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Abstract

What measure of economic activity, if any, should central banks target in interest rate

rules? This paper analyzes the welfare consequences of responding to different measures of

real economic activity in simple interest rate rules in a conventional New Keynesian model.

Responding to the level of output is always welfare-reducing, while reacting to the level of the

output gap reduces welfare if cost-push shocks are sufficiently important. In contrast, reacting

to movements in the the growth rate of output improves welfare for most parameterizations,

specifications, and extensions of the model. Reacting to growth rates better anchors inflation

expectations, which works to improve the inflation-output gap tradeoff from the Phillips Curve.

∗I am grateful to Ruediger Bachmann, Olivier Coibion, Yuriy Gorodnichenko, Robert Lester, and seminar partic-
ipants at Notre Dame for many helpful comments which have substantially improved the paper.



1 Introduction

Interest rate rules, often called “Taylor Rules” after Taylor (1993), have become a ubiquitous

feature of mainstream macroeconomic models. These rules call for central banks to adjust interest

rates in response to changes in observable macroeconomic conditions. Though not necessarily fully

optimal, interest rate rules have good normative properties and yield intuitive and well-understood

restrictions to guarantee equilibrium determinacy.

In spite of their widespread application in dynamic stochastic general equilibrium (DSGE)

models, there is no set or widely agreed upon specification of Taylor-type rules. What is common

to most specifications of policy rules is for a strong reaction of interest rates to deviations of inflation

from target. There is considerably less agreement on which measure of economic activity, if any,

should enter into the policy rule. Taylor’s original specification featured interest rates rising in

response to increases in output above a statistical trend. Many papers instead assume that interest

rates are set as a function of the output gap, the deviation between the actual level of output

and its “natural rate” – the level of output that would obtain in equilibrium in the absence of

pricing frictions. This specification is usually justified on the grounds that it is the output gap that

matters for welfare, not output. Still other specifications of policy rules feature a positive response

of interest rates to output growth, either in place of, or addition to, the gap. This specification is

often justified on the grounds that output growth is putatively easier to observe in real time than

the output gap. Some authors argue against paying attention to any measure of economic activity

at all, and instead suggest that policy-makers pursue a policy of strict inflation targeting.

The purpose of this paper is to provide some insight into the simple but apparently unsettled

question: what measure of economic activity, if any, should appear in interest rate rules? This

question is not merely of academic interest for deciding what kind of Taylor rule specification to

include in a DSGE model of the economy. It is also of critical importance for thinking about policy

in the current zero lower bound environment. Figure 1 plots the actual behavior of the Federal

Funds rate over the period 1985-2012 (black line) along with the implied target level of the funds

rate for different policy rule specifications: one in which rates react to the output gap (blue line)

and one in which rates instead react to output growth (green line).1 The actual funds rate has

been at or near zero since the end of 2008. Under the gap specification, the implied target rate has

hovered between -1 and -2 percent (at an annualized rate) since that time. Implicitly or explicitly,

many who have called for additional monetary stimulus appeal to a picture like this, arguing that

nominal rates ought to be negative, and therefore support non-standard policies like quantitative

easing, forward-guidance, and “Operation Twist.” If the Fed were following the growth rate rule,

1To generate the implied target I assume a rule of the form: it = (1− ρi)̄i+ ρiit−1 + (1− ρi)(φπ(πt− π̄) +φx(xt−
x̄)+φ∆y (yt−yt−1)). πt is quarter-over-quarter inflation as defined by the GDP price deflator, xt is the CBO measure
of the log output gap, and yt is log real GDP. I use parameter values ρi = 0.8, and φπ = 1.5. In the gap specification
φx = 0.5 and φ∆y = 0. In the growth rate specification φx = 0 and φ∆y = 0.5. Variables with a “bar” denote sample
averages over the period 1985-2006. The coefficient values are not from any estimation or optimization, but rather
are just common values used in the literature and seem “reasonable” and are simply meant to be instructive. A
similar difference between the growth rate and gap specification emerges with different policy rule coefficients within
a considerable range. See, for example, Carlstrom and Fuerst (2012).
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in contrast, the implied target interest rate never actually goes negative, and only gets particularly

close to zero in the beginning of 2009. Under that rule, the target interest rate has been around

1 percent for the last three years, well above the actual funds rate. Relative to the growth rate

benchmark, the policies of the last several years would be too stimulative, and non-standard policies

may not look so desirable.

I examine the question of what measure of activity should be targeted in interest rates rules

in the laboratory of the textbook New Keynesian model. The friction giving rise to a welfare

justification for activist monetary policy in that model is price rigidity, which leads to inefficient

price dispersion among goods. In the most basic version of the model the equilibrium is character-

ized by two linearized equations: an equation describing the demand side of the model (sometimes

called the “IS curve”) and a Phillips Curve describing the relationship between the output gap and

inflation. The model is closed with a partial adjustment policy rule in which the current interest

rate is set as a convex combination of the lagged interest rate and the target rate, where the target

rate is a linear function of the deviations from steady state of inflation, the level of output, the

output gap, and the growth rate of output. A second order approximation to the household’s value

function gives rise to a loss function in the variances of inflation and the output gap and can be

used to evaluate the welfare effects of different parameterizations of the policy rule. There are three

exogenous shocks in the model economy: a preference shock to the IS curve, a productivity shock

which affects the flexible price level of output, and a “cost-push” shock to the Phillips Curve. The

cost-push shock can be given several different structural interpretations. Its presence is needed for

the monetary authority to face a non-trivial tradeoff between inflation and output gap stabilization.

Otherwise the “Divine Coincidence” (Blanchard and Gali, 2007) holds and the central bank can

stabilize the output gap through a policy of strict inflation targeting.

In Section 3, I begin by showing how the welfare loss due to price rigidity changes as the

parameters of the generalized policy rule are varied one at a time. Welfare is increasing in the size

of the response coefficient on inflation and is higher when there is more interest smoothing. Welfare

is everywhere decreasing in the size of the response coefficient on the level of output relative to

trend. Responding to the theoretical output gap also reduces welfare, provided cost-push shocks

are present. In contrast, there are welfare gains from responding positively to output growth in

the policy rule. I then numerically search for policy rule coefficients which minimize the welfare

loss from price stickiness.2 The optimized rule features no inertia, no response to either the level

of output or the output gap, and a strong positive response to output growth. The optimized rule

is rather “flat” in a couple of dimensions. For example, there is a fair degree of substitutability

between interest smoothing and responding to output growth. The policy rule achieves about the

same level of welfare when there is a large degree of smoothing and no response to output growth

as when there is no smoothing and a strong response to growth.

The exercises in Section 3 reveal two critical results: policy rules which respond to the output

2Even though one can give it that interpretation, I should emphasize that this paper is not simply about finding
“the” optimal policy rule, but rather more generally about exploring the parameter space of policy rules to understand
the welfare benefits and costs of reacting to different measures of economic activity.
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gap are welfare-reducing while reacting to growth rates improves welfare.3 These results may seem

non-intuitive at first because the variance of the output gap appears directly in the loss function,

while output growth does not. Adjusting interest rates in response to movements in the output

gap works to reduce gap variability and therefore seems like it ought to be welfare-improving. In

contrast, because of the “natural rate” property of the model, output growth is high when the

output gap is negative. Raising interest rates when output is below potential runs counter to

conventional stabilization logic.

The non-desirability of responding to the output gap in the policy rule depends on the presence

of cost-push shocks in the model. With cost-push shocks, stabilizing the output gap comes at the

expense of more inflation variability. In the approximation to the household value function, the

weight on gap variability relative to inflation is small for a wide range of reasonable parameteriza-

tions of the model. Therefore, gains from reducing movements in the output gap are outweighed

by higher inflation variability, leading to lower overall welfare. If there are no cost-push shocks,

in contrast, stronger responses to the output gap are welfare-improving, albeit only mildly so, and

when cost-push shocks are absent the welfare cost of price rigidity is very low. A natural question

is how important cost-push shocks must be in the model for responding to the output gap in the

policy rule to be non-desirable. For the baseline parameterization of the model, I trace out the

parameters (persistence and innovation variance) of the cost-push shock process for which reacting

to the output gap does not lower welfare. I find that if cost-push shocks account for more than five

percent of total output volatility then positive response coefficients to the output gap in the policy

rule reduce welfare.

The beneficial welfare effects of responding to output growth do not rely on the presence of

cost-push shocks, though the benefits of doing so are larger when these shocks are present. To

understand the intuition for this result it is important to note that the Phillips Curve is forward-

looking, with current inflation depending not only on the output gap and the cost-push shock but

also on expected inflation. Policies which better “anchor” expected inflation allow the economy

to achieve more preferred “menus” of current inflation and the output gap. By effectively tying

current policy to the past, reacting to the growth rate of output works to better anchor expected

inflation. To fix ideas, suppose that the economy is hit by an adverse shock which moves output

well below potential. In a rule which responds positively to output growth, the central bank can

lower interest rates immediately (when output growth declines) with an implicit promise to raise

them in the future when output growth turns positive as the economy heads back to potential and

the output gap closes. This implicit promise of a future anti-inflationary stance keeps expected

inflation at bay and presents the central bank with a better current inflation/gap tradeoff.

Section 4 considers a number of extensions to the baseline New Keynesian model. These include

3An additional benefit of responding to growth rates is that it is more likely to lead to a determinate rational
expectations equilibrium. The literature seems to have settled on the conclusion that determinacy is more likely
when there are more backward-looking terms in the policy rule; see, e.g., Woodford (2003) and Carlstrom and Fuerst
(2005). Coibion and Gorodnichenko (2011a) show that responding to the level of the output gap can be de-stabilizing
when there is positive trend inflation, while Coibion and Gorodnichenko (2011b) show that responding to output
growth lowers the required response coefficient on inflation necessary to guarantee determinacy.
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arbitrary welfare weights, habit formation in consumption, indexed price-setting, positive trend

inflation, the effects of the zero lower bound, and adding capital to the model. The welfare-

theoretic weight on the variance of the output gap in the loss function is very small in the baseline

New Keynesian model. I show that it remains non-optimal to respond to the output gap in the

policy rule unless the weight on the gap in the central bank loss function is roughly ten times

larger than what is implied by the approximation to the household value function. Even then, it

continues to be optimal to have a stronger response to output growth than to the gap in the policy

rule unless the relative weight on gap fluctuations is near one. In the remainder of the extensions it

is welfare-reducing to respond to the output gap in the policy rule. The welfare benefits of reacting

to output growth arise due to the forward-looking nature of the model, and so the welfare benefits

of reacting to output growth in the policy rule are smaller under extensions which make the model

more backward-looking (habit formation and price indexation) and larger when the model is more

forward-looking (positive trend inflation). Though my welfare calculations do not take into account

zero lower bound, which can be quite costly (Coibion, Gorodnichenko, and Wieland, 2012), I show

that the probability of hitting the zero lower bound is increasing in the response coefficient to the

output gap and decreasing in the coefficient on output growth. In the model with capital it remains

optimal to react to output growth in the policy rule. Interestingly, interest smoothing ceases to be

as desirable. Whereas in the model without capital interest smoothing and responding to growth

are somewhat substitutable, with capital capital a stronger response to lagged interest rates makes

reacting to output growth in the policy rule even more desirable from a welfare perspective.

This paper is closely related to several different papers in the literature on monetary policy

design within the New Keynesian framework. Clarida, Gali, and Gertler (1999) provide a compre-

hensive discussion of the optimal targeting rules under both discretion and commitment in the basic

New Keynesian model. Woodford (2001) and Svennson (2003) examine how basic Taylor type rules

perform from the perspective of optimal policy. Woodford (1999), Woodford (2003), Carlstrom

and Fuerst (2008), and Giannoni (2012) discuss the advantages of inertia in policy rules. Papers

that study the empirical fit of Taylor type interest rate rules include Judd and Rudebusch (1998);

Clarida, Gali, and Gertler (2000); Orphanides (2001); Rudebusch (2006); Pappell, Molodtsova,

and Nikolsko-Rzhevskyy (2008); and Coibion and Gorodnichenko (2012). Papers that emphasize

the empirical relevance of interest rate rules reacting to output growth as opposed to an output

gap include Ireland (2004), Coibion and Gorodnichenko (2011b), and Fernandez-Villaverde (2010).

Carlstrom and Fuerst (2012) empirically study historical behavior of interest rates, and argue that

a gap specification of the Taylor rule fits better than a rule which responds to output growth.

The present paper is similar to Schmitt-Grohe and Uribe (2007) as well as to Walsh (2003);

Levin, Wieland, and Williams (1999); Orphanides (2002); and Orphanides and Williams (2006);

and Faia and Monacelli (2007). In contrast to much of the literature on optimal policy, and similar

to the exercises I conduct in this paper, Schmitt-Grohe and Uribe (2007) study the properties of

“simple and implementable” rules in which interest rates are constrained to react to only a handful

of easily observable variables.4 A central result in their paper is that policy should not respond

4This also stands in contrast to some of the optimal rules derived in Woodford (2003), which often feature
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to output. I reach a similar conclusion with respect to output, but I also consider responding

to the output gap, which they do not. As noted above, responding to the output gap turns out

to be welfare-reducing if cost-push shocks, which are not present in their paper, are sufficiently

important. Walsh (2003) studies optimal monetary policy under commitment and discretion. He

shows that a myopic central bank that acts under discretion will implement the socially optimal

policy under commitment if it is presented with a loss function that seeks to minimize variation

in output gap changes as opposed to the level. The intuition for how this result arises is similar

to that discussed above: by making current policy contingent on the past, focusing on growth

rates as opposed to levels better anchors inflation expectations. Walsh (2003) does not consider

including output growth either in place of or in addition to the output gap in a simple interest rate

reaction function, however. Faia and Monacelli (2007) look at optimal policy rule coefficients in a

model with credit frictions. Levin, Wieland, and Williams (1999) undertake a similar exercise to

Schmitt-Grohe and Uribe (2007) in several different empirically motivated monetary models. They

do not consider policy rules which react to the output growth rate.

Orphanides (2002) and Orphanides and Williams (2006) stress that the theoretical output

gap is not directly observable. Orphanides (2002) argues that responding to mis-measured gaps

contributed to economic instability in the 1970s, and Orphanides and Williams (2006) argue that

“difference” rules can work to reduce instability by reducing measurement error. McCallum (2001)

makes similar arguments concerning the observability of the true output gap. In contrast to these

papers, in the present paper I show that responding to the true output gap can be welfare-reducing

even in the absence of measurement error, while responding to output growth can be welfare-

improving.5 To the extent to which the output gap is measured with error, the results about

responding to output growth in favor of the output gap would likely be even stronger.

The remainder of the paper is organized as follows. Section 2 lays out the basic New Keynesian

model. Section 3 examines the welfare consequences of simple interest rate reaction functions in

the context of the NK model and finds the optimal parameter configuration for the policy rule.

Section 4 considers a number of extensions. The final section concludes.

2 The Basic New Keynesian Model

This section lays out the baseline New Keynesian model. The text only presents the equilibrium

conditions log-linearized about the zero inflation steady state. For a complete derivation, please

refer to Appendix A or the textbook treatments in Woodford (2003), Gali (2008), or Walsh (2010).

The non-monetary side of the economy is characterized by two main equations: an equation

characterizing aggregate demand and an aggregate supply relation.6 These are:

complicated lag structures. In this paper I focus on simple rules which rule out complicated lag structures by
assumption.

5Another difference is that the Orphanides (2002) and Orphanides and Williams (2006) papers employ empirical
models of the economy, modeling the joint dynamics of inflation and unemployment. While similar to the New
Keynesian model, these specifications lack explicit micro foundations. As a consequence the welfare weights in the
loss function are arbitrarily chosen.

6As is common in much of this literature, I am abstracting from money altogether, so implicitly referring to a
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yt = Etyt+1 −
1

σ
(it − Etπt+1) +

1

σ
(1− ρν)νt (1)

πt = κxt + βEtπt+1 + ut (2)

Equation (1), sometimes called the “New Keynesian IS curve,” is derived from log-linearizing

the representative household’s consumption Euler equation and imposing the aggregate accounting

identity that, in the baseline model with no capital, all output must be consumed. The variable yt

is the log deviation of output from its non-stochastic steady state, e.g. yt = lnYt − lnY ∗, and it is

the nominal interest rate relative to its steady state, e.g. it = it− i∗. The variable νt is a preference

shock to the utility of consumption and serves as a demand shock. It follows an AR(1) process in

the log with autoregressive parameter ρν . σ is the coefficient of relative risk aversion.

The second equation is the New Keynesian Phillips Curve. xt refers to the output gap, the gap

between the actual level of output and the level of output that would obtain if prices were fully

flexible, e.g. xt = yt − yft . The flexible price level of output is a second best construct, differing

from the efficient level of output due to the monopoly distortion that gives rise to pricing power. I

assume that there exist Pigouvian taxes to offset this wedge, bringing the flexible price and efficient

levels of output into alignment, e.g. yft = yet . β is the household’s discount factor and κ is a reduced

form parameter reflecting the degree of price stickiness. Under Calvo (1983) pricing, it is given by:

κ =
(1− ϕ)(1− ϕβ)

ϕ
(σ + η)

The parameter ϕ ∈ (0, 1) is the probability that a firm will not be able to adjust its price in any

period. Larger values of ϕ therefore represent more price rigidity. The parameter η is the inverse

Frisch labor supply elasticity, with (σ + η) representing the elasticity of real marginal cost with

respect to the output gap under standard additively separable and isoelastic preferences.

The random variable ut in the Phillips Curve is a “cost-push” shock. One interpretation of ut,

discussed further in the Appendix as well as in Ireland (2004), is that it represents exogenous time

series variation in desired markups of price over marginal cost. Alternative interpretations include

anything which drives a time-varying wedge between the efficient and flexible price levels of output.7

As long as the source of movements in ut is independent of monetary policy, a precise interpretation

is not necessary for the purposes of characterizing the welfare implications of different policies. The

presence of ut is nevertheless critical for monetary policy to face a non-trivial inflation-output

tradeoff: without such shocks, a central bank can close the output gap with a policy of complete

inflation stabilization, the so-called “Divine Coincidence” (Blanchard and Gali, 2007).

There are three exogenous shocks which buffet the economy: a productivity shock, zt; the

preference shock, νt, and the cost-push shock, ut. These each are assumed to follow AR(1) processes

“monetary” side of the economy is a bit of a misnomer. As shown by Carlstrom and Fuerst (2001), for example,
abstracting from money may or may not be innocuous from the perspective of equilibrium determinacy.

7Gilchrist and Leahy (2002) and Carlstrom, Fuerst, and Paustian (2010) show that net worth shocks are another
potential source of the cost-push shock.
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in the log (variables are denoted as log deviations about non-stochastic means):

zt = ρzzt−1 + szez,t (3)

νt = ρννt−1 + sνeν,t (4)

ut = ρuut−1 + sueu,t (5)

The shocks, ej,t, j = z, ν, u, are drawn from standard normal distributions, with sj , j = z, ν, u, the

standard deviations of the shocks. The autoregressive parameters are all assumed to lie strictly

between 0 and 1. The flexible price level of output can be related to the exogenous disturbances

as follows:

yft =

(
1 + η

σ + η

)
zt +

(
1

σ + η

)
νt (6)

A second order approximation of the representative agent’s value function gives rise to a simple

quadratic loss function of the form:8

W = −ΩEt

∞∑
j=0

βjLt+j (7)

Lt+j = π2
t+j + λx2

t+j (8)

This loss function measures the welfare loss due to price rigidity. Its units are constructed such

that it measures the fraction of steady state consumption that one would need to give up in the

flexible price economy to have the same welfare as in the sticky price economy. In terms of the

underlying structural parameters of the model, the coefficients of the loss function are given by:

Ω =
θ(σ + η)

2κ

λ =
κ

θ

The parameter θ > 1 is the elasticity of substitution between goods. λ measures the weight placed

on the squared output gap relative to squared inflation.

Simple interest rate rules are a kind of instrument rule since they describe how a central bank’s

main instrument (a short term interest rate) ought to be set as a function of macroeconomic

conditions. There is also a substantial literature that studies optimal monetary policy in the form

of targeting rules. Targeting rules provide conditions on endogenous variables that ought to be

satisfied so as to maximize some version of a loss function like that described in (7). Although the

focus of this paper is on the welfare consequences of interest rate rules, it is useful to discuss the

8As discussed in Walsh (2010), this welfare function will be appropriate when there is a first order approximation
to the equilibrium conditions of the model because any higher order terms in the approximation will be greater than
order 2 due to the squaring in the loss function. It is straightforward to verify that this loss function yields nearly
identical welfare losses as taking a second order approximation to the non-linear equilibrium conditions of the model,
as in Schmitt-Grohe and Uribe (2007).
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optimal targeting rules for point of comparison. This exercise will prove useful in gaining intuition

later for the welfare consequences of different terms appearing in interest rate rules.

In characterizing optimal targeting rules, I consider the case of both commitment and discretion.

Under discretion, a central bank solves (7) subject to the constraint of the Phillips Curve period-by-

period, with no ability to commit to a plan for future targets. Under commitment the central bank

can commit to a time path of the targets going forward into the future. The first order conditions

under discretion and commitment, are, respectively (pt = πt + pt−1 is the price level):

xt = −κ
λ
πt (9)

Etxt+j = −κ
λ
Et(pt+j − pt−1) (10)

Both of these conditions have a similar “lean against the wind” flavor. There is an important

difference, however. In the case of discretion, the central bank allows the output gap to decline if

inflation rises above target. In the case of commitment, in contrast, the output gap is allowed to

decline if the price level is above its implicit target (the price level from the “beginning of time,”

pt−1). By targeting a price level rather than inflation, the central bank pre-commits to “correcting”

past misses on its inflation target, whereas under discretion “bygones are bygones.” By committing

to correct past mistakes, the central bank better anchors future inflation expectations, thereby

improving the current inflation-gap tradeoff from the Phillips Curve. This turns out to be the

source of the welfare gains from commitment.

Conditions (9) and (10), in conjunction with the Phillips curve, make clear the important role

played by the cost-push shock. If ut = 0, then xt = πt = 0 would satisfy both (9) as well as

the Phillips Curve. This would mean that the central bank could effectively eliminate any welfare

distortions from price rigidity by simply stabilizing prices, and that there would be no gain from

commitment.

3 Interest Rate Rules and Welfare

Most applied papers assume relatively simple interest rate rules as a description of monetary policy.

Such rules provide a good empirical description of actual central bank behavior and, though not fully

optimal, have desirable normative properties. The implementation of optimal targeting rules places

large informational burdens on central banks, where it is necessary to know the underlying structure

of the economy and the specific shocks hitting it. Simple rules only require central banks to move

interest rates in response to a handful of more easily observable series. In addition, the conditions

under which interest rate rules give rise to a determinate rational expectations equilibrium are well

understood.

With some abuse of terminology, I will refer to interest rate rules as “Taylor rules” following the

seminal contribution in Taylor (1993). Taylor’s original rule, which he took to be both descriptive of

and proscriptive for actual policy, called for nominal interest rates to adjust more than one-for-one

to deviations of inflation from target and positively to deviations of output from a statistical trend.
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Though Taylor’s rule pre-dates their full development, it has become a centerpiece of modern New

Keynesian models, both the baseline small model presented in the previous section as well as larger

scale models, like Smets and Wouters (2007). What is common to most specifications of interest rate

rules is a strong response of nominal interest rates to inflation. There is considerably more variation

in other elements of the rule. It is common to see rules featuring inertia, with the current interest

rate a function of the lagged rate in addition to macroeconomic conditions. Many specifications

of the rule replace detrended output with the theoretical output gap, xt. This is justified on the

grounds that it is fluctuations in the output gap that matter for welfare, not output. Finally,

it is also common to see rules in which the central bank reacts to the growth rate of output,

either in place of, or addition to, the output gap – see, among others, Ireland (2004), Coibion and

Gorodnichenko (2011a), Coibion and Gorodnichenko (2011b), and Fernandez-Villaverde (2010).

Consider the following generalized specification of a Taylor type interest rate rule:

it = ρiit−1 + (1− ρi)iTt , 0 ≤ ρi < 1

iTt = φππt + φyyt + φxxt + φ∆y∆yt (11)

In this specification the actual interest rate is set as a convex combination of the previous period’s

rate and the target rate, iTt . All variables are either deviations or log deviations from trend, and

are hence mean zero. The parameter ρi measures the degree of interest smoothing and the target

rate, iTt , is expressed as a linear function of inflation, output, the output gap, and output growth.9

This rule nests Taylor’s original specification when ρi = φx = φ∆y = 0. I require that φπ > 1 and

that all other parameters be non-negative.10

I solve the model presented in the previous section for different versions of the generalized policy

rule, (11), and compute the welfare losses relative to the flexible price benchmark. Solving the model

requires picking parameter values. The unit of time is taken to be a quarter, so β = 0.99. I set the

coefficient of relative risk aversion, σ, to 2, and the inverse Frisch labor supply elasticity, η, to 1.

The Calvo parameter, ϕ, is set to 0.75, implying an average duration between price changes of one

quarter. The elasticity of substitution among goods is set at θ = 10, implying a steady state desired

markup of price over marginal cost of 11 percent, in line with the estimates in Basu and Fernald

(1997). These parameterizations imply that the slope of the Phillips Curve is κ = 0.2575 and the

weight on the output gap in the loss function, (8), of λ = 0.025. I set the persistence parameters

governing the exogenous process, (3)-(5), all equal to 0.95, e.g. ρz = ρν = ρu = 0.95. The shock

standard deviations are set to sz = 0.01, sν = 0.02, and su = 0.002. The parameterization of the

shock processes is roughly consistent with the (equivalent) values frequently used in the literature.

As parameterized, each of the shocks contributes about one-third of the total unconditional variance

9I later also consider “difference” and “inertial” rules in which ρi ≥ 1. In an earlier version of the paper I also
allowed a response to the growth rate of the output gap. This turns out to have similar effects as responding to
output growth and is hence omitted.

10The so-called “Taylor principle” calls for the central bank to raise nominal interest rates more than one-for-one
with movements in inflation. Though originally articulated informally, something similar to the Taylor principle is
required for equilibrium determinacy in modern forward-looking New Keynesian models. φπ > 1 is a slightly stronger
restriction than is necessary to achieve determinacy, as determinacy also depends on the other response coefficients.
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of output when I assume that φπ = 1.5 and all other parameters of the interest rate rule are set

to zero. The standard deviation of HP filtered (smoothing parameter 1600) output with this

parameterization of the model is 0.016 and its first order autocorrelation coefficient is 0.75, both

roughly consistent with post-war US data.

Table 2 shows expected welfare losses (multiplied by 100) and the standard deviations of infla-

tion, the output gap, and the nominal interest rate (also multiplied by 100) for different arbitrary

specifications of the policy rule.11 The welfare loss is relative to a hypothetical benchmark with

flexible prices. The numbers have the interpretation as the fraction of steady consumption one

would be willing to give up each period in the flexible price economy to achieve the same average

welfare as in the sticky price economy. For point of comparison the table also shows the welfare

losses and volatilities implied by the optimal targeting regimes under either commitment or discre-

tion. The welfare loss under commitment represents the global minimum of the objective function

and implies a welfare loss due to price stickiness of only about 0.1 percent of steady state consump-

tion. The loss under discretion is only slightly worse. Most of the welfare gains of moving from

discretion to commitment occur due to lower inflation volatility (0.06 vs. 0.24) as opposed to gap

volatility (2.42 vs. 2.43).

The remainder of Table 2 presents welfare statistics from different parameterizations of the

interest rate rule. Consider as a benchmark a rule with a coefficient on inflation of φπ = 1.5,

no smoothing, and no responses to any measure of economic activity. These results are shown in

row (a). The welfare loss is quite a bit bigger (-0.30) than under either optimal targeting regime.

The simple Taylor rule actually achieves lower gap volatility than either optimal targeting regime,

but at the expense of more inflation volatility. Increasing the response coefficient on inflation to

φπ = 2.5 leads to a significant welfare improvement, leading the Taylor rule to outperform the

optimal discretionary policy (welfare loss of -0.12). Statistics from augmenting the baseline rule

with a positive response coefficient on the gap are shown in row (d). Responding to the gap results

in large welfare losses relative to the baseline, with the welfare loss almost an order of magnitude

larger when φx = 0.5 than when φx = 0. The welfare losses are even higher when instead there is a

positive response coefficient to the level of output, as row (f) shows. Responding to either the gap

or output lowers gap volatility at the expense of substantially more inflation volatility. Row (h)

shows that there are welfare gains to be had from a positive response coefficient on output growth,

with the average welfare loss improving from -0.30 in the baseline to -0.25 in row (f). A positive

response coefficient on output growth lowers both gap and inflation volatility. Finally, welfare is

higher in all of these specifications when there is explicit interest smoothing, with ρi = 0.75.

Figure 2 shows how the welfare losses from price stickiness vary as the parameters of the policy

rule are changed one at a time relative to the benchmark rule with only a positive response to

inflation. There are large welfare gains to be had from moving from a very small response to

inflation (φπ = 1.01) to a larger response, as the upper left panel of the Figure shows. Though

welfare appears to be everywhere increasing in φπ (at least over a reasonable range), the welfare

11Taking the unconditional expectation of (7)-(8), the average welfare loss of the period utility function is
−Ω(var(πt) + λvar(xt)).
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gains from a stronger response coefficient to inflation dissipate fairly quickly. In the upper right

panel one observes that welfare is everywhere decreasing in the response coefficient on the output

gap. Furthermore, the welfare losses from responding to the output gap can be large, reaching up

to six percent of steady state consumption for values of φx around 0.9. In the lower left panel one

sees that welfare is increasing in the response coefficient on the output growth rate up until a value

of about 0.85. In the lower right panel we see that welfare is also increasing in the coefficient on

the lagged nominal interest rate up to a point. Because of the the partial adjustment nature of the

rule, at some point the benefits of interest smoothing are offset by the lower short-run response to

inflation.12 The welfare gains from interest smoothing are similar to the gains from responding to

output growth, a point to which I will return below. The welfare losses from responding to output

are large and similar to those from responding to the output gap and are thus omitted.

The results shown in Table 2 and Figure 2 suggest that there are potential welfare gains to be

had from responding to output growth and the lagged nominal rate in the policy rule. In contrast,

responding the output gap seems to reduce welfare. Since output gap variability shows up directly

in the loss function, it seems odd that responding directly to it would be welfare-reducing. It seems

especially non-intuitive that responding to output growth could increase welfare. Because of the

“natural rate” property of the model, which implies that Etxt+j → 0 as j increases, output growth

is high (low) when the output gap is negative (positive). Raising interest rates when output is

below potential and output growth is high runs counter to traditional stabilization logic.

To get a better grasp of the intuition for these effects, Figure 3 plots impulse responses to a

cost-push shock under three different policy regimes: the baseline Taylor rule with φπ = 1.5 and all

other parameters equal to zero (solid lines), the optimal policy under commitment (dashed lines),

and alternative versions of the Taylor rule with positive response coefficients to output growth, the

gap, or the lagged interest rate (dotted lines). One could also show responses to the other two

structural shocks in the model economy, but the cost-push shock is the most interesting because

it is the only shock that generates a non-trivial tradeoff for the central bank. The figures plot the

impulse responses of inflation, the output gap, the nominal interest rate, and expected inflation.

The welfare differences among the different policy regimes can be best grasped by looking at the

impulse response of expected inflation. Looking at the Phillips curve (2), for a given cost-push

shock, the central bank can achieve a “better” current inflation/output gap combination the lower

is the response of expected inflation.

Under the baseline Taylor rule, the positive cost-push shock generates an increase in inflation

and a decline in the output gap. The central bank responds by increasing nominal interest rates

for an extended period, and there is a large increase in expected inflation. This response differs

substantially from the optimal policy under commitment, in which the central bank initially cuts

12As noted in Footnote 8, I later consider difference and super-inertial rules which do not impose the partial
adjustment specification. Writing the rule with the response coefficient on inflation of (1 − ρi)φπ imposes that the
long run response of the nominal interest to a permanent change in inflation is invariant to ρi and held fixed at
φπ. The greater inertia of course means that the short run response is smaller as ρi increases and φπ is held fixed.
For equilibrium determinacy what matters is the long run response of interest rates to inflation, not the short run
response.
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nominal interest but then raises them later. This implicit promise to raise interest rates in the

future keeps expected inflation from rising very much, and leaves the central bank with a better

inflation/gap tradeoff. The economy ends up with a much lower initial increase in current inflation

and a smaller decline in the output gap.

The upper panel of the figure plots in the dotted line the impulse responses to a cost-push

shock when the central bank responds positively to output growth, with φ∆y = 0.5. Like in the

case of optimal commitment, the central bank initially cuts rates (when output growth declines)

but promises to raise them in the future (when output growth increases). This results in a smaller

increase in expected inflation relative to the baseline Taylor rule, which results in “better” impulse

responses of inflation and the output gap. The upper right panel shows response when there is

instead a positive response coefficient to the output gap, with φx = 0.5. Though this results in a

smaller decline in the output gap, it portends significantly higher expected inflation and results in a

much larger increase in current inflation. The bottom panel shows responses to the cost-push shock

when the Taylor rule features smoothing, with ρi = 0.75. This specification results in responses

that look fairly similar to the case in which the policy rule reacts to output growth, with smaller

overall increases in both inflation and the output gap.

What distinguishes the specifications in which φ∆y > 0 or ρi > 0 from either the baseline policy

rule or the rule which reacts to the output gap is that current policy is tied to the past – either

explicitly through dependence on it−1 or implicitly through output growth, which is ∆yt = yt−yt−1.

By tying policy to the past, such rules work to better anchor inflation expectations. One can see

this explicitly in the case of the growth rate rule, where responding to growth allows the central

bank to immediately cut rates while promising to raise them in the future, thereby keeping expected

inflation from rising too much. Responding to the lagged interest rate commits the central bank

to moving slowly, which also helps to better anchor inflation expectations.

3.1 Optimized Rules

Having shown how welfare changes as parameters of the policy rule are varied in a somewhat

ad-hoc fashion, in this subsection I choose the parameters of the policy rule with the explicit

intention of minimizing the welfare loss due to price stickiness. Specifically, I search numerically

for values of (ρi, φπ, φx, φ∆y) to minimize the loss function given in (8). I restrict the parameters

such that φπ ∈ (1.01, 2.5), ρi ∈ (0, 0.99), and the coefficients on the output gap and output growth

are restricted to the interval (0,1.5).13 I do not search for the response coefficient on output, as

responding to output always lowers welfare if either the productivity or preference shocks have

non-zero innovation variances.

Row (a) of Table 3 shows the optimized policy rule coefficients and minimized value of the loss

function. The optimal policy rule features a large response to inflation (φπ = 2.5) and a strong

response to the output growth rate, φ∆y = 0.51. There is no response to the output gap or to

13In general, higher values of φπ than 2.5 will improve welfare, albeit only modestly. A coefficient of 2.5 is on the
outer range of empirical estimates, and capping this coefficient at a higher value does not substantially affect the
other optimized coefficients.
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the lagged nominal interest rate. The value of the objective function is -0.1129, meaning that the

welfare loss due to price stickiness is about 0.1 percent of steady state consumption. Comparing

this number to the numbers from Table 2, one sees that the optimized policy rule does substantially

better than the baseline rule, better than the optimal discretionary policy, and almost as well as

the optimal policy under commitment.

The welfare loss function turns out to be relatively flat in several dimensions. Rows (b)-(e)

show optimized policy rules under various coefficient restrictions. In row (b) I restrict the central

bank to not respond to output growth. The policy rule compensates by featuring a good deal

of inertia, and achieves only a slightly worse outcome than in the unrestricted case. Row (d)

shows coefficients when I restrict the interest smoothing term to be ρi = 0.75, There the optimized

policy rule features a smaller response to output growth (0.08), no response to the output gap,

and performs only slightly worse than the unrestricted rule. Rows (c) and (e) show optimized

coefficients when I restrict φπ = 1.5, the coefficient originally recommended by Taylor. In row (c)

the optimized rule compensates with strong inertia and a somewhat smaller response coefficient on

output growth, whereas in row (e), where I also restrict ρi = 0.75, the rule compensates by having

a stronger response coefficient on output growth than in (d). There appears to be something of

a tradeoff between responding to the lagged interest rate and the output growth rate, with both

having similar welfare effects. This point will be taken up in further detail in subsection 3.3. What

is common in all specifications is that it is optimal to not respond to the output gap, which will be

explored further in subsection 3.2.

Table 4 repeats the exercise of finding the optimal policy rule coefficients under various different

parameterizations of the non-policy side of the model.14 In all of these robustness checks it is

optimal to have a positive response coefficient to output growth and no response to the output

gap. It is sometimes optimal to respond to the lagged interest rate, where again there seems to be

some substitutability between interest smoothing and responding to output growth. To make the

exercise somewhat clearer, I conduct both an unrestricted (middle panel) and restricted (right panel)

optimization routine, where in the restricted exercise I force ρi = 0. This does not have much of an

effect on the optimized loss function, but makes it easier to interpret how the optimized response

coefficient on output growth varies with the non-policy parameters. In all parameterizations it is

optimal to have a strong response to inflation. The optimized response coefficient on output growth

is increasing in the amount of price stickiness (ϕ), increasing in the coefficient of risk aversion (σ),

increasing in the Frisch labor supply elasticity (η−1), and increasing in the discount factor (β).

Lower values of the elasticity of substitution between goods, θ, are associated with higher values of

the response coefficient on output growth, though this effect is modest. The optimizing response to

output growth is increasing in the magnitude of cost-push shocks su, decreasing in the importance

of IS shocks (sν), and roughly invariant to the size of productivity shocks (sz). The optimized

response coefficient on output growth is decreasing in the persistence of productivity shocks (ρz)

and cost-push shocks (ρu), and increasing in the persistence of IS shocks (ρν).

14This table omits information about the optimized value of the loss function and volatilities of inflation and the
gap. With different parameter values of the non-policy block of the model these numbers are not directly comparable.
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The bottom panel of Table 3 shows optimized policy rule coefficients for different versions of

the Taylor rule. The non-policy parameters are set at their benchmark values for these exercises.

Rows (f) and (h) show optimized coefficients for a forward-looking and backward-looking version of

the generalized policy rule. In the forward-looking rule all terms on the right hand side of (11) are

led one period; in the backward-looking specification all are lagged one period. Both the forward-

looking and backward-looking rules achieve about the same level of welfare as the baseline rule.

Both feature a strong response to inflation, no response to the output gap, and a positive response

coefficient on output growth. The optimal response to output growth is higher in the forward-

looking specification than in the baseline, and lower in the backward-looking specification relative

to the contemporaneous version of the rule. Both forward- and backward-looking specifications

feature non-zero interest inertia. Similarly to the contemporaneous version of the rule, responding

to the lagged interest rate has similar welfare effects as responding to output growth. Restricting

ρi to be zero, as in rows (g) and (i), is compensated for with a stronger response to output growth

and little or no welfare loss.

Woodford (2003) and Giannoni (2012) have argued for the benefits of so-called “super-inertial”

rules with ρi ≥ 1. The last two rows of Table 3 amend my specification of the policy rule so as to

accommodate this change. To allow the response coefficients on inflation and economic activity to

be positive, this requires dropping the (1− ρi) in front of the target rate specification, so that the

policy rule is no longer technically one of “partial adjustment.” Row (j) shows results when ρi is

restricted to be 1, so that the rule is a “difference” rule.15 This specification features no response

to either the output gap or output growth. Row (k) shows results for a so-called “super-inertial”

rule, in which ρi is allowed to exceed unity. The optimal coefficient on ρi is nevertheless close to

one, and achieves roughly the same welfare as the difference specification. Both the difference and

super-inertial rules achieve a lower welfare loss than the optimized partial adjustment specification,

though the differences are trivial, with the welfare gains amounting to about 0.002 percent of steady

state consumption.

3.2 Responding to the Output Gap

An important result of the paper is that responding to the output gap reduces welfare. Given that

gap variability directly enters the loss function, it may seem odd that a more vigorous response to

the gap is welfare-reducing. As shown in Tables 2 and 3, the basic formulation of the Taylor rule

is biased towards gap stabilization, even when the output gap does not directly show up in the

rule. Because of the presence of cost-push shocks, the central bank faces a non-trivial inflation/gap

tradeoff, and further stabilizing the gap comes at the cost of more inflation volatility. Given the

low relative weight on the variance of the gap in the loss function, this works to lower welfare.16

15With ρi ≥ 1 all that is required for determinacy is that φπ > 0. The “long run” response of the interest rate to a
movement in inflation is much larger in the difference and super-inertial rules than in the baseline specification. As
such, I restrict φπ ∈ (0, 1) to make the results more comparable.

16Carlstrom, Fuerst, and Paustian (2010) briefly make a similar point in a New Keynesian model with net worth
shocks, but do not pursue it in much detail.
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The non-desirability of responding to the output gap depends on the presence of the cost-

push shock. Without this shock, the “divine coincidence” (Blanchard and Gali, 2007) holds, and

stabilizing the gap instead works to further stabilize inflation. Figure 4 shows how welfare changes

as φx and φ∆y are varied relative to the benchmark rule, but unlike Figure 2 the variance of the

cost-push shock is set to zero, su = 0. Here we see that it is optimal to respond to the output gap,

with larger values of φx leading to a less negative welfare loss. The desirability of responding to

output growth does not depend on the presence of cost-push shocks, however: even without these

shocks, responding to output growth is welfare-increasing up to a coefficient of about 0.4. Without

cost-push shocks, the welfare cost of price rigidity is very low; even in the non-optimized Taylor

rule, this loss amounts to less than 0.1 percent of steady state consumption.

How important must cost-push shocks be for it to be non-optimal to respond to the output

gap? The overall importance of cost-push shocks depends on both the innovation variance, s2
u, and

the persistence parameter, ρu. Figure 5 plots in the left panel the combinations of (su, ρu) for

which moving from a zero response to the output gap to a small positive response has no effect on

welfare.17 At combinations above and to the right of the curve responding to the output gap is

welfare-reducing. The baseline parameterization with su = 0.002 and ρu = 0.95 is well above the

curve. The right panel plots the contribution of cost-push shocks to the forecast error variance of

output at the parameter values along the curve in the left panel. If (su, ρu) are such that cost-

push shocks contribute anything more than five percent to the forecast error variance of output,

it is welfare-reducing to respond to the output gap. In the baseline parameterization the standard

deviation of HP detrended output is 1.7 percent. For this level of total volatility, at a five percent

variance share cost-push shocks would generate essentially no output volatility. In other words, if

cost-push shocks have any importance at all, responding to the output gap in the policy rule is

welfare-reducing.

There are several papers in the literature which also argue against responding to the output gap

– see, for example, McCallum (2001), Orphanides (2002), and Orphanides and Williams (2006).

These papers base this argument on the grounds that the central bank may have difficulty in

observing the theoretical output gap, particularly in real time. To the extent to which the gap is

observed with imprecision, these errors manifest themselves as shocks to the policy rule, which are

strictly welfare-reducing. In contrast, I have shown that responding to the output gap is welfare

reducing (if cost-push shocks are at all important), even if the output gap is observed perfectly.

Introducing measurement error would only serve to strengthen this conclusion.

3.3 Interest Smoothing or Output Growth?

Responding to output growth and the lagged interest rate have similarly beneficial welfare effects

in Taylor rules. A policy rule with no smoothing and a strong response to output growth achieves

essentially the same welfare outcome as a strongly inertial rule with no response to output growth.

17Specifically, for a grid of values of ρu ∈ (0, 1), I numerically search for the value of su for which moving from
φx = 0 to φx = 0.05 has no effect on welfare using the baseline parameterization of the model and φπ = 1.5, with no
interest smoothing and no response to output growth.
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The reason that responding to output growth and the lagged rate are fairly substitutable from a

welfare perspective becomes clearer by looking at the Euler/IS equation (1). Lagging it one period,

ignoring the preference shock (e.g. νt−1 = 0), and replacing expectation operators with a rational

expectations error term, εt, one observes:

yt − yt−1 =
1

σ
it−1 −

1

σ
πt + εt

In other words, current output growth is proportional to the lagged nominal interest rate and

current inflation. A positive response coefficient on output growth is therefore like having a larger

response to the lagged interest rate (though a smaller response to current inflation). One might

be tempted to therefore conclude that there are no welfare gains to be had from targeting output

growth in a policy rule – the central bank can simply commit to more smoothing and ignore real

economic activity altogether and achieve the same welfare (or even slightly better in the case of

super-inertial rules).

The conclusion that reacting to output growth and the lagged rate are roughly interchangeable

breaks down if I amend the Taylor rule to include monetary policy shocks. In particular, let the

actual interest rate evolve according to:

it = ρiit−1 + (1− ρi)iTt + εi,t (12)

εi,t is an exogenous policy shock, representing some deviation from the policy rule unrelated to

current economic conditions. One interpretation could be that it represents a mis-measurement of

current conditions in the target rule specification. In the model as written down, policy shocks are

strictly welfare-reducing, leading to more inflation and gap variability.

If one takes policy shocks as given, interest smoothing begins to lose its desirability. The

basic New Keynesian model has no natural endogenous state variable, and therefore no built-in

propagation mechanism for shocks. If there is no interest smoothing and no response to output

growth, then monetary policy shocks have effects which only last one period. Unless the variance of

εi,t is very large, these shocks contribute little to overall inflation and gap variability and therefore

have small effects on welfare. Explicit interest-smoothing serves as a propagation mechanism for

these shocks, and large values of ρi will allow even small policy shocks to have substantial effects.

By the logic above, positive response coefficients to output growth will also serve as a propagation

mechanism for policy shocks. Unlike interest smoothing, however, responding to output growth

not only propagates policy shocks but also works to dampen/counteract them, which is desirable

given that these shocks are strictly welfare-reducing.

The bottom panel of Table 3 shows optimized coefficients for two different specifications of

the policy rule when I include monetary policy shocks in the analysis. Row (l) shows results for

the partial adjustment specification of the policy rule, while row (m) considers the super-inertial

specification. I set the standard deviation of monetary policy shocks at 0.0033, which is the central

point estimate in Ireland (2004). For the partial adjustment specification, the inclusion of policy

shocks has almost no effect on the optimized rule – the optimal policy coefficients are essentially
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identical, with the response coefficient on output growth almost the same as in the baseline (0.50

vs. 0.51) and the overall welfare loss only slightly worse (-0.1138 vs. -0.1129). Evidently, the

adverse consequences of propagating the policy shock roughly cancel with the beneficial aspect of

dampening it, leaving the optimized response coefficient on output growth virtually unchanged.

Row (m) shows results for the super-inertial rule. Relative to the baseline (row (k)), it is no longer

optimal to have ρi > 1. Further, this version of the rule performs worse than the partial-adjustment

specification (-0.16 vs -0.11) and worse than the super-inertial rule with no policy shocks (-0.16 vs.

-0.09). This exercise suggests that responding to output growth is likely to be preferred to explicit

interest smoothing in the presence of policy shocks. Responding to output growth yields the welfare

benefits of interest smoothing without allowing these shocks to have large, welfare-reducing effects.

4 Extensions

This section examines how the desired policy rule coefficients change under several different ex-

tensions of the baseline New Keynesian model. The following extensions are considered: arbitrary

welfare weights, habit formation, indexed pricing, positive steady state inflation, and including

productive capital in the model.

4.1 Alternate Welfare Weights

In the New Keynesian model, the relative weight placed on fluctuations in the output gap in the

welfare criterion, λ, is small. For the baseline parameterization λ = 0.025, so inflation variability is

about forty times more important for welfare than is gap variability. While the welfare criterion in

(7)-(8) is derived as an approximation to the value function of the representative household, these

relative weights seem too low relative to central bank preferences in the real world.

I therefore consider how alternative, arbitrary welfare weights affect the analysis. Table 5

repeats the exercise of choosing the parameters of the policy rule to minimize the welfare loss for

different, arbitrary values of λ. Because the units of this arbitrary loss function are no longer

directly interpretable, I do not report the average losses, though I do show summary statistics on

inflation and gap volatility. For values of λ less than about 0.5, the optimal response coefficient on

output growth is actually larger than it is using the welfare criterion derived from the household’s

utility function. The optimal response coefficient on inflation is still large, and it is desirable to have

greater interest rate smoothing as λ increases. The optimal response coefficient on the gap, while

not zero, remains small for values of λ less than 1. As λ increases and the optimal response to the

gap rises, average gap volatility declines at the expense of substantially more inflation volatility.

Even with λ = 2, the optimal response coefficient on the gap is relatively modest (0.6) and it

remains desirable to still have a small, positive response coefficient on the output growth rate.

Figure 6 plots the optimized response coefficients on the output growth rate, the gap, and the

lagged nominal interest rate against different values of λ. It only becomes optimal to have a non-

zero response to the output gap for values of λ > 0.2, which is roughly 10 times as large as the value
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of λ derived from the household utility function. The optimized response to output growth displays

some non-linearity, at first rising with λ, then declining, then rising again, and then declining once

it becomes optimal to respond some to the output gap (i.e. at values of λ > 0.2). For values of

λ < 0.8 the desired response coefficient on output growth is larger than the optimized coefficient on

the output gap. Finally, as λ rises it quickly becomes optimal to have a strong response coefficient

on the lagged nominal interest rate.

4.2 Habit Formation

A common way of generating inertia in DSGE models is to assume that agents receive utility

not from the level of current consumption, but rather the psuedo difference of consumption, e.g.

u(ct) = (Ct − γCt−1)1−σ/(1− σ), with γ ∈ (0, 1) reflecting the degree of internal habit formation.

Let Λt denote the marginal utility of consumption. Log-linearized about the non-stochastic steady

state, and imposing the aggregate accounting identity, we have:

(1− γ)(1− γβ)λt = (1− γ)(1− γβρν)νt − σ(1 + γ2β)yt + σγyt−1 + σγβEtyt+1 (13)

The Euler/IS equation, written in terms of the marginal utility of consumption, is:

λt = Etλt+1 + it − Etπt+1 (14)

The Phillips Curve now takes the form:

πt = κ((xt − χxt−1)− βχEt(xt+1 − χxt)) + βEtπt+1 (15)

Let ϑ = σ/(1 − γβ). The new parameter χ is the smaller of the two roots to the quadratic

equation:

γϑ(1 + βχ2) = (η + ϑ(1 + βγ2))χ

The slope of the Phillips curve is given by: κ = (1−ϕ)(1−ϕβ)
ϕ

γϑ
χ . If γ = 0, then γ

χ has a well-defined

limit and the slope of the Phillips Curve is that which is given in Section 2. The period loss

function due to price stickiness will now depend on the variance of inflation and the variance of the

pseudo-difference of the output gap, rather than the gap itself. The loss function can be shown to

be, where λ = κ
θ :

Lt = π2
t + λ(xt − χxt−1)2

The left panel of Figure 7 plots how welfare changes as the response coefficient on output growth

varies for different levels of the habit persistence term, γ, relative to the baseline policy rule in which

φπ = 1.5 and all other coefficients are zero. To improve readability, the welfare losses have been

normalized to be equal when φ∆y = 0.18 As in the baseline model without habit formation, welfare

18For given values of the policy rule coefficients, the average welfare loss is larger the bigger is γ.
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is increasing in the response coefficient on output growth for all values of γ. Further, relative to

the baseline policy rule, the welfare-maximizing value of φ∆y is larger the bigger is γ. It remains

everywhere welfare-reducing to respond to the output gap.

Panel (i) of Table 6 reports results from a numerical search for optimized policy rule coefficients

over different values of γ. It is optimal to have greater interest smoothing for larger values of

γ. There is again some substitutability with responding to output growth, and so I show both

unrestricted and restricted versions where ρi = 0 to get a sense for how the optimal response

coefficients on the output gap and output growth change. It is again optimal to never react to

the output gap. For high values of habit persistence, it ceases to be optimal to respond positively

to output growth. To reconcile this with the plot in the left panel of Figure 7, note that there

φπ = 2.5 instead of 1.5 in the figure. Similarly to its substitutability with the lagged interest rate,

positive response coefficients on output growth have similar effects to larger response coefficients

on inflation.

4.3 Backward-Looking Price-Setting

One empirical failure of the baseline New Keynesian model is that it does not generate much

inflation inertia (Gali and Gertler, 1999). A simple addition to the model which can help address

this shortcoming is to assume that non-updating firms partially index their prices to aggregate

inflation at rate ω ∈ (0, 1). This modification leads to a revised Phillips Curve of the form:

πt − ωπt−1 = κxt + β(Etπt+1 − ωπt) (16)

The slope parameter κ is the same as in the baseline model. The period loss function can be

shown to depend on variation in the pseudo-difference of inflation rather than inflation itself. The

weight on output gap variatiability is still λ = κ
θ :

Lt = (πt − ωπt−1)2 + λx2
t (17)

The middle panel of Figure 7 shows how welfare changes with the response coefficient on output

growth (relative to the baseline policy rule) for different values of ω. As in the case of habit

formation, these welfare losses have been normalized to be equal under the baseline policy rule.

For the different values of ω considered, it is welfare-improving to have positive response coefficients

to output growth, at least up to a point. The response coefficient on output growth which maximizes

welfare is decreasing in ω. This makes sense in light of the discussion from Section 3. The welfare

benefits of responding to output growth come from signaling future policy actions and therefore

better anchoring inflation expectations, leading to a better policy tradeoff in the Phillips Curve.

As ω increases, price-setting is effectively less forward-looking. Therefore, the welfare gains from

better anchored inflation expectations are naturally smaller.

The middle section, panel (ii), of Table 6, shows optimized policy rule coefficients for different

values of ω. Other than price-indexation, the model and parameterization are the same as in the
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benchmark of the previous section. It is once again never optimal to respond to the output gap.

As ω increases, the desired response coefficient on output growth declines but remains significantly

positive. There are also increased welfare gains from interest smoothing as ω increases. Gali and

Gertler (1999) argue empirically that forward-looking behavior dominates in price-setting, finding

a value of ω between 0.25 and 0.50. For these values a robust response to output growth remains

optimal.

4.4 Positive Trend Inflation

The baseline New Keynesian model linearizes about a steady state inflation rate of zero. This

substantially simplifies the linearized Phillips Curve, and for low inflation economies like the US

is fairly good approximation. Nevertheless, from a welfare perspective steady state inflation does

matter in the model. The model’s main friction is staggered pricing, which leads to non-optimal

price dispersion among firms. Steady state inflation exacerbates this dispersion.

To examine how steady state inflation impacts the welfare effects of different policy rules, I

amend the model to allow for positive trend inflation, with π∗ > 0. This poses no special problems

for solving the model, though it does not permit such a clean representation of the the linearized

Phillips Curve and the welfare calculation is substantially more complicated.19 I therefore adopt

a slightly different approach to measuring welfare in the model. As described in Appendix B.1,

one can take a second order approximation to the equilibrium conditions of the model, including in

these conditions a recursive representation of the household’s value function. Then one can compute

compensating variations between the flexible price and sticky price economies under different policy

rules, and calculate how much steady state consumption one would have to give up in the flexible

price economy to have the same average welfare as in the sticky price economy. This is exactly the

exercise as conducted in Schmitt-Grohe and Uribe (2007). Relative to the welfare approximation

used up to this point in the paper, it has the advantage of being more accurate, since the equilibrium

conditions are approximated up to second order. The units of the welfare loss are the same as what

has previously been presented (fraction of steady state consumption), and the approaches yield

nearly identical welfare losses in the baseline model with zero trend inflation.

The right panel of Figure 7 plots how welfare changes with different coefficients on the output

growth rate, relative to the baseline policy rule with just φπ = 1.5, for four different values of

(annualized) steady state inflation. As with the other panels, the losses have been normalized to

be equal when the coefficient on output growth is zero.20 Welfare is increasing in φ∆y for low

values, and the optimizing response (relative to the baseline rule) is increasing in π∗. Though not

shown, welfare is again everywhere decreasing in the response coefficient to the output gap. The

rate at which welfare decreases in the coefficient on the output gap is faster the larger is steady

state inflation.

Panel (iii) of Table 6 shows optimized policy rules for different levels of (annualized) trend

19For the approach of log-linearizing the equilibrium conditions and then taking a second order approximation to
the value function in the economy with positive trend inflation, see Coibion, Gorodnichenko, and Wieland (2012).

20For any given parameter configuration, welfare is decreasing in π∗.
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inflation. It is always optimal to have a strong response to inflation, never optimal to respond to

the output gap or the lagged interest rate, and optimal to have a strong response to output growth.

The optimal response to output growth is increasing in π∗. Steady state inflation makes pricing

decisions more forward-looking than in the baseline model. When setting a price, updating firms

have to be more cognizant of future conditions the larger is steady state inflation. Thus, counter to

higher values of ω, higher values of π∗ make forward-looking behavior more important in the model.

As discussed in Section 3, the means by which responding to output growth improves welfare is by

signaling future policy actions and thereby better anchoring inflation expectations. The higher is

steady state inflation, the more important is forward-looking behavior, and therefore the larger are

the gains of responding to output growth in the policy rule.

4.5 The Zero Lower Bound

The analysis in this paper has ignored the effects of the zero lower bound on interest rates. Though

rare empirically as well as in a baseline parameterization of the model, hitting the zero lower bound

can be quite costly, as shown in Coibion, Gorodnichenko, and Wieland (2012).

Figure 8 shows how the frequency of hitting the zero lower bound varies with the parameters

of the monetary policy rule. I take as a benchmark a policy rule in which φπ = 1.5 and the

other parameters are all set to zero. I consider the baseline model amended to account for positive

trend inflation, with π∗ = 2.00 at an annualized percentage rate (0.005 at a quarterly rate). In

the baseline specification the economy hits the zero lower bound about 6.5 percent of the time.21

In the left panel one sees that the frequency of hitting the zero lower bound is decreasing in the

response coefficient on the output growth until φ∆y ≈ 0.5 (down to a frequency of about 5 percent),

after which it increases somewhat. The frequency of hitting the zero lower bound is everywhere

increasing in the response coefficient on the output gap, as the middle panel shows.22 Large values

of this response coefficient can lead to very large frequencies of interest rates hitting zero. Finally,

the frequency of reaching the lower bound is everywhere decreasing in ρi. Though my welfare

calculations do not take into account the costs of hitting the zero lower bound, these figures make

clear that there are likely additional advantages to having mild responses to output growth and

additional costs to responding to the output gap.

4.6 Adding Capital

The baseline New Keynesian model abstracts from productive capital. This works to considerably

simplify the model, allows for closed form solutions for the flexible price equilibrium, and makes

it easy to analytically characterize optimal monetary policy under discretion or commitment. A

21To compute this frequency, I solve the model with positive trend inflation and simulate it for 20,000 periods, and
compute the fraction of time that the nominal interest rate is zero or negative.

22Coibion, Gorodnichenko, and Wieland (2012) report that welfare is increasing in their model of the ZLB for
larger response coefficients on the output gap. Their model does not include cost-push shocks. If I set the innovation
variance of the cost-push shock equal to zero, the frequency of hitting the ZLB is decreasing (although only mildly
so) in the response coefficient on the output gap.
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significant downside to this abstraction is that it ignores investment spending, empirically the most

volatile component of output and one of the key channels through which central bankers think

monetary policy affects the economy in the real world.

This subsection augments the basic model to include capital. Details are provided in Appendix

B. Firms produce output using a constant returns to scale Cobb-Douglas production function, and

lease capital and labor from households period-by-period. Firms are still subject to the same price

friction, and the pricing rule for updating firms is the same as in the model without capital. Real

marginal cost is slightly different – in the model without capital, marginal cost is equal to the ratio

of the real wage to the marginal product of labor; in the model with capital, the ratio of factor

prices to marginal products for both capital and labor must be equal to marginal cost (and hence

to each other). Households accumulate capital and bonds, with capital accumulation potentially

subject to a convex cost of adjustment governed by the parameter Φ ≥ 0, with Φ = 0 corresponding

to the case of no cost of adjustment. With the inclusion of capital, there is more structure imposed

on the behavior of the real interest rate – to the extent to which there are no adjustment costs

(or if they are small), the real interest rate is no longer simply determined by the expected growth

rate of consumption but also by the marginal product of capital. Because the household’s Euler

equation depends on consumption, and consumption and output are no longer equal, there is no

simple IS curve in terms of output like in (1). A log-linearized Phillips Curve does, however, look

the same as in the model without capital if it is written in terms of marginal cost instead of the

output gap. There does not exist a closed-form solution for the flexible price equilibrium level of

output, though that can be solved for numerically as the level of output that would obtain in the

absence of price rigidity.23

I solve the model using the same parameters as in Table 1. There are a few new parameters

that need values. I set α, the capital’s share of income, equal to 1/3, and δ, the depreciation rate

on capital, to 0.025 at a quarterly frequency. I consider a range of values for the adjustment cost

parameter, Φ. To compute welfare, I solve the model using a second order approximation, including

in the equilibrium conditions the recursive representation of the household’s value function. This

is the same approach taken above when I allow for positive trend inflation, and is described in

further detail in Appendix B.1. I calculate the welfare loss from price rigidity as the steady state

consumption one would have to give up in the flexible price economy to have the same average

welfare as in the sticky price economy. As with trend inflation, the second order approximation to

the value function when the equilibrium conditions are approximated to first order does not yield

a simple loss function in inflation and gap variability alone.24

Figure 9 shows how the average welfare loss varies over different parameterizations of the policy

rule. These are shown relative to a baseline specification of the rule with φπ = 1.5 and all other

parameters equal to zero. For this figure the adjustment cost parameter, Φ, is set to 2. The left

23There is an issue here in how to treat capital. One could define the flexible price level of output in a period as
the level of output that would obtain with flexible prices given the inherited capital stock, or as the level of output
that would obtain had prices always been flexible. I define the flexible price level of output using the latter definition.

24For a derivation of the loss function using this approach, see Edge (2003).
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panel shows how welfare varies with ρi. Interestingly, welfare is everywhere decreasing in ρi. This is

quite different from the model without capital, where welfare was increasing in ρi. The right panel

shows how welfare is affected as the coefficient on output growth is varied for different values of

ρi. These plots have been normalized so that the welfare losses are equal when φ∆y = 0. Similarly

to the model without capital, welfare is increasing in φ∆y over a range. Quite differently from

the model without capital, however, interest smoothing and responding to output growth do not

appear to be substitutable, but rather complementary. In particular, the welfare-optimizing value

of the coefficient on output growth is increasing in ρi. In the model without capital the maximizing

value of φ∆y is decreasing in ρi. Also, in the model with capital, the gains from a stronger response

to output growth in the policy rule are increasing in ρi. Though not shown, it remains everywhere

non-optimal to respond to the output gap in the policy rule, similarly to the model without capital.

Table 7 repeats the exercise of numerically searching for optimal policy rule coefficients in the

model with capital. I consider several different values of the adjustment cost parameter in an

unrestricted version of the optimization in panel (i). In all these specifications it is optimal to

have a strong response to inflation, no response to the output gap, and no interest smoothing.

The optimized response coefficient on the output growth rate is 0.30 in the specification with no

adjustment costs. This is somewhat smaller than in the model without capital. As the adjustment

cost parameter increases, the optimizing response coefficient on output growth rises. This makes

sense, as the model with very high adjustment costs looks similar to the model without capital.

Panel (ii) shows optimized values of the policy rule coefficients when I restrict ρi to take on non-zero

values. It is again non-optimal to respond to the output gap. The optimizing response coefficient

on the output growth rate is higher for larger values of ρi.

The basic conclusions from the model without capital about responding to economic activity

hold up in the model with capital – it is again optimal to not respond to the output gap and to

have a modest response to output growth. The main difference between the setups seems to lie in

the desirability of interest smoothing and its substitutability with responding to output growth.

In the model without capital and no policy shocks, the two interest smoothing and reacting to

growth have similar effects, and a central bank can actually achieve higher welfare with a difference

or super-inertial rules (so long as there are no policy shocks). This conclusion does not seem to

hold up in the model with capital, even when there are no policy shocks. Rather than being

substitutable, interest smoothing and responding to output growth seem to work differently, with

interest smoothing losing some of its desirable welfare features. Reacting to output growth remains

welfare-improving, and the optimizing response coefficient on growth is higher the larger is the

assume value of the interest smoothing parameter.

5 Conclusion

Simple interest rate rules, often called Taylor rules after Taylor’s (1993) seminal contribution, have

become a ubiquitous feature of models of the business cycle with monetary non-neutralities. Most

specifications of these rules call for interest rates to increase in response to increases in inflation
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and to increases in a measure of economic activity. Though there is substantial agreement that the

rule should react strongly to inflation, there appears to be no practical consensus on what measure

of economic activity, if any, ought to appear in the rule.

This paper has sought to provide an answer to the question of what measure of economic

activity, if any, should appear in simple interest rate rules. A robust conclusion is that moving

interest rates in reaction to output growth often has beneficial effects on welfare. By making policy

history dependent, responding to output growth works to better anchor inflation expectations and

improves the tradeoffs faced by central banks. Even though it enters the welfare criterion explicitly,

responding to the level of the output gap can actually reduce welfare if cost-push shocks are at

all important. Several previous authors have argued against responding to the output gap on the

grounds that it is observed with imprecision (e.g. McCallum, 2001; Orphanides, 2002; Orphanides

and Williams, 2006). The results in this paper suggest that it is likely better to respond to output

growth than the output gap, even if the latter is observed perfectly.

The results of this paper are not merely of interest for academic discussions of what kind of

rule to write down in a DSGE model. Rather, they are of critical importance for understanding

desirable policy responses in the current zero lower bound environment. As shown in Figure 1,

while the implied target interest rate under the gap version of the rule is negative, the current

desired interest rate under a growth rate policy rule is actually positive. Since the results of this

paper suggest that the growth rate rule performs better from a welfare perspective in normal times,

it may be that the current Federal Reserve policy of keeping the Federal Funds rate at or near zero

may actually be too stimulative.

24



References

[1] Basu, Susanto and John Fernald. 1997. “Returns to Scale in US Production: Estimates and

Implications.” Journal of Political Economy 105(2), 249-283.

[2] Blanchard, Olivier and Jordi Gali. 2007. “Real Wage Rigidities and the New Keynesian Model.”

Journal of Money, Credit, and Banking 39 (supplement 1), 35-65.

[3] Carlstrom, Charles and Timothy Fuerst. 2001. “Timing and Real Indeterminacy in Monetary

Models.” Journal of Monetary Economics 47(2), 285-298.

[4] Carlstrom, Charles and Timothy Fuerst. 2005. “Investment and Interest Rate Policy: A Dis-

crete Time Analysis.” Journal of Economic Theory 123(1), 4-20.

[5] Carlstrom, Charles and Timothy Fuerst. 2008. “Inertial Taylor Rules: The Benefit of Signaling

Future Policy.” Federal Reserve Bank of St. Louis Review 90 (3, Part 2), 193-203.

[6] Carlstrom, Charles, Timothy Fuerst, and Matthias Paustian. 2010. “Optimal Monetary Policy

in a Model with Agency Costs.” Journal of Money, Credit, and Banking 42(6), 37-68.

[7] Carlstrom, Charles and Timothy Fuerst. 2012. “Gaps Versus Growth Rates in the Taylor

Rule.” Economic Commentary, Federal Reserve Bank of Cleveland. October.

[8] Clarida, Richard, Jordi Gali, and Mark Gertler. 1999. “The Science of Monetary Policy: A

New Keynesian Perspective.” Journal of Economic Literature 37(4), 1661-1707.

[9] Clarida, Richard, Jordi Gali, and Mark Gertler. 2000. “Monetary Policy Rules and Macroe-

conomic Stability: Evidence and Some Theory.” Quarterly Journal of Economics 115(1),

147-180.

[10] Cochrane, John. “Determinacy and Identification with Taylor Rules.” Journal of Political

Economy 119(3), 565-615.

[11] Coibion, Olivier and Yuriy Gorodnichenko. 2011a. “Strategic Complementarity among Hetero-

geneous Price-Setters in an Estimated DSGE Model.” Review of Economics and Statistics

92(1), 87-101.

[12] Coibion, Olivier and Yuriy Gorodnichenko. 2011b. “Monetary Policy, Trend Inflation, and the

Great Moderation: An Alternative Interpretation.” American Economic Review 101(1),

341-370.

[13] Coibion, Olivier, Yuriy Gorodnichenko, and Johannes Wieland. 2012. “The Optimal Inflation

Rate in New Keynesian Models.” Forthcoming, Review of Economic Studies.

[14] Edge, Rochelle. 2003. “A Utility Based Welfare Criterion in a Model with Endogenous Capital

Accumulation.” Finance and Economics Discussion Series 2003-66. Board of Governors of

the Federal Reserve System.

[15] Faia, Ester and Tommaso Monacelli. 2007. “Optimal Interest-Rate Rules, Asset Prices, and

Credit Frictions.” Journal of Economic Dynamics and Control 31, 3228-3254.

25



[16] Fernandez-Villaverde, Jesus. 2010. “The Econometrics of DSGE Models.” Journal of the Span-

ish Economic Association (1), 3-49.

[17] Gali, Jordi. 2008. Monetary Policy, Inflation, and the Business Cycle. Princeton, NJ: Princeton

University Press.

[18] Gali, Jordi and Mark Gertler. 1999. “Inflation Dynamics: A Structural Econometric Analysis.”

Journal of Monetary Economics 44(2), 195-222.

[19] Giannoni, Marc. 2012. “Optimal Interest Rate Rules and Inflation Stabilization versus Price

Level Stabilization.” Federal Reserve Bank of New York Staff Reports, Number 546.

[20] Gilchrist, Simon and John Leahy. 2002. “Monetary Policy and Asset Prices.” Journal of Mon-

etary Economics 49, 75-97.

[21] Judd, John and Glenn Rudebusch. 1998. “Taylor’s Rule and the Fed: 1970-1997.” Federal

Reserve Bank of San Francisco Economic Review 3, 3-16.

[22] Ireland, Peter. 2004. “Technology Shocks in the New Keynesian Model.” Review of Economics

and Statistics 86(4), 923-936.

[23] Kimball, Miles and Matthew Shapiro. 2010. “Labor Supply: Are the Income and Substitution

Effects Both Large or Both Small?” Unpublished manuscript, University of Michigan.

[24] Levin, Andrew, Volcker Wieland, and Andrew Williams. “Robustness of Simple Monetary Pol-

icy Rules under Model Uncertainty.” In Monetary Policy Rules, John Taylor, ed. Chicago:

University of Chicago Press.

[25] McCallum, Bennett. 2001. “Should Monetary Policy Respond Strongly to Output Gaps?”

American Economic Review 91(2), 258-262.

[26] Neiss, Katherine and Edward Nelson. 2003. “The Real Interest Rate Gap as an Inflation

Indicator.” Macroeconomic Dynamics 7, 239-262.

[27] Orpahnides, Athanasios. 2001. “Monetary Policy Rules Based on Real Time Data.” American

Economic Review 91(4), 964-985.

[28] Orphanides, Athanasios. 2002. “Monetary Policy Rules and the Great Inflation.” American

Economic Review 92(2), 115-120.

[29] Orphanides, Athanasios and John Williams. 2006. “Monetary Policy with Imperfect Knowl-

edge.” Journal of the European Economic Association 4(2-3), 366-375.

[30] Pappell, David, Tanya Molodtsova, and Alex Nikolsko-Rzhevskyy. 2008. “Taylor Rules with

Real Time Data: A Tale of Two Countries and One Exchange Rate.” Journal of Monetary

Economics 55(Supplement 1), S63-S79.

[31] Rudebusch, Glenn. 2006. “Monetary Policy Inertia: Fact or Fiction?” International Journal

of Central Banking 2(4), 85-135.

[32] Schmitt-Grohe, Stephanie and Martin Uribe. 2007. “Optimal Simple and Implementable Mon-

etary and Fiscal Rules.” Journal of Monetary Economics 54(6), 1702-1725.

26



[33] Sims, Eric. 2012. “Taylor Rules and Technology Shocks.” Economics Letters 116(1), 92-95.

[34] Svensson, Lars E.O. 2003. “What is Wrong with Taylor Rules? Using Judgment in Monetary

Policy through Targeting Rules.” Journal of Economic Literature 41(2), 426-477.

[35] Taylor, John. 1993. “Discretion Versus Policy Rules in Practice.” Carnegie-Rochester Confer-

ence Series on Public Policy 39, 195-214.

[36] Walsh, Carl. 2003. “Speed Limit Policies: The Output Gap and Optimal Monetary Policies.”

American Economic Review 93(1), 265-278.

[37] Walsh, Carl. 2010. Monetary Theory and Policy. Cambridge, MA: MIT Press.

[38] Woodford, Michael. 1999. “Optimal Monetary Policy Inertia.” The Manchester School 67,

1-35.

[39] Woodford, Michael. 2001. “The Taylor Rule and Optimal Monetary Policy.” American Eco-

nomic Review 91(2), 232-237.

[40] Woodford, Michael. 2003. Interest and Prices: Foundations of a Theory of Monetary Policy.

Princeton, NJ: Princeton University Press.

27



Table 1: Benchmark Parameter Values

Model w/o capital:

β = 0.99 σ = 2

η = 1 ϕ = 0.75

θ = 10 ρz = 0.95

ρu = 0.95 ρν = 0.95

sz = 0.01 su = 0.002

sν = 0.02

Model w/ capital:

α = 1/3 δ = 0.025

Notes: This table shows the benchmark values of the structural parameters in the basic model as well as in the model which

adds capital. The Phillips Curve coefficient can be computed from these parameters as κ =
(1−ϕ)(1−ϕβ)

ϕ
(σ+ η) and the weight

on output in the loss function as λ = κ
θ

.

Table 2: Welfare Losses Under Different Policy Parameters

Rule Welfare Loss std(xt) std(πt)

Optimal Commitment: -0.0901 2.4216 0.0608

Optimal Discretion: -0.1231 2.4312 0.2431

Taylor Rules:

(a) φπ = 1.5 -0.2964 2.3891 0.6015

(b) φπ = 2.5 -0.1181 2.4511 0.2192

(c) φπ = 1.5, ρi = 0.75 -0.2282 2.3319 0.5018

(d) φπ = 1.5, φx = 0.5 -2.8654 1.9883 2.1948

(e) φπ = 1.5, φx = 0.5, ρi = 0.75 -2.1984 1.8728 1.9193

(f) φπ = 1.5, φy = 0.5 -5.9493 2.0580 3.1787

(g) φπ = 1.5, φy = 0.5, ρi = 0.75 -4.6225 2.0468 2.7978

(h) φπ = 1.5, φ∆y = 0.5 -0.2486 2.3671 0.5314

(i) φπ = 1.5, φ∆y = 0.5, ρi = 0.75 -0.2214 2.2991 0.4940

Notes: This table shows average welfare losses (relative to a benchmark with flexible prices and multiplied by 100) from the

optimal targeting rules under both commitment and discretion, as well as for several different parameterizations of a partial

adjustment Taylor rule as described in the text. Unless otherwise indicated, the parameters of the Taylor rule in each row are

set to zero. The parameters of the remainder of the model are fixed at their benchmark values given in Table 1.
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Table 3: Optimal Policy Rule Parameters

Specification L std(x) std(π) ρi φπ φx φ∆y

(a) Unrestricted -0.1129 2.42 0.21 0.00 2.50 0.00 0.51

(b) φ∆y = 0 -0.1142 2.42 0.21 0.71 2.50 0.00 n/a

(c) φπ = 1.5 -0.2198 2.30 0.49 0.82 n/a 0.00 0.24

(d) ρi = 0.75 -0.1143 2.41 0.22 n/a 2.5 0.00 0.08

(e) ρi = 0.75, φπ = 1.5 -0.2210 2.30 0.49 n/a n/a 0.00 0.40

(f) Forward-looking rule -0.1113 2.46 0.19 0.24 2.50 0.00 0.98

(g) Forward-looking rule, ρi = 0 -0.1118 2.46 0.19 n/a 2.50 0.00 1.02

(h) Backward-looking rule -0.1119 2.41 0.21 0.54 2.50 0.00 0.15

(i) Backward-looking rule, ρi = 0 -0.1123 2.42 0.21 n/a 2.50 0.00 0.29

(j) Difference rule, ρi = 1 -0.0931 2.43 0.09 n/a 0.50 0.00 0.00

(k) Super-inertial rule, ρi > 1 -0.0930 2.43 0.09 1.04 0.50 0.00 0.00

(l) Partial-adjustment w/ policy shocks -0.1138 2.42 0.21 0.00 2.50 0.00 0.50

(m) Super-inertial w/ policy shocks -0.1606 2.46 0.35 1.00 0.50 0.00 0.00

Notes: This table shows optimized values for the policy rule coefficients. Also included are the minimized value of the objective

function and the standard deviations of inflation, the output gap, and the interest rate (all multiplied by 100). Parameters of

the model are set at their benchmark values given in Table 1. Row (a) shows optimized parameter values for an unrestricted

version of the Taylor rule. Rows (b)-(e) show optimized parameter values for different restricted versions of the rule. Rows

(f)-(k) show optimized parameter values for different versions of the rule. Rows (l)-(m) show optimized policy rule coefficients

for the partial adjustment and super-inertial specifications when there are monetary policy shocks with standard deviation of

0.0033.
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Table 4: Optimal Policy Rule Parameter Values: Robustness

Unrestricted ρi = 0

Specification ρi φπ φx φ∆y
φπ φx φ∆y

(a) ϕ = 0.9 0.00 2.50 0.00 1.51 2.50 0.00 1.51

(b) ϕ = 0.66 0.46 2.50 0.00 0.08 2.50 0.00 0.16

(c) σ = 1 0.62 2.50 0.00 0.17 2.50 0.00 0.25

(d) σ = 5 0.00 2.50 0.00 1.43 2.50 0.00 1.43

(e) θ = 15 0.00 2.50 0.00 0.48 2.50 0.00 0.48

(f) θ = 5 0.52 2.50 0.00 0.45 2.50 0.00 0.61

(g) η = 0 0.00 2.50 0.00 0.72 2.50 0.00 0.72

(h) η = 5 0.31 2.50 0.00 0.12 2.50 0.00 0.21

(i) β = 0.97 0.00 2.50 0.00 0.47 2.50 0.00 0.47

(j) β = 0.999 0.00 2.50 0.00 0.54 2.50 0.00 0.54

(k) su = 0.004 0.00 2.50 0.00 0.74 2.50 0.00 0.74

(l) su = 0.001 0.56 2.50 0.00 0.13 2.50 0.00 0.30

(m) sν = 0.04 0.67 2.50 0.00 0.10 2.50 0.00 0.13

(n) sν = 0.01 0.00 2.50 0.00 0.68 2.50 0.00 0.68

(o) sz = 0.02 0.00 2.50 0.00 0.53 2.50 0.00 0.53

(p) sz = 0.005 0.62 2.50 0.00 0.29 2.50 0.00 0.50

(q) ρz = 0.75 0.39 2.50 0.00 0.51 2.50 0.00 0.71

(r) ρz = 0.99 0.69 2.50 0.00 0.17 2.50 0.00 0.41

(s) ρu = 0.75 0.64 2.50 0.00 0.15 2.50 0.00 0.69

(t) ρu = 0.99 0.37 2.50 0.00 0.33 2.50 0.00 0.39

(u) ρν = 0.75 0.63 2.50 0.00 0.19 2.50 0.00 0.25

(v) ρν = 0.99 0.00 2.50 0.00 0.58 2.50 0.00 0.58

Notes: This table shows optimized values for policy rule coefficients over different values of the non-policy parameters of the

model. Unless otherwise stated, parameters are set at their values given in Table 1. The middle panel shows optimized policy

rule coefficients when the optimization is unrestricted. The right panel shows optimized coefficients under the restriction that

ρi = 0.

Table 5: Optimal Policy Rule Parameter Values: Arbitrary Welfare Weights

Weight on Output Gap std(x) std(π) ρi φπ φx φ∆y

λ = 0.25 2.30 0.35 0.90 2.50 0.04 0.70

λ = 0.50 2.16 0.58 0.95 2.50 0.16 0.55

λ = 1.00 2.03 0.85 0.97 2.50 0.34 0.17

λ = 2.00 1.93 1.15 0.97 2.50 0.59 0.02

Notes: This table shows optimized parameters of the baseline policy rule for different arbitrary weights in the loss function as

given.
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Table 6: Optimal Policy Rule Parameter Values: Extensions

Specification ρi φπ φx φ∆y

(i) Habit Formation

γ = 0.25 0.65 2.50 0.00 0.11

γ = 0.25, ρi = 0 n/a 2.50 0.00 0.47

γ = 0.50 0.72 2.50 0.00 0.00

γ = 0.50, ρi = 0 n/a 2.50 0.00 0.34

γ = 0.75 0.80 2.50 0.00 0.00

γ = 0.75, ρi = 0 n/a 2.50 0.00 0.00

(ii) Price Indexation

ω = 0.25 0.00 2.50 0.00 0.45

ω = 0.50 0.30 2.50 0.00 0.31

ω = 0.50, ρi = 0 n/a 2.50 0.00 0.36

ω = 0.75 0.35 2.50 0.00 0.22

ω = 0.75, ρi = 0 n/a 2.50 0.00 0.26

(iii) Steady State Inflation

π∗ = 0.5% 0.00 2.50 0.00 0.55

π∗ = 1.0% 0.00 2.50 0.00 0.58

π∗ = 2.0% 0.00 2.50 0.00 0.66

Notes: This table shows optimized Taylor rule coefficients from various extensions of the basic model. All other parameters are

set at their benchmark values. Parts (i) and (ii), for the habit formation and price indexation extensions, show some restricted

optimized rules. When γ = 0.25, the welfare loss from restricting ρi = 0 is 0.0004 percent (e.g. 0.000004). When γ = 0.5, the

loss from restricting ρi = 0 is 0.007 percent, and with γ = 0.75 the loss is 0.06 percent. For price indexation, the losses from

restricting ρi = 0 when ω = 0.5 and when ω = 0.75 are both zero to five decimal places.

Table 7: Optimal Policy Rule Parameter Values, Model With Capital

Specification ρi φπ φx φ∆y

(i) Unrestricted

Φ = 0.0 0.00 2.50 0.00 0.30

Φ = 2.0 0.00 2.50 0.00 0.33

Φ = 4.0 0.00 2.50 0.00 0.36

Φ = 10.0 0.00 2.50 0.00 0.43

(ii) Restricted

Φ = 2.0, ρi = 0.50 n/a 2.50 0.00 0.42

Φ = 2.0, ρi = 0.75 n/a 2.50 0.00 0.57

Φ = 2.0, ρi = 0.90 n/a 2.50 0.00 0.91

Notes: This Table shows optimized policy rule coefficients in the extension of the model to include capital. The parameter Φ

governs the magnitude of the convex cost of adjusting the capital stock.
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Figure 1: Actual and Target FFR Under Different Rules
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Notes: The black line plots the actual effective Federal Funds rate, average to a quarterly frequency and expressed at an

annualized rate. The blue line plots the implied target funds rate under the rule it = (1− ρi )̄i+ ρiit−1 + (1− ρi)(φπ(πt − π̄) +

φx(xt − x̄). πt is quarter-over-quarter inflation as defined by the GDP price deflator and xt is the CBO measure of the output

gap. I use parameter values ρi = 0.8, φπ = 1.5, and φx = 0.5. Variables with a “bar” denote sample averages over the period

1985-2006. The green line plots the implied target funds rate using a growth rule, where the φx(xt − x̄) term is replaced by

φ∆y (∆yt −∆ȳt), and I use a value of φ∆y = 0.5.

Figure 2: Welfare Over Different Parameter Configurations
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Notes: This figure shows how the welfare loss from price stickiness varies as the parameters of the generalized policy rule are

changed one at a time relative to the benchmark rule in which φπ = 1.5 and all other parameters are zero.
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Figure 3: Impulse Responses to Cost-Push Shocks
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(c) ρi = 0.75
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Notes: These figures plot impulse responses of selected variables to a one standard deviation cost-push shock. The figures show

the impulse responses under the baseline policy rule (φπ = 1.5, all other coefficients zero) in the solid line, the response under

the alternative Taylor so indicated in the dotted line, and the response under optimal commitment as the dashed line.
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Figure 4: Welfare Over Different Parameter Configurations, No Cost-Push Shocks
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Notes: This figure shows how the welfare loss from price stickiness varies as the coefficient on output growth (left panel) and

the coefficient on the output gap (right panel) are varied, relative to the benchmark rule with φπ = 1.5 and all other parameters

equal to zero, in a version of the model in which the variance of cost-push shocks is set to zero.

Figure 5: Cost-Push Shocks and Desirability of Responding to Output Gap
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Notes: The left panel plots the combinations of ρu and su (the persistence and innovation standard deviation of the cost-push

process, ut) for which welfare is unaffected by a movement from φx = 0 to φx = 0.05, relative to a baseline Taylor rule in which

φπ = 1.5 and all other parameters are zero. The remainder of the parameters in the model are set at their benchmark values

from Table 1. The plot can be thought of analogously to an indifference map – for (ρu, su) pairs below the curve, welfare is

increasing in φx; above the curve, welfare is decreasing in the response coefficient on the output gap. The right panel plots

the overall percentage contribution of cost-push shocks to the unconditional variance of output for the (ρu, su) pairs on in the

indifference map in the left panel.
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Figure 6: Optimal Parameter Configurations with Arbitrary Welfare Weights
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Notes: This figure plots the optimized policy rule coefficients for different, arbitrary values of λ, the weight on the variance of

the output gap in the loss function.

Figure 7: Welfare Losses under Extensions
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Notes: This figure plots average welfare losses over different values of the output growth response coefficient in the Taylor rule

under different extensions of the baseline model. The left panel shows how welfare varies with φ∆y for different values of habit

formation, γ; the middle panel for different levels of price indexation, ω; and the right panel for different values of steady state

inflation, π∗. The response coefficient on inflation, φπ , is set to 1.5, and all other parameters of the Taylor rule are set to 0.

To improve readability, the welfare losses in each panel are normalized to be equal when φ∆y = 0. For given parameters of the

policy rule, the average welfare loss is higher (the loss more negative) the bigger is γ, higher the bigger is π∗, and lower the

bigger is ω.
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Figure 8: Frequency of Hitting ZLB
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Notes: This figure plots the frequency of the simulated nominal interest rate going below 0 in the baseline New Keynesian

model with steady state inflation of 2 percent at an annual rate over different parameter configurations of the policy rule. The

baseline policy rule is taken to have φπ = 1.5 and all other parameters at zero. The plots show the frequency of hitting the

ZLB as the coefficients on output growth, the gap, and the lagged rate are varied one at a time relative to the baseline.

Figure 9: Welfare and Policy Parameters, Model with Capital
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Notes: This figure plots welfare over different values of the policy rule parameters in the New Keynesian model with capital.

These are relative to a baseline policy rule with φπ = 1.5 and other parameters set to 0. The adjustment cost parameter is

set at Φ = 2. The left panel plots how the average welfare loss varies with ρi holding all other parameters fixed. The right

panel plots how welfare varies with φ∆y , the coefficient in the policy rule on output growth, for three different values of ρi. To

improve readability, these losses have been normalized to be equal when φ∆y = 0.
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Appendix

A The Basic New Keynesian Model

This appendix presents the full decision problems of each of the actors in the New Keynesian model:

the representative household, the representative final good firm, and intermediate goods firms.

A.1 Households

Households choose a sequence of consumption, Ct+j , labor supply, Nt+j , and holdings of one period

nominal bonds, Bt+1+j , to maximize the present discounted value of flow utility subject to its

period-by-period flow budget constraint:

max
Ct+j ,Nt+j ,Bt+j

Et

∞∑
j=0

βj

(
νt
C1−σ
t+j

1− σ
− ψ

N1+η
t+j

1 + η

)

s.t.

Pt+jCt+j +Bt+1+j ≤ (1− τ)Wt+jNt+j + (1 + it+j−1)Bt+j + Πt+j + Tt+j

Here Pt+j is the nominal price of goods, Wt+j is the nominal wage, it+j is the nominal interest

rate on bonds carried between t+ j and t+ j + 1, Πt+j is lump sum nominal profits redistributed

from firms, and Tt+j denotes lump sum tax/transfers from the government. Bt+j is the stock of

nominal bonds brought into period t+j. τ is a proportional tax/subsidy which the households take

as given. It is assumed to be constant. νt is a stochastic shock the marginal utility of consumption.

The first order conditions for the household problem are:

µtC
−σ
t = βEtµt+1C

−σ
t+1(1 + it)

Pt
Pt+1

(A.1)

ψNη
t = µtC

−σ
t (1− τ)

Wt

Pt
(A.2)

(A.1) is the familiar consumption Euler equation, while (A.2) is the static labor supply condition.

A.2 Final Good Firm

There is a competitive, representative firm that produces a final good available for consumption,

Yt. It is a composite of a continuum of intermediate goods, Yt(h), h ∈ (0, 1):

Yt =

(∫ 1

0
Yt(h)

θ−1
θ dh

) θ
θ−1

The parameter θ > 1 is the elasticity of substitution. θ < ∞ means that intermediate goods

are less than perfectly substitutable and is what gives rise to a non-trivial price-setting decision
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for intermediate goods firms. The final good firm maximizes profits, which are equal to zero in

equilibrium. The resulting first order conditions are a demand curve for each intermediate good

and an aggregate price index:

Yt(h) =

(
Pt(h)

Pt

)−θ
Yt (A.3)

Pt =

(∫ 1

0
Pt(h)1−θdj

) 1
1−θ

(A.4)

A.3 Intermediate Goods Firms

Intermediate goods firms produce output according to a constant returns to scale technology with

labor as the sole input. The production function is subject to a productivity shifter, Zt, that is

common across all firms:

Yt(h) = ZtNt(h) (A.5)

The intermediate goods firms want to choose labor input, Nt(h), and price, Pt(h), to maximize

profits. They are not freely able to adjust their price in any period, however. Following Calvo

(1983), each period it is assumed that a fraction of firms, (1 − ϕ), are able to change their price.

The other fraction, ϕ, are left to charge their most recently updated price. The probability of being

able to adjust price in any period is independent of when firms last updated their price, or how far

their most recently updated price is from their frictionless optimum price. Firms are price-takers

in the labor market, facing a common nominal wage rate, Wt.

Cost-minimization and profit maximization give rise to a labor demand curve and a pricing rule

for when firms are allowed to update price:

Wt = ζtZt (A.6)

P#
t =

θ

θ − 1

Et

∞∑
s=0

(φβ)sνt+sC
−σ
t+sζt+sP

θ−1
t+s Yt+s

Et

∞∑
s=0

(φβ)sνt+sC
−σ
t+SP

θ−1
t+s Yt+s

(A.7)

In (A.6) and (A.7), ζt is the Lagrange multiplier on the constraint that Yt(h) ≥
(
Pt(h)
Pt

)−θ
Yt in

the cost-minimization problem, and has the interpretation as marginal cost. The labor demand

condition says to equate the wage to the product of marginal cost and the marginal product of

labor, while the pricing rule for updating firms says to set price equal to a markup ( θ
θ−1 > 1) over

the expected present discounted value of marginal costs. In the absence of price rigidity (ϕ = 0),

then the optimal reset price would be a fixed markup over marginal cost, and the wage would be
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a fixed markdown on marginal product.

A.4 Government

The government in this economy plays two roles. First, it collects taxes on labor income at rate

τ . These taxes are then remitted to households via a lump sum transfer each period, Tt+j . The

other role of the government is to set nominal interest rates. In a model with money, this would

necessitate supplying a sufficient quantity of money such that the money market clears at the desired

interest rate, and the central bank would remit seignorage revenue back to the household lump sum.

Since I am abstracting from money altogether, we can abstract from government budget constraints

altogether. In particular, I assume that the government does not operate in debt markets. This

assumption is not restrictive if I allowed the government to also issue lump sum taxes.

A.5 Equilibrium and Aggregation

The competitive equilibrium is a sequence of prices (Pt+j , Pt+j(h), Wt+j , and it+j) and alloca-

tions (Ct+j , Yt+j , Yt+j(h), Nt+j , and Nt+j(j)) consistent with household and firms optimizing and

markets clearing. The market clearing conditions are:

Nt =

∫ 1

0
Nt(h)dh (A.8)

Bt = 0 (A.9)

Tt = τWtNtCt = Yt (A.10)

Using the properties related to the Calvo (1983) pricing assumption, it is possible to derive

expressions for aggregate output and the price level which do not necessitate keeping track of the

intermediate goods firms:

Pt =
(

(1− ϕ)P#1−θ
t + ϕP 1−θ

t−1

) 1
1−θ

(A.11)

Yt =
ZtNt

vt
(A.12)

vt =

∫ 1

0

(
Pt(h)

Pt

)−θ
dh (A.13)

vt is a measure of price dispersion which can be written recursively. The model can be re-written

in terms of inflation, defined as the percentage change in the aggregate price level between adjacent

periods:

1 + πt =
Pt
Pt−1

(A.14)
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A.6 The Flexible Price and Efficient Equilibria

The model as written features two distortions: monopoly power (θ <∞) and price rigidity (ϕ > 0).

With flexible prices the real wage will be less than the marginal product of labor, with Wt
Pt

= θ−1
θ Zt.

So as to eliminate this distortion, I assume that the proportional tax on labor is set such that the

after tax wage is equal to the marginal product of labor, as it would be in a flexible price model.

This requires that τ = − 1
θ−1 < 0. In other words, labor must be subsidized to eliminate the effects

of the monopoly distortion.

With the labor subsidy so set, in the flexible price equilibrium the real wage will be equal to

the marginal product of labor. Normalizing the disutility of labor to be ψ = 1 (which is innocuous

for the dynamics of the model), employment and output under flexible prices are given by:

Nf
t = N e

t = Z
1−σ
η+σ

t ν
1

η+σ

t (A.15)

Y f
t = Y e

t = Z
1+η
σ+η

t ν
1

η+σ

t (A.16)

A.7 Log-Linearization

Define x̃t = Xt−X∗

X∗ ≈ lnXt − lnX∗ for random variable Xt. For variables already in percentage

form, such as an interest rate, let ĩt = it− i∗ denote the absolute deviation from the non-stochastic

steady state. Since the approximation is about a zero inflation steady state, πt = π̃t. Taking a first

order Taylor series expansion of the equilibrium conditions of the model about the zero inflation

non-stochastic steady state and transforming to be in log-linear form yields equations (1)-(2) in the

main text minus the cost-push shock.

A.8 Adding a Cost-Push Shock

One can formally derive a cost-push shock in the model as written by making θ time varying. In

particular, suppose that it follows an AR(1) process in the log, with θ its non-stochastic mean

value:

ln θt = (1− ρθ)θ + ρθθt−1 + eθ,t (A.17)

Let the labor subsidy time-varying, so that τt replaces τ in the first order conditions and is

given by τt = − 1
θt−1 . Under this restriction the flexible price level of output, Y f

t , is equal to the

efficient level of output, Y e
t , which is unaffected by time variation in θt. The log-linearized Phillips

Curve works out to be the same as in the text with the cost-push term added on, where:

ut = − 1− φ
φ(θ − 1)

(1− φβρθ) θ̃t (A.18)

Hence, the cost-push term, ut, follows the same AR(1) process as ln θt, just re-scaled.
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B The New Keynesian Model with Capital

It is relatively straightforward to extend the model to include productive capital. Suppose that the

household owns the capital stock and rents it to intermediate goods firms at price Rt+j . Household

preferences are the same. The budget constraint is given by:

Pt+jCt+j+Bt+j+Pt+jIt+j ≤ (1−τ) (Wt+jNt+j +Rt+jKt+j)−Pt+j
Φ

2

(
It+j
Kt+j

− δ
)2

Kt+(1+it+j−1)Bt+j−1+Πt+j+Tt+j

Kt+1 = It + (1− δ)Kt

Here Φ ≥ 0 represents a convex capital adjustment cost.
The first order conditions for a solution to the household problem are:

νtC
−σ
t = βEtνt+1C

−σ
t+1(1 + it)

Pt
Pt+1

(B.1)

ψNη
t = νtC

−σ
t (1− τ)

Wt

Pt
(B.2)

µt = νtC
−σ
t

(
1 + Φ

(
It
Kt
− δ
))

(B.3)

µt = βEtνt+1C
−σ
t+1

(
(1− τ)

Rt+1

Pt+1
+ Φ

(
It+1

Kt+1
− δ
)
It+1

Kt+1
− Φ

2

(
It+1

Kt+1
− δ
)2
)

+ β(1− δ)Etµt+1 (B.4)

Above µt is the Lagrange multiplier on the accumulation equation. The problem of the final

goods firm is identical to the model without capital, and generates the same downward-sloping

demand curve and price index. Intermediate goods firm produce output according to the following

production function:

Yt(h) = ZtKt(h)αNt(h)1−α, 0 < α < 1 (B.5)

Intermediate goods firms are price-takers in input markets. They solve the same problem as in

the model without capital, only now also choosing capital. The pricing rule for updating firms is

identical. The demand curves for capital and labor are given by:

Wt = ζt(1− α)ZtKt(h)αNt(h)−α (B.6)

Rt = ζtαZtKt(h)α−1Nt(h)1−α (B.7)

ζt again has the interpretation as nominal marginal cost. As before, in the non-stochastic steady

state marginal cost will be equal to the inverse of the desired price markup, meaning that factors

would be paid less than their marginal products. The subsidy so that the flexible price, long run

behavior of this economy corresponds to the efficient version of the economy once again requires

that τ = − 1
θ−1 .

Aggregating the firm, household, and government budget constraints yields a conventional cap-

ital accumulation equation:

41



Kt+1 = Yt − Ct + (1− δ)Kt (B.8)

Aggregate output is:

Yt =
ZtK

α
t N

1−α
t

vt
(B.9)

vt is a price dispersion term, and obeys the same process as given in (A.13). Equations (B.1)-

(B.9), plus (A.7), (A.11), and (A.13) characterize the equilibrium of the sticky price model with

capital. There does not exist a closed form solution for the flexible price level of output in the

model with capital, but it can be solved using standard perturbation techniques separately in a

system in which ϕ = 0.25 As in the model without capital, a cost-push shock can be derived by

assuming that θt is time-varying.

B.1 Calculating Welfare in the Model with Capital

Approximated welfare in the New Keynesian model with capital is substantially more complicated

than in the simpler model without capital. In particular, log-linearizing the model about the

deterministic steady state and then taking a second order approximation to the household’s value

function does not yield a simple loss function only in the variances of inflation and the output

gap. Rather, approximated welfare depends on several other terms related to the composition of

output, as well as cross-covariances of variables at different leads and lags.26 This substantially

more complicated expression lacks the intuitive appeal of the simple loss function in the variances

of inflation and the gap.

I therefore calculate welfare using a different but complementary approach in the model with

capital. In particular, I use the approach taken by Schmitt-Grohe and Uribe (2007). Instead of

finding the solution using a first order approximation of the model equations, I instead use a second

order approximation and directly calculate the value function. In particular, the household’s value

function in the sticky price economy is given by:27

V = Et

∞∑
j=0

βj

(
νt+j

C1−σ
t+j

1− σ
− ψ

N1+η
t+j

1 + η

)
(B.10)

This can be broken down into separate consumption and labor components:

25There is a bit of arbitrariness in how one defines the flexible price level of output in a model with endogenous
capital accumulation. In particular, one could define it as the level of output that would obtain with flexible prices
and a level of the capital stock that would have obtained had prices always been flexible, as in Neiss and Nelson
(2003), or as the level of output that would obtain if prices were flexible given the actual current capital stock, as in
Woodford (2003). Unless otherwise stated, I adopt the Neiss and Nelson (2003) definition of the flexible price level
of output.

26Edge (2003) derives the approximated welfare loss due to price rigidity in the basic model presented here with
capital by taking a second order approximation to the household’s value function while log-linearizing all the other
equilibrium conditions.

27The value function is conditional on the current state, though I suppress that it in writing the value functions
below.
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V C = Et

∞∑
j=0

βjνt+j
C1−σ
t+j

1− σ
(B.11)

V N = −Et
∞∑
j=0

βjψ
N1+η
t+j

1 + η
(B.12)

V = V C + V N (B.13)

One can also construct a value function that would obtain if prices were perfectly flexible, with

φ = 0. This is defined by (where the subscript f denotes flexible price allocations):

Vf = Et

∞∑
j=0

βj

(
νt+j

C1−σ
f,t+j

1− σ
− ψ

N1+η
f,t+j

1 + η

)
(B.14)

Let λ denote the fraction of consumption each period that would make the household indifferent

between the sticky and flexible price economies. It is implicitly defined by:

Vf = Et

∞∑
j=0

βjνt+j
((1 + λ)Ct+j)

1−σ

1− σ
− Et

∞∑
j=0

βjψ
N1+η
t+j

1 + η
(B.15)

Taking unconditional expectations and then solving for λ, we get:

λ =

(
E(Vf )− E(V N )

E(V C)

) 1
1−σ

− 1 (B.16)

Note that λ has the same units (fraction of consumption needed to make one indifferent between

the flexible and sticky price models) as the welfare criterion presented in the text. The advantage

of this approach is that it is more accurate, since in addition to the value function the equilibrium

conditions are also approximated up to second order. The disadvantage is that it is less intuitive.

The approach in the text for measuring the welfare loss of price rigidity nevertheless gives very

similar answers to this approach in the sticky price model without capital.
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