds, Cc

⋅ . The specific 
conditions on the lower bound are

Cu
LB = 1

θµ
(iLB −θ0 −θE E[π t+1])<− µ̂

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪

for the lower bound to never bind,

Co
LB = − µ̂ ≤ 1

θµ
(iLB −θ0 −θE E[π t+1])≤ µ̂

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪

for the lower bound to occasionally bind, and



Cc
LB = 1

θµ
(iLB −θ0 −θE E[π t+1])> µ̂

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪

for the lower bound to always bind.
For the upper bound, the conditions are

Cu
UB = 1

θµ
(iUB −θ0 −θE E[π t+1])> µ̂

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪

for the upper to never bind,

Co
UB = −µ̂ ≤ 1

θµ
(iUB −θ0 −θE E[π t+1])≤ µ̂

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪

for the upper bound to occasionally bind, and

F I G U R E  3 .12.   Expected inflation in the current period as a function of expected 
inflation in the following period. Parameter values are set to α = 1.25, κ = 0.8, 
β = 0.99, r∗ = 1, λ = 0.25, iLB = 0.5, and iUB = 2.5. The support for supply shocks 
is µ̂ =3.3 and there are no demand shocks, that is, ∈̂=0. Intersections with the 
dashed 45-degree line represent steady states. The coefficients in the policy rule 
are those of optimal monetary policy under discretion.
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Cc
UB = 1

θµ
(iUB −θ0 −θE E[π t+1])<− µ̂

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪

for the upper bound to always bind.
Computing inflation expectations under the various scenarios 

delivers the graph of expected inflation as a function of expected 
inflation in the subsequent period shown in figure 3.12.

APPENDIX B: STATIC AVERAGE-INFLATION 
TARGETING

When adjusting the level of interest rates such that average inflation 
is at target, inflation expectations fall into the liquidity trap equilib-
rium. Figure 3.13 shows the mapping from next period’s expected 
inflation to the current period’s expected inflation.

F I G U R E  3 .13.   Expected inflation in the current period as a function of expected 
inflation in the following period. Parameter values are set to α = 1.25, κ = 0.8, 
β = 0.99, r∗ = 1, λ = 0.25, and iLB = 0.5. The support for supply shocks is µ̂ =3.3 
and there are no demand shocks, that is, ∈̂=0. Intersections with the dashed 
45-degree line represent steady states. The coefficients in the policy rule are 
those of optimal monetary policy under discretion, except θ0, which is set 
according to equation (11).



APPENDIX C: REIFSCHNEIDER-WILLIAMS RULE

C.1. Proof of Lemma 2

Proof: Iterating the IS curve in equation (2) forward results in

xt=εt −α
s=t

∞

∑Et[is−Esπ s+1 − r∗].

Taking unconditional expectations on both sides delivers

Ext=−α
s=t

∞

∑E[is−Esπ s+1− r∗].

By design, the Reifschneider-Williams rule delivers an average 
nominal interest rate equal to r∗. This result derives from the fact 
that the reference nominal interest rate itref  in equation (13) has r∗ 
as its intercept and all shortfalls in interest rate cuts are made up for 
by design. Plugging in E[is]=E[isref ]= r∗  in the previous equation 
shows that the output gap is given by

Ext =α
s=t

∞

∑E[π s+1].

The only nonexplosive solution has an average inflation rate at tar-
get, that is, E π s[ ]=0. ■

C.2. Algorithm for Reifschneider-Williams Rules

We show the algorithm for the case of supply shocks in this sec-
tion and the case of demand shocks works analogously. The model 
with supply shocks only for the Reifschneider-Williams rule can be 
summarized by the following equations:

xt =−α(it −Et (π t+1)− r∗)+Et (xt+1)
π t =βEt (π t+1)+κ xt +µt

itref =θ0+θµ µt+ θEEt (π t+1)

it =max(itref +θzzt , iLB )
!it = itref − it

zt+1 = zt + !it
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xt =−α(it −Et (π t+1)− r∗)+Et (xt+1)
π t =βEt (π t+1)+κ xt +µt

itref =θ0+θµ µt+ θEEt (π t+1)

it =max(itref +θzzt , iLB )
!it = itref − it

zt+1 = zt + !it

The algorithm approximates and stores the following objects:

• One-period-ahead expected inflation: gπ (z)=E[π t+1|zt+1= z]
• One-period-ahead expected output gap: gx (z)=E[xt+1|zt+1= z]
• Realized Taylor rule deviation: f!i (µ,z)= !it |µt =µ,zt = z
• Realized inflation: fπ (µ,z)=π t |µt =µ,zt = z
• Realized output gap: fx (µ,z)= xt |µt =µ,zt = z

To solve the model, we approximate these functions using linear 
interpolation and use the following iterative algorithm to solve for 
the functions’ values at points along the following grids for z and µ 
(respectively):

• Z : 101 equally spaced points between −10 and 0.
• M: 201 equally spaced points between −µ̂ and µ̂.

Algorithm
1. Initialize inflation expectations
2. Given the approximation of one-period-ahead inflation expec-

tations gπ( j−1)(z)|z∈Z( )  from the previous iteration, solve the 
following fixed-point problem at each pair of gridpoint values 
{(µ,z)|µ∈M, z∈Z} in order to update the approximation of 
the realized Taylor rule deviation f!i

( j )(µ,z):

 f!i
( j )(µ,z)= θ0+θµµ +θE gπ( j−1)(z + f!i

( j )(µ, z))( )
−max θ0+θµµ +θE gπ( j−1)(z + f!i

( j )(µ, z))+θzz , iLB( ).
 

 

(17)



3. Given approximations for the realized Taylor rule deviation 
{ f!i

( j )(µ, z)|µ∈M, z∈Z}  and expectations {gπ( j−1)(z)|z∈Z}, {gx( j−1)(z)|z∈Z}
{gπ( j−1)(z)|z∈Z}, {gx( j−1)(z)|z∈Z}  from the previous iteration, at each pair of 

gridpoint values {(µ,z)|µ∈M, z∈Z}  update the following 
approximations:

fi
( j )(µ,z):=max(θ0+θµµ +θE gπ( j−1)(z + f!i

( j )(µ,z))+θzz ,iLB )  (18)

 
fx( j )(µ,z):=−α( fi

( j )(µ,z)− gπ( j−1)(z + f!i
( j )(µ,z))− r * )

+ gx( j−1)(z + f!i
( j )(µ,z))  (19)

 
fπ( j )(µ,z):=βgπ( j−1)(z + f!i

( j )(µ,z))+κ fx( j )(µ,z)+ µ  (20)

4. Update approximations for one-period-ahead expectations 
{gπ( j )(z)|z∈Z}  for all z∈Z, using the following discrete sum 
approximation for integration over µ:

 gπ( j )(z)=
µ∈M
∑ fπ( j )(µ,z)  (21)

 gx( j )(z)=
µ∈M
∑ fx( j )(µ,z).  (22)

5. Iterate steps 2–4 until all of the approximations have converged.

The Reifschneider-Williams rule results in inflation expecta-
tions as a function of the cumulative shortfall in interest rate cuts.

APPENDIX D: ALGORITHM FOR  
PRICE-LEVEL TARGETING

For price-level targeting, we again present the algorithm for the 
case of supply shocks only. The algorithm for the case of demand 
shocks works analogously. Therefore, we use the following set of 
equations for the model:
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xt =−α(it −Et[π t+1]− r∗)+Et[xt+1]
π t =βEt (π t+1)+κ xt + µt

it =max{θ0+ θµ µt +θEEt[π t+1]+θ p pt , iLB}

pt = pt−1+ π t .

The numerical procedure approximates and stores the following 
objects:

• One-period-ahead expected inflation: gπ (p)=E[π t+1|pt = p]

• One-period-ahead expected output gap: gx (p)=E[xt+1|pt = p]

• Realized inflation: fπ (µ, p)=π t |µt =µ, pt−1= p

• Realized output gap: fx (µ, p)= xt |µt =µ, pt−1= p

To solve the model, we approximate these functions using inter-
polation and use the following iterative algorithm to solve for the 
functions’ values at points along the following grids for p and µ 
(respectively):

• P: the union of the following evenly spaced grids (intended to give 
a high density of gridpoints around p = 0):
1. {−70, −65, . . .  , 65, 70}
2. {−20, −19, . . .  , 19, 20}
3. {−5, −4.75, . . .  , 4.75, 5}
4. {−1, −0.9, . . .  , 0.9, 1}

• M: 201 equally spaced points between −µ̂  and µ̂

Algorithm
1. Initialize inflation expectations gπ(0)(p):=0  for all p∈P .
2. Given the approximations of one-period-ahead expec-

tations for inflation {gπ( j−1)(p)|p∈P}  and the output gap 
{gx( j−1)(p)|p∈P}  from the previous iteration, solve the fol-
lowing fixed-point problem at each pair of gridpoint values 



{(µ, p)|µ∈M, p∈P}  in order to update the approximation 
of realized inflation fπ( j )(µ, p) :12

 
fπ( j )(µ, p)=κ (−α(max(θ0+θµµt +θE gπ( j−1)(p + fπ( j )(µ, p))

+θ p p,iLB )− r∗)+ gx( j−1)(p + fπ( j )(µ, p)))

+ (ακ + β )gπ( j−1)(p + fπ( j )(µ, p))+ µ.

 
 

(23)

3. Given approximations to realized inflation { f!i
( j )(µ, p)|µ∈M, p∈P}

{ f!i
( j )(µ, p)|µ∈M, p∈P} and expectations {gπ( j−1)(p)|p∈P}, {gx( j−1)(p)|p∈P}  

from the previous iteration, at each pair of gridpoint values 
{(µ, p)|µ∈M, p∈P}  update the approximation for the real-
ized output gap fx( j )(µ, p) :

  fx( j )(µ, p):=−α(max(θ0+θµ µt +θE gπ( j−1)(p + fπ( j )(µ, p))

+θ p p,iLB )− gπ( j−1)(p + fπ( j )(µ, p))− r∗)

+ gx( j−1)(p + fπ( j )(µ, p))

 
 

(24)

4. Update approximations for one-period-ahead expectations 
{gπ( j )(p)|p∈P}  for all p∈P , using the following discrete 
sum approximation for integration over µ:

 gπ( j )(p)=
µ∈M
∑ fπ( j )(µ, p)  (25)

 
gx( j )(p)=

µ∈M
∑ fx( j )(µ, p).  (26)

5. Iterate steps 2–4 until all of the approximations have 
converged.

12. Note that the equations determining the nominal interest rate and output gap have 
been substituted into the equation determining inflation, so that realized inflation is the only 
endogenous time t-variable that appears in the expression.
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APPENDIX E: TEMPORARY  
PRICE-LEVEL TARGETING

As in the other cases, we focus on the case of supply shocks only. 
The algorithm for the case with demand shocks works in the same 
way.

Policy is conducted according to the following interest rate rule:

it =
θ0+θµ µt +θE E[π t+1|pt =0] if µt>µc and pt−1=0

iLB if µt ≤ µc or pt−1<0.

⎧
⎨
⎪

⎩⎪
 (27)

The “cutoff ” supply shock value is defined as µc ≡ iLB−θ0−θEE[π t+1|pt =0]
θµ

µc ≡ iLB−θ0−θEE[π t+1|pt =0]
θµ

. The (temporary) price level evolves 

according to:

 pt =
0 if µt>µc and pt−1=0

min(pt−1+π t ,0) if µt ≤ µc or pt−1<0.

⎧
⎨
⎪

⎩⎪
 (28)

In words: when µt ≤ µc, the nominal interest rate will surely 
be constrained if PLT is not initiated; when a negative shock of 
this magnitude occurs, the policy maker fixes it = iLB and initi-
ates PLT, keeping the interest rate at the lower bound until the 
price level returns to its level in the period before the shock (i.e., 
until pt = 0).

This rule induces discontinuities in both realized and expected 
inflation. In particular, when pt−1 = 0 (PLT has not already been ini-
tiated), πt is higher when µt =µc−∈  than when µt =µc+∈, since 
the former shock is just big enough to trigger a TPLT “episode” and 
deliver stimulus through a guarantee of low future interest rates. 
Similarly, Et[π t+1 | pt =−∈] is much larger than Et[π t+1 | pt =0]  
since a TPLT “episode” is initiated only in the former case.



The following page displays plots of the solutions for expected 
and realized inflation, as well as sample paths for inflation, the 
nominal interest rate, the temporary price level, and the shocks µ.

The horizontal lines in the interest rate and shock charts below 
denote iLB and µc, respectively. Yellow dots in the interest rate chart 
denote periods where it = iLB, while red dots denote periods where 
pt < 0.

APPENDIX F: THE UNCONDITIONAL DISTRIBUTION 
OF INFLATION AND THE OUTPUT GAP

This section presents a list of moments for the unconditional distri-
butions of inflation and the output gap under various policy rules. 
Table 3.1 contains a list of moments for the model with supply 
shocks, while table 3.2 shows the analogous statistics for the model 
with demand shocks.
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DISCUSSANT REMARKS

Monika Piazzesi

The organizers of this conference gave me a great paper to read 
and think about. First, let me say that I am excited and grate-
ful that my policy maker—John Williams, president of the New 
York Federal Reserve and vice chair of the Federal Open Market 
Committee, which decides on monetary policy—took the time 
to provide a detailed explanation of how he thinks about policy 
in the current environment with low interest rates. An added 
bonus is that the explanation comes in the form of elegant for-
mulas that nicely illustrate how optimal policy looks like in this 
environment.

An important question for policy is, what should we do if inter-
est rates continue to stay low? To address this question, the paper 
uses a standard New Keynesian model for inflation, πt, and the 
output gap, xt. The model consists of two equations, a Phillips curve 
and an Euler equation:

π t = µt +κ xt + βEt π t+1 

xt =∈t −α (it − Et  π t+1− r∗) + Et xt+1,

Here, it is the short-term nominal interest rate, r∗ is the real rate in 
the long run, µt  is a supply shock, and ∈t is a demand shock.

How should monetary policy be conducted in this model if 
we continue to stay in a low-interest-rate environment? Suppose 
there is a lower bound on the short-term nominal interest rate, 
it. Imagine that the rate it cannot be negative, so it has to stay 
positive or at zero. This idea is captured with a constraint it ≥ 0. 
How should monetary policy be conducted in the presence of 
this constraint? What policy rule should the central bank use to 
determine it?
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The answer is that the central bank should commit to rules that 
raise inflation expectations, broadly speaking. In the zero-lower-
bound environment, such a policy prevents the central bank from 
cutting rates in response to bad shocks, because there will be times 
where it would have to cut below zero. With discretion, policy leads 
to lower inflation expectations. By committing to a policy rule, the 
central bank can then increase these inflation expectations.

The paper describes a number of interest-rate rules that would 
increase inflation expectations. The paper finds that many differ-
ent rules can do the job. If we start from an optimal discretionary 
rule, we will find there are dovish policies that just respond less 
to shocks. An alternative rule is static average inflation targeting, 
which translates in this world to simply using a lower intercept in 
the Taylor rule. The Reifschneider-Williams rule is another alter-
native, which responds to past deviation from the inflation target 
and is therefore a dynamic rule. Price-level targeting is yet another 
alternative, which seems to work out best in this particular model. 
But all these rules achieve the same goal of lowering policy rates 
for a longer time, especially after bad shocks, and thereby raising 
inflation expectations.

Why do we believe that the short-term nominal rate has a lower 
bound? The typical argument for why there is a lower bound is cash 
arbitrage. In a New Keynesian model, the nominal short rate is the 
interest rate on savings. The government also provides cash, which 
pays zero interest. If the savings rate drops below zero, households 
will go to the bank, withdraw their savings, and start holding cash. 
This cash-arbitrage argument implies that the central bank cannot 
lower rates below zero.

However, in modern economies, the lion’s share of payments 
is not made with cash. Instead, payments are made electronically, 
either with deposits or with short credit (e.g., households use credit 
cards to pay for goods and services, and firms use credit lines to 
pay their workers). These electronic payments are handled by 
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banks that provide the payment instruments. Banks manage these 
payments by paying reserves to one another. Banks have reserve 
accounts at the central bank. In all modern economies, banks pay 
these reserves to one another using a gross settlement system pro-
vided by the government. The central bank decides whether or not 
to pay interest on these reserve accounts. If banks receive inter-
est on reserve holdings, the production of payment instruments 
becomes cheaper. In such a world, the question is, can the govern-
ment pay negative rates on reserves? Moreover, do banks pass these 
negative rates on to households and firms?

The recent experience in Europe provides some information 
about the answers to these questions. And so, I thought I was going 
to show some evidence from Europe. Heider, Saidi, and Schepens 
(2019) illustrate what happened in Europe to the various inter-
est rates.13 The interest rate that the European Central Bank (ECB) 
pays on reserves went negative in 2014. Other rates also became 
negative, like the three-month Euribor rate, which is a rate that 
banks pay to one another. Importantly, banks are able to handle 
negative rates.

Heider, Saidi, and Schepens (2019) also answer the question of 
whether banks pass the negative rates on to households or firms.14 
The upper chart in their figure shows that the distribution of rates 
that households receive on their deposit accounts does not include 
negative rates. In other words, banks tend to spare small depos-
its from negative rates. The lower chart in their figure shows that 
large deposits by nonfinancial corporations are being paid negative 
rates. In other words, banks do pass negative rates on to their large 
depositors.

In sum, is there a zero lower bound for the nominal short-term 
interest rate? For Europe, central banks in many countries have 

13. See figure 1 in Heider, Saidi, and Schepens (2019).
14. See figure 2 in Heider, Saidi, and Schepens (2019).



been paying negative rates on reserves. Not just the ECB—that 
was the evidence in the figures by Heider et al.—but also Norway, 
Denmark, Sweden, Switzerland, and Japan have all used negative 
rates on reserves. Moreover, the evidence from Europe suggests 
that banks will pass negative rates on to their larger depositors.

These facts raise the question of why banks pass negative rates 
on to some of their customers. The paper by Mertens and Williams 
addresses the question of optimal monetary policy in an environ-
ment where a constraint prevents rates from going negative. What 
is the reason for this constraint? What is the microfoundation for 
this constraint? To address the question of optimal monetary pol-
icy in a low-interest-rate environment, it would be important for 
future research to answer the question of whether a lower bound 
for interest rates exists, whether the lower bound is zero, and what 
the economic rationale for the lower bound is.

As interest rates stay low and we are thinking about optimal 
policy in this environment, we should also reopen the question 
on whether the central bank should be paying positive interest on 
reserves at all. In the United States, the Fed started to pay positive 
interest on reserves in 2008. Before then, the Fed did not pay any 
interest on reserves. Is it optimal for the Fed to pay interest on 
reserves? The answer to this question is far from clear. A higher 
reserve rate redistributes wealth from taxpayers to shareholders 
of banks, as interest on reserves subsidizes the business of banks.

The United States switched from a system without such sub-
sidies to a system with subsidies in 2008. Soon after, the amount 
of reserves in the banking system exploded after quantitative eas-
ing. Figure 3.14 shows the evolution of reserve balances and their 
increase to trillions of dollars since the financial crisis. Any small 
basis point of an interest rate on trillions of dollars is a large subsidy. 
I understand that it is difficult in these circumstances to reduce the 
reserve rate back to zero without seriously damaging the banking 
system. However, we should talk about whether reserves should be 
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reduced to a lower level, such as those we had in the environment 
before the fi nancial crisis. With a lower amount of reserves, the 
government could think about reducing the interest on reserves 
more easily, without causing serious damage to banks.

Th e question about the optimality of interest on reserves is 
beyond the focus of this paper, of course. Th is paper focuses on 
interest rate policy in the presence of a constraint that prevents 
interest rates from being negative. However, the size of the Fed bal-
ance sheet is another policy instrument. We should debate the opti-
mal size of this balance sheet in a low-interest-rate environment 
in the future. Th e current size is large, and a small interest rate on 
reserves involves large payments that benefi t banks. Moreover, we 
should consider policies that involve negative interest on reserves.

Th e idea of negative rates on reserves is intriguing, but what will 
happen in the long run if such a policy is adopted? Th e European 
experience is relatively short. Europe started adopting negative 
rates only in 2014. If reserve rates stay negative over a long period 
of time, it is plausible that banks will start thinking about whether 

F I G U R E  3 .14.   Reserve Balances with Federal Reserve Banks in Billions of 
Dollars.
Source: FRED, Federal Reserve Bank of St. Louis.
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they can adopt a different system to pay one another, and thereby 
circumvent the gross settlement system provided by the govern-
ment. Banks might design alternative systems that help minimize 
the use of reserves. Banks will probably try to net more during the 
day and maybe use more cash deliveries, if that is a cheaper way of 
running their business. Any policy that plans to set negative reserve 
rates over extended periods of time has to face the possibility that 
banks will innovate and think about how best to pay each other. 
Will this innovation support bank lending and lead to financial 
stability? These are the questions we will have to address over the 
next months.
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GENERAL DISCUSSION

KEVIN WARSH (INTRODUCTION): One can view the proximity of the cur-
rent Fed policy stance to the zero lower bound as an accident of 
history, or a wise choice. So, too, the grand scale and scope of 
the Fed’s balance sheet. No matter one’s judgment, the Fed finds 
itself with less conventional and unconventional ammunition.

With ammunition low, Fed credibility—to act independently, 
get policy right, and explain well the rationale for its actions—is 
at a premium. Fed cred will be relied on most when the economy 
slows or confronts a shock. So it’s encouraging that Fed is open 
to considering reforms in the conduct of monetary policy.

Most of our students on campus know well the financial cri-
sis of 2008–2009. But it’s no more resonant than, say, the Great 
Depression. Big and consequential. An important chapter of 
our American history. But the panic of the period is not some-
thing they experienced. Many students of the financial crisis are 
neither scared nor scarred. Some of us who served view their 
innocence with equal parts envy and concern. The past isn’t even 
past.

The regime change of the economy in the last decade—from 
“crisis” to “recovery” to “sustained expansion”—did not corre-
spond to a significant change in the profile or practice of the 
modern central banker. The Federal Reserve neither exited the 
front stage nor fell off the front page.

Some view monetary dominance over the last decade with 
grave concern, if not suspicion. Others, attuned to the polar-
ization of our politics, are relieved that the Fed sees fit to be 
a steadying force. And in the high-minded spirit of a modern 
Wilsonian, they see a cadre of policy professionals compensat-
ing for the failings of much of the rest of government.

The Fed’s actions—and preeminence—continue to leave 
a heavy mark on the economy, banking system, and financial 



markets. And with its elevated status, the Fed finds itself con-
siderably more exposed to the broader body politic. The central 
bank’s prominence has caused its policy choices to be scruti-
nized through a different lens and its independence to be tested.

The Fed has long been powerful. Setting interest rates matters 
to households and businesses and governments. In the period 
between the Treasury-Fed Accord of 1951 and the financial cri-
sis of 2008, the Fed’s monetary powers were thought to be lim-
ited, well circumscribed. Monetary and fiscal policy were clearly 
delineated. And the distinction came with a difference: the con-
duct of monetary policy alone was largely accorded the benefit 
of central bank independence.

To what do we owe the heightened scrutiny of the Fed in 
recent years? It is fashionable—and true—to talk about the 
hyper-partisanship of our time. And of the divisions in our 
country. It is less fashionable—but no less true—to believe that 
the financial crisis is a piece of the polarization. One observes 
the casting of prospective nominees to our central bank in the 
last decade as either “with us” or “against us.” This is a troubling 
development.

Until the last couple of years, it’s also true that growth in real 
economic output and median take-home pay were modest and 
well below consensus forecasts. Blame is assigned for the eco-
nomic shortfall. And the Fed—at center stage—serves a useful, if 
sometimes undeserved, target. The central bank has no shortage 
of good intentions. But the Fed is not an altogether unwitting 
victim of the political scrum.

When monetary policy makers herald their record of job 
creation, they risk their institutional prerogatives. Policy pros 
can rarely force-rank the individual efficacy of monetary, fiscal, 
trade, and regulatory policy. Moreover, economic expansions 
often owe more to the resilient, micro-foundations of the econ-
omy than macroeconomic fine-tuning. Even if the Fed merits 
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special commendation, bowing at center stage is incompatible 
with safeguarding independence.

For most of the postcrisis period, the Fed grew the size and 
scope of its balance sheet in order to provide greater monetary 
accommodation. In recent months, the Fed announced another 
big shift in its balance sheet plans. It would maintain a large bal-
ance sheet on a seemingly permanent basis. But no longer was 
monetary policy the rationale. The Fed justified its new policy 
stance on regulatory and operational grounds: the big banks 
need high-quality, Fed-provided reserves.

But what happens when the bright line between monetary 
and regulatory policy fades? And when the line between mone-
tary policy and fiscal policy blurs? Line-crossing poses real risks.

This is not about party or president. If Congress does not have 
the votes for an extension of the debt limit, why not get emer-
gency relief from the Fed. If the appropriations process is dead-
locked, call on the Fed to fund a government agency directly. If 
housing prices are falling, push the Fed to buy four mortgages. 
If Congress and the administration cannot agree on new fiscal 
policy, pressure the Fed to provide more stimulus.

Demanding central bank independence in the conduct of 
quasi-fiscal and quasi-regulatory policy is a break with historic 
norms. By custom, the Fed is granted carefully circumscribed 
authority to conduct monetary policy independently. Not fiscal 
policy, which is the province of Congress. And not regula-
tory policy, which is to be executed under the rules that govern 
many other government agencies.

If the Fed becomes a general-purpose agency of economic 
policy, it will lose its special monetary prerogatives. And the 
printing press it keeps will be a temptation for mischief. Modern 
monetary theory (MMT) is the new name for an old tempta-
tion to conflate monetary and fiscal policy. The Fed’s monetary 
independence arises not by constitutional sanction but from 



something more subtle, a norm. Independence requires con-
stant vigilance by all parties, not least the central bank itself. 
Independence, however, is not the objective of sound monetary 
policy. Instead, it’s a time-tested, effective means to get policy 
right. But that’s not all.

Like sound legal opinions from the high court, monetary 
policy decisions are more important for the reasons they give, 
not the results they announce. The Fed’s real institutional power 
comes not from its ability to pronounce but its ability to per-
suade. A policy decision that gets the reasons wrong gets a lot 
wrong.

The Fed is right to change its judgment when circumstances 
dictate, but its rationale must be comprehensive and compel-
ling. Recitation of the Fed’s latest quarterly dot-plot forecast—
inspired by the Fed’s workhorse models—is not sufficient to 
justify a policy stance. Nor is reference to an ostensibly settled 
monetary policy rule.

In my view, the scale and scope of monetary policy makers’ 
ambitions have expanded over the past decade. Yet its policy 
choices are narrower, and more difficult.

KRISHNA GUHA: So, [John Williams], you presented sort of a hier-
archy of effectiveness in the model. You also, early on, made 
the point that in a sense the challenges regarding credibility 
and commitment also escalate in the same order. My own view, 
just based on speaking to lots of market participants, is that a 
framework review conclusion that promised to behave differ-
ently and contingently in the future would be regarded as hav-
ing relatively little credibility today in financial markets relative 
to changes that involved you actually changing your real-time 
observable behaviors today. So, what I wanted to ask is, first, how 
do you think about evaluating that trade-off that you presented 
between the efficacy in the model and what you’re asking by 
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way of central banks’ credibility and forward-looking inflation 
expectations formation process. How are you going to evaluate 
that? And should we think of it as an either-or, or could we think 
of a situation in which behaving somewhat differently in the 
present could enhance the credibility of promises to take firmer 
commitments in the future contingency lower bound events?

JOHN WILLIAMS: On your question of how will we evaluate these 
trade-offs, my answer is: carefully and thoughtfully, and delib-
erately. It is the Federal Reserve. So, you know, I agree with your 
point. It’s easier to teach people what your reaction function 
is every day when you conduct yourself consistent with that 
reaction function. I think that’s one of the strengths of being 
consistent and coherent in your strategy. And when we think 
about these contingent strategies—for example, the temporary 
price-level targeting policy proposed by Charlie Evans and Ben 
Bernanke, or the Reifschneider-Williams policy, or some varia-
tion of that—they only get used following lower bound episodes. 
The challenge with these approaches is that you’re saying, “Hey, 
seven or eight years in the future, or whenever, this is what we’ll 
do.” The way I think about your question—again, I’m speak-
ing for myself—and this is really more conceptually rather than 
what the answer ultimately will be, is first you want to be very 
clear on setting out the goals of your framework and your strat-
egy, and what you’re trying to achieve, how you understand that, 
and communicate that to the public.

From that follows the operational issues and implementation. 
Thomas Mertens and I described average inflation targeting in 
our paper as either static or dynamic. I view the Reifschneider-
Williams policy as being a version of average inflation targeting. 
So the strategy might be, for example, hypothetically to say we 
want the average inflation rate over the longer run to be 2 per-
cent. That means that in periods when we’re away from the lower 
bound, we would expect inflation to be somewhat above our 



2 percent goal. And then there might be the execution issue as 
well: how exactly would you carry that out? It could be described 
in terms of a policy reaction function, something along the lines 
of one of the variations on these rules. So, I think there’s a way to 
get from a strategy framework to a desired outcome to a “well, 
now we’re going to talk about the nitty-gritty of what does the 
policy reaction function look like.” But I agree with the premise 
that some of these are easier to do successfully when people have 
a lot of muscle memory around them. You know, the more that 
we do consistent monetary policy—I’m not just talking about 
today—I think the more that just becomes ingrained in people’s 
expectations and behavior, the more likely we will succeed.

JOHN COCHRANE: As much as I am a fan of price-level targeting, 
as you are, the models that you’re using have the unsettling 
property that promises further in the future have bigger effects 
today. I tried this out last week. I asked my wife, if I promise to 
clean the dishes five years from now, will you cook dinner for a 
month? She said no.

As you know, there’s an industry now trying to repair that 
feature of the model. So I would suggest at least considering 
toning that feature down if possible. And it may lead to the con-
clusion that the Friedman rule isn’t so bad after all. Zero percent 
interest rates and slight deflation—what is so terribly wrong with 
that? The economies that are sitting at the bound have in fact had 
less output and inflation volatility than the ones where the cen-
tral banks are moving interest rates all the time. Maybe we didn’t 
get any shocks, but maybe that situation isn’t so bad after all.

VOLKER WIELAND: Just one quick comment for John and one for 
Monika. John, first, I think it is a fascinating paper. It is also 
particularly neat how you derive this adjustment with the r∗ and 
intercept. Very nice. One thing—this was all derived under the 
assumptions of rational expectations and commitment. And 
this reminds me—other people have been mentioning their 
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own papers—of a short note in the AER [American Economic 
Review] Papers and Proceedings issue joint with Günter Coenen 
in May 2004, where we looked at exit strategies from the zero 
bound. We evaluated price-level targeting. Mike Woodford was 
pushing for that. We looked at Lars Svensson’s proposal to fix 
the exchange rate and at quantitative easing, which Orphanides 
and I had been writing about. Once we introduced a lack of 
credibility involving learning about the inflation objective or the 
price-level objective of the central bank, the benefits of commit-
ment to price-level targeting disappeared, while strategies that 
require doing something right away, such as quantitative easing 
or setting the exchange rate, allow the central bank to prove its 
commitment to the public. Thus, credibility may be key to your 
results.

You mentioned there was a big change with forward guid-
ance. If I look at the European case, we had forward guidance 
resulting because the ECB [European Central Bank] said, “Look, 
we’ve got to keep buying assets. And eventually we keep buying 
less and less before we raise the policy rate.” Thus, the actions 
of quantitative easing reinforced the forward guidance on rates. 
So in terms of the strategies you propose, how do you convince 
markets of what you announce you will do in the future?

And quickly on the European experience with negative rates, 
I think there are two things to consider. One is that there are 
legal constraints in terms of the contract underlying the regular 
bank account that prevent negative rates. Then, the banks try to 
hit the households indirectly with fees. However, in case of cli-
ents with large deposits, including pension funds or investment 
funds, banks negotiate to pass on the negative rate.

MONIKA PIAZZESI: So, I think whatever it is that gives rise to the zero 
deposit rates the banks pay, we need to understand what they 
are to think about optimal monetary policy, because in design-
ing optimal monetary policy it’s going to be important what the 



constraint is. And if it’s legal, it’s interesting. If legal restrictions 
restrict deposit rates on small accounts, let’s say, and not on 
large accounts, that’s interesting, and that will affect the design 
of monetary policy. In thinking about what’s optimal, that’s cer-
tainly going to matter for that.

WILLIAMS: So, first, I want to connect Krishna’s comments and 
Volker’s comments, which I think are very much on point. What 
we’ve learned is John should do the dishes every day, and if he 
does them every day, then his commitment to do them in five 
years will be more credible. I think that what we’re trying to do 
in this paper, by the way, is not to sell price-level targeting but 
rather show the mechanisms by which it works. There are two 
points I’d like to make on that. The first is that it has effects on 
positive as well as negative inflation shocks and acts to reverse 
both. And some people think that’s a positive or a negative attri-
bute, but that is a part of the how this policy works, so it’s good 
to point that out. But I will say that one of the advantages of the 
Reifschneider-Williams policy, and here I’m leaning to my own 
papers, is that the commitment is not a commitment to reverse 
price movements in all situations. The way this policy works, 
and this is true of other papers that have studied it, is that after 
a lower bound period, you keep interest rates lower longer for, 
you know, a matter of quarters or a few years, until you’ve spent 
that buildup of missed policy actions due to the lower bound, 
and then you’re back to normal. So, it’s not working the way 
that some of these forward-guidance puzzles work, which you’re 
promising things way, way off in the future. The promises are 
more immediate, but they still are promises.

ROBERT WENZEL: It’s a two-part question. The first part is in Paul 
Volcker’s memoir, he wrote: “I puzzle about the rationale. A 
2 percent target or limit was not in my textbook years ago. I 
know of no theoretical justification. It’s difficult to be both a 
target and a limit at the same time. And a 2 percent inflation rate 
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successfully maintained will mean the price level doubles in little 
more than a generation.” Would you comment on that? The sec-
ond part of my question is, how high above the 2 percent target 
would you be comfortable with given current economic data?

GEORGE SELGIN: My question is related to John Cochrane’s. I think 
I may just be putting a similar point as he did but in a different 
way. It begins with the observation that your framework makes 
the lower bound problem seem a greater problem than it might 
actually be, and by doing that it also misrepresents the virtue of 
some of the different policies. I specifically refer to your objec-
tive function that makes a constant inflation rate ideal.

To make this concrete, let’s suppose you’re right at the lower 
bound, and it’s not binding yet, and you have a positive supply 
shock. Now, that’s a problem in your model, because it’s not pos-
sible to lower the policy rate, so you’re going to have lower infla-
tion, because more goods are being produced. Well, so? If in fact 
you discard the assumption of ideal zero volatility in the infla-
tion rate for one that calls only for a constant long-run inflation 
rate, then you can just say, well, goods get cheaper because there 
are more of them, and bygones are bygones, and we’re done. And 
that is in fact what an NGDP [nominal GDP] target would do. 
It wouldn’t say you have to make up for it later on. It would just 
say, if you have a negative supply shock, then you would have 
to let the price level rise. That’s a different result, though, from 
the optimal result than you would get in your model, because 
your model simply assumes that a constant inflation rate is best. 
I wonder if you could comment on this observation, because it’s 
related to John’s. I don’t think it’s quite the same, but you could 
get a Friedman rule out of it if you pushed it into growth rate 
space.

WILLIAMS: So, first, the 2 percent target just wasn’t pulled out of the 
air. Clearly, part of the discussion in both the United States and 
central banking across the world was a recognition of lower 



bound issues, measurement issues, where “true” inflation is 
likely to be well below the measured value, and trying to get 
a good point trading off these issues with the desire to have 
very low inflation. In terms of our model, and you look at the 
work by Bernanke, Kiley, and Roberts and the work that Dave 
Reifschneider and I have done, you don’t overshoot inflation by 
that much during the good times. It depends on the model and 
everything about it. But because you’re trying to get the mean 
inflation at two, you’re basically going to overshoot by a few 
tenths, not percentage points. And so, I think that some of the 
worries around average inflation targeting are you going to aim 
for 3 or 4 percent during good times. In fact, at least, based on 
the historical experience, you’re talking about a just a few tenths. 
Let me give you a concrete example. Last ten years, core infla-
tion in the United States has been running about 1.6 percent on 
average despite the worst recession of our lifetimes. That gives 
you an idea that even with inflation, the miss isn’t that huge, even 
in that example.

THOMAS MERTENS: Let me briefly add to that. What the dynamic rules 
show is that you do not need to run inflation much above target 
during normal times. The key factor is that you increase infla-
tion expectations during the time when the lower bound binds 
to prevent a larger drop in inflation. Dynamic rules achieve that 
by having higher inflation right after the end of the lower bound 
period. As a result, inflation can be close to target during normal 
times.

JIM BULLARD: On changing the inflation target, I like John’s comment 
about how it has become an international standard. I think for 
the United States to move off that international standard would 
set off a global race and it would be a bad thing. That’s one of the 
biggest arguments for sticking with the 2 percent target.

And then on Volker Wieland’s comment and for researchers 
in the room, there’d be a lot more to do here. If the central bank 
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really wanted to do this, you’d want to know what the transition 
to the new regime looks like. There might be things happening 
during the transition that we don’t like or don’t understand at 
this point. You could analyze that either under rational expecta-
tions or under some kind of learning assumption. That would 
be interesting, I think.

My final comment is, what about nominal GDP targeting? 
This is a full model that has an output gap. Are there interpre-
tations as nominal GDP targeting? Are you just not calling it 
nominal GDP targeting? What is your view on that?

WILLIAMS: You have to understand that my opening remarks should 
have said, “Thank you, Thomas, for doing all the work, and I 
should be blamed for any mistakes in the presentation.” So, 
nominal GDP targeting is literally an extension of the model 
that we’re working on now.

I think on the price-level aspect, many of the results we found 
will carry over to nominal GDP targeting. But there are, as was 
pointed out, some differences. That’s part of the agenda. It’s a 
little bit more complicated, so we’re working on it.

WARSH: We enjoy eavesdropping on the FOMC discussion, but 
let me push you a little bit on Jim’s comment about the regime 
change. So, let’s say that the Fed adopts a new inflation regime. 
How do you assure yourself that that future regime doesn’t 
find its way immediately into changing expectations for mar-
kets, households, and businesses? Might the regime shifting be 
tumultuous?

WILLIAMS: Well, luckily, we’ve got Rich Clarida in the room, who’s 
running this project. I think these are relevant concerns. First, 
what should the decision be? Does the current regime work 
well? What modifications are appropriate or not? How do we 
communicate that? How would we the transition work, etc.? I 
think these are all relevant concerns, and obviously we know 
at the Fed that markets are very sensitive to this issue. This is 



something that we hear a lot about. I do go back to something 
that both Andy [Lilley] and Ken [Rogoff] said earlier. And I’m 
not talking about negative interest rates. But if you really believe 
that the neutral real interest rate is something like half a percent, 
not only in the United States but in Europe and Japan and 
many other countries. If you assume that the lower bound, at 
least for now, until we figure out maybe other solutions, is a 
binding constraint on central banks, then you need to figure 
out a good strategy—a framework, a strategy, and an imple-
mentation for this, during these times when the economy is in 
a relatively benign place. We need to prepare, make the transi-
tion, and get all of that done, so that we’re in a better position 
when the next recession or a negative shock hits, so that we can 
effectively achieve our dual-mandate goals. It really gets back to 
making sure that monetary policy can be as effective as possible 
at achieving our goals in a future situation. And what exactly 
that entails, we’re going to be discussing over the next year, and 
then we’re obviously going to have to work very hard on explain-
ing and communicating anything that may or may not come out 
of that.
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