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Abstract
This paper investigates the macroeconomic risks associated with undesirably low

inflation using a medium-sized New Keynesian model. We consider different causes of
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1 Introduction

In the wake of substantial declines in inflation during the past two years, there is growing

concern that inflation may remain undesirably low in many advanced economies and even

in some emerging markets. Policymakers have been especially focused on sizeable declines

in market-based measures of longer-run inflation expectations. A fall in long-run inflation

expectations could cause the low inflation experienced in recent years to become more deeply

rooted, just as the upward drift in inflation expectations during the 1970s helped fuel a long

period of undesirably high inflation. Measures of long-term inflation compensation in both

the euro area and Japan hovered around 1 percent in late 2015, well below the inflation

targets of their respective central banks.

Policymakers have emphasized how persistently low inflation poses substantial macroe-

conomic risks if monetary policy is constrained by the zero bound, and could derail economic

recovery. In this vein, ECB Vice President Vı́tor Constâncio observed that:

“If a low inflation outlook became entrenched in the expectations of firms and

households, the real interest rate would rise, leading consumers and investors to

postpone their expenditure plans. A vicious circle of lower demand and lower

prices could ensue.” Constâncio (2014)

Moreover, even if the zero lower bound is not presently binding, persistently low inflation

tends to depress the average level of policy rates, leaving less scope for the central bank to

cut interest rates in the event of adverse shocks. These concerns about potentially toxic

interactions between a decline in inflation expectations and the zero bound are in stark

contrast to the once prevalent view – prior to Japan’s struggle with deflation beginning in
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the 1990s – that a decline in long-run inflation expectations is likely to have minimal or even

benign effects on output.

In this paper, we use a medium-scale model similar to Christiano, Eichenbaum and Evans

(2005) (henceforth CEE) to analyze both the macroeconomic causes and consequences of a

prolonged period of low inflation, with a particular focus on how the effects depend on the

zero lower bound on policy rates. Broadly speaking, we show that the costs of persistently

low inflation depend heavily on the underlying cause(s), and hence it is crucial to differentiate

between various sources of disinflationary (or deflationary) pressure. If the disinflationary

pressure is driven purely by shifts in nominal variables, or by changes in the speed of wage

or price adjustment – and hence is not associated with changes in the longer-run supply

potential of the economy – it has contractionary effects on output in a liquidity trap. By

contrast, if low inflation is driven by a persistent rise in productivity, then it is quite likely

to cause output to expand.

Specifically, we begin by considering a fall in long-run inflation expectations below the

central bank’s inflation target. Such a development would have minimal effects on output if

the central bank was free to adjust policy rates, or at least could do so in the fairly near-

term. By contrast, a fall in long-run inflation expectations reduces output substantially if

the economy is mired in a persistent liquidity trap. This reflects that the fall in long-run

inflation expectations boosts real interest rates far out the yield curve, including through

extending the duration of the liquidity trap (which is determined endogenously in our model).

Near-term inflation declines even more than long-term inflation due to the widening output

gap, with lower inflation amplifying the gap in line with the “vicious circle” described by

ECB Vice President Vı́tor Constâncio.
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While suggestive, this analysis understates the economic costs of a fall in inflation expec-

tations by abstracting from any additional shocks: in reality, the economy would be more

vulnerable to adverse shocks. We use stochastic simulations of our model – with the shocks

calibrated to imply empirically-reasonable variations in output and inflation – to show how

the probability distribution of output becomes sharply skewed to the left by the interaction

of lower inflation expectations and adverse shocks. Thus, lower long-term inflation expecta-

tions not only depress the mean level of output in a liquidity trap but also intensify downside

risks.

Even if long-run inflation expectations were to remain tethered to the inflation target,

changes in the transmission of price and wage inflation – as captured by the price and

wage Phillips Curves – are a second potentially important source of disinflation pressure.

The sharp wage declines across euro area periphery economies in recent years suggests re-

duced worker bargaining power in the face of chronically high unemployment. Greater wage

flexibility is likely to be desirable in normal times, as it tends to improve competitiveness

and reduce possible tensions between stabilizing output and inflation (Blanchard and Gaĺı

(2007)). The merits of greater wage flexibility in a liquidity trap are less clear, and have been

debated since the Great Depression: Viner (1933), for instance, argued that faster wage cuts

would help stimulate a rebound in employment. By contrast, we show that a deceleration in

nominal wage growth due to higher wage flexibility can have sharply contractionary effects

on output in a liquidity trap by causing price inflation to fall and real interest rates to rise.

We then proceed to consider the effects of productivity shocks in a liquidity trap. While a

favorable TFP shock boosts wealth in the longer-term (assuming it is sufficiently persistent),

it reduces inflation in the near-term, and hence boosts real interest rates. As emphasized
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by Eggertsson (2010) and Wieland (2015), the latter effect dominates in standard New Key-

nesian models if the productivity shock dissipates before the liquidity trap ends. However,

productivity changes often have a highly persistent or even permanent character – including

the fall in productivity experienced by many economies following the global financial crisis

– and it is less clear how such productivity changes are likely to affect output, especially in

the near-term. While Christiano, Eichenbaum and Trabandt (2015) showed that the per-

sistent slowdown in U.S. productivity growth was an important drag on U.S. output during

the Great Recession, Eggertsson, Ferrero and Raffo (2014) found that permanent aggregate

supply shocks have short-run effects on output of the opposite sign.1

We use a simplified variant of the medium-scaled model – essentially, the canonical New

Keynesian model with external habit persistence – to illustrate the key factors affecting the

response of output to a permanent (positive) productivity shock in a liquidity trap. The

inclusion of habit is useful to highlight how structural factors that affect the response of

desired savings can play a critical role in determining the output response. We show that if

inflation is very responsive to output, even permanent productivity shocks may cause output

to contract for some time (especially if the ZLB is long-lived). Nevertheless, we argue that

models which feature an empirically plausible responsiveness of inflation to resource slack

imply that positive productivity shocks are likely to boost output even in the short-run. We

illustrate this result both in the simple model with habit and the medium-scale model. Thus,

some disinflationary pressure may be “good” or “benign” insofar as it is driven by shocks

likely to boost output both in the near-term, and at longer-horizons.

We conclude with a brief discussion of how monetary policy can help to alleviate low

1Specifically, Eggertsson, Ferrero and Raffo (2014) considered the effects of a permanent fall in markups.
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inflation pressures. An important and influential literature has recommended commitment-

based strategies such as price level targeting, including e.g., Eggertsson and Woodford (2003).

While potentially efficacious, such an approach would involve a substantial departure from

the typical focus of central banks on inflation. We suggest an alternative in which monetary

policy responds to a broad measure of resource slack that includes a state variable – the

capital gap in our model, or the labor force participation gap in a model with richer labor

market features – that recovers particularly slowly following an economic downturn (see e.g.

Erceg and Levin (2014)). Because such a rule causes inflation and output to overshoot as

the economy recovers, it boosts longer-term inflation expectations while the economy is still

mired in recession, which mitigates the severity of the fall in both inflation and output.

The paper is organized as follows. Section two describes the medium-scale model. Section

three examines the macroeconomic effects and consequences of persistently low inflation.

Finally, section four concludes.

2 A Medium-Sized New Keynesian Model

Our model is a slightly simplified variant of the CEE model. As such, it incorporates nomi-

nal rigidities by assuming that labor and product markets exhibit monopolistic competition,

and that wages and prices are determined by staggered nominal contracts of random du-

ration following Calvo (1983) and Yun (1996). In addition, the model features an array of

real rigidities, including habit persistence in consumption and costs of changing investment.

Monetary policy follows a Taylor rule subject to the zero lower bound (ZLB) constraint on

the nominal policy rate.
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2.1 Firms

Final-Good Firms. We assume that a single final output good Yt is produced using a contin-

uum of differentiated intermediate goods Yt(f) for f ∈ [0, 1]. The technology for transforming

these intermediate goods into the final output good is constant returns to scale, and is of

the Dixit-Stiglitz form:

Yt =

[∫ 1

0

Yt (f)
1

1+θp df

]1+θp

, (1)

where θp > 0. Final-good firms operate in a perfectly competitive market. Thus, final-good

producers minimize the cost of producing a given quantity of output Yt, taking as given the

price Pt (f) of each intermediate good Yt(f). Moreover, final-good producers sell units of the

final output good at a price Pt that can be interpreted as the aggregate price index:

Pt =

[∫ 1

0

Pt (f)
− 1
θp df

]−θp
. (2)

Intermediate-Goods Firms. A continuum of intermediate goods Yt(f) is produced by

monopolistically competitive firms, each of which produces a single differentiated good. Each

intermediate-goods producer faces a demand function for its output good that varies inversely

with its output price Pt (f) , and directly with aggregate demand Yt :

Yt (f) =

[
Pt

Pt (f)

] 1+θp
θp

Yt. (3)

Each intermediate-goods producer utilizes capital services Kt (f) and a labor index Lt (f)
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to produce its respective output good. The form of the production function is Cobb-Douglas:

Yt (f) = atKt(f)α (ztLt(f))1−α − φΦt, (4)

where φ represents a fixed cost of production. Φt is an exogenous process that ensures

balanced growth as described in section 2.4. Firms face perfectly competitive factor markets

for hiring capital and the labor index. Thus, each firm chooses Kt (f) and Lt (f), taking as

given the cost of these factors of production as well as the level of the stationary and unit-

root technology processes at and zt, respectively. Moreover, firms can costlessly adjust either

factor of production. Thus, the standard static first-order conditions for cost minimization

imply that all firms have identical marginal cost per unit of output.

The prices of the intermediate goods are determined by Calvo style staggered nominal

contracts. In each period, each firm f faces a constant probability, 1 − ξp, of being able to

reoptimize its price Pt(f). The probability that any firm receives a signal to reset its price

is assumed to be independent of the time at which it last reset its price.2

2.2 Households

We assume a continuum of monopolistically competitive households, each of which supplies

a differentiated labor service to the production sector; that is, goods-producing firms regard

each household’s labor services Nt (h), h ∈ [0, 1], as an imperfect substitute for the labor

services of other households. It is convenient to assume that a representative labor aggregator

combines households’ labor hours in the same proportions as firms would combine them.

2If a firm is not allowed to optimize its price in a given period, we assume that it adjusts its price
according to Pt(f) = π

ιp
t−1π

1−ιpPt−1(f) where π denotes the gross inflation rate and 0 ≤ ιp ≤ 1.

8



Thus, the aggregator’s demand for each household’s labor is equal to the sum of firms’

demands. The labor index Lt has the Dixit-Stiglitz form:

Lt =

[∫ 1

0

Nt (h)
1

1+θw dh

]1+θw

, (5)

where θw > 0. The aggregator minimizes the cost of producing a given amount of the

aggregate labor index, taking each household’s wage rate Wt (h) as given, and then sells

units of the labor index to the production sector at their unit cost Wt:

Wt =

[∫ 1

0

Wt (h)−
1
θw dh

]−θw
. (6)

It is natural to interpret Wt as the aggregate wage index. The aggregator’s demand for the

labor hours of household h – or equivalently, the total demand for this household’s labor by

all goods-producing firms – is given by:

Nt (h) =

[
Wt

Wt (h)

] 1+θw
θw

Lt. (7)

The utility functional of a typical member of household h is:

Et
∞∑
j=0

βj
[
νt+j ln (Ct+j (h)− bCt+j−1)− χ0

1 + χ
Nt+j (h)1+χ

]
, (8)

where the discount factor β satisfies 0 < β < 1. The period utility function depends on

household h’s current consumption Ct (h), as well as on lagged aggregate per capita con-

sumption to allow for the possibility of external habit persistence as in Smets and Wouters
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(2007). A positive consumption preference shock νt raises the marginal utility of consump-

tion associated with any given consumption level. The period utility function also depends

inversely on hours worked Nt (h) .

Household h’s budget constraint in period t states that its expenditure on goods and net

purchases of financial assets must equal its disposable income:

PtCt (h) + PI,tIt (h) +

∫
s

ξt,t+1BD,t+1(h)−BD,t(h)

= Wt (h)Nt (h) +RK,tKt−1(h) + Γt (h)− Tt(h). (9)

The household purchases the consumption good from the final-good producers, and the

investment good It (h) from investment-good firms operating in a perfectly competitive mar-

ket using a linear technology in which one unit of the final output good is transformed into

Ψt units of It (h) − where Ψt is an exogenous unit-root process. Thus, the nominal price

of the investment good PI,t equals the corresponding marginal cost Pt/Ψt. Investment in

physical capital augments the household’s (end-of-period) capital stock Kt(h) according to:

Kt (h) = (1− δ)Kt−1(h) + ζI,t [1− S (It(h)/It−1)] It(h), (10)

where ζI,t is a stationary investment technology shock, and S (·) is a convex cost of adjusting

investment. The functional form of S (·) is discussed in section 2.4. Note that we assume

that households take aggregate investment It−1 as given when choosing It(h).

In addition to accumulating physical capital, we assume that households can engage in

frictionless trading of a complete set of state-contingent bonds. The term
∫
s
ξt,t+1BD,t+1(h)−

BD,t(h) represents net purchases of state-contingent bonds, with ξt,t+1 denoting the state
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price, and BD,t+1 (h) the quantity of such claims purchased at time t. Each member of

household h earns labor income Wt (h)Nt (h) and capital rental income RK,tKt−1(h). Each

member also receives an aliquot share Γt (h) of the profits of all firms, and pays a lump-sum

tax of Tt (h) (this may be regarded as taxes net of any transfers).

In every period t, each household maximizes the utility functional (8) with respect to

its consumption, investment, (end-of-period) capital stock, bond holdings, and holdings of

contingent claims, subject to its labor demand function (7), budget constraint (9), and

transition equation for capital (10). As in Erceg, Henderson and Levin (2000), households

also set nominal wages in Calvo-style staggered contracts that are generally similar to the

price contracts described above. Thus, the probability that a household receives a signal to

reoptimize its wage contract in a given period is denoted by 1− ξw.3

2.3 Monetary Policy

We now characterize how monetary policy operates in our model taking into account the non-

negativity constraint on the nominal interest rate. Let Zt denote a gross ‘shadow’ nominal

rate of interest, which satisfies the following Taylor-style monetary policy rule:

ln(Zt/Z) = γz ln(Zt−1/Z) + (1− γz)
[
ln (πt/π

∗) + γπ ln (πt/π
∗
t ) + γx ln

(
Lt/L

pot
t

)]
, (11)

where π∗t is the central bank’s inflation target, which is assumed to follow an exogenous

process. The variable Lpott denotes the potential level of hours worked (or employment),

meaning the level of hours that would prevail in the absence of any price or wage rigidities.

3If a household is not allowed to reoptimize its wage in a given period, we assume it sets its wage
according to Wt(h) = πιwt−1π

1−ιwµWt−1(h), where µ denotes the unconditional growth rate of output.
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Thus, monetary policy can be regarded as responding to the employment gap. The actual

(gross nominal) policy rate, Rt, is determined as follows:

lnRt = max {0, lnZt} . (12)

2.4 Market Clearing, Balanced Growth and Functional Forms

In our model total output (or GDP) is subject to the resource constraint:

Yt = Ct + It/Ψt + Φtg, (13)

where g denotes exogenous government spending (which is itself assumed to be financed by

lump-sum taxes).

In addition, market clearing in capital and labor markets requires

Lt =

∫
Nt(h)dh =

∫
Nt(f)df (14)

Kt−1 =

∫
Kt−1(h)dh =

∫
Kt(f)df. (15)

The sources of growth in our model are the unit-root process for labor-augmenting tech-

nology zt and the unit-root process for investment-specific technology Ψt. We assume that

ln (zt/zt−1) ≡ lnµz,t follows an exogenous stationary process. Further we assume investment-

specific technology to grow at a constant rate, i.e. ln (Ψt/Ψt−1) ≡ lnµΨ. The composite level

of technology along a balanced growth path in our model is Φt = Ψ
α

1−α
t zt. The unconditional

growth rate of Φt is denoted by µ.
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The functional form of the investment adjustment cost function, S (·) , is:

S

(
It(h)

It−1

)
=

1

2

(
exp

[√
ψI

(
It(h)

It−1

− µ× µΨ

)]
+ exp

[
−
√
ψI

(
It(h)

It−1

− µ× µΨ

)])
− 1.

(16)

The value of It(h)/It−1 in the nonstochastic steady state is (µ × µΨ). In addition, the

parameter ψI denotes the second derivative of S (·), evaluated at the nonstochastic steady

state.

2.5 Exogenous Stochastic Processes

We complete the characterization of our model by describing the exogenous stochastic pro-

cesses that are used in the construction of the baseline, the scenarios, and the stochastic

simulation below. These processes are the exogenous stochastic processes for the consump-

tion preference shifter νt, the inflation target, π∗t , the level of neutral technology, at, the level

of investment technology, ζI,t, the growth rate of labor-augmenting technology, µz,t, and an

exogenous component of the return on capital, ∆t. We have previously defined these vari-

ables except for ∆t, which we assume to enter into the FOC for capital accumulation akin

to the financial wedge discussed in Christiano, Eichenbaum and Trabandt (2015). Section

3 contains more details about ∆t. We will discuss how shocks to these exogenous variables

play a role in the construction of the baseline and the scenarios. At this stage, it suffices to

assume that the consumption preference shifter and the exogenous component of the return

on capital follow the AR(1) processes:

ln νt = (1− ρν) ln ν + ρν ln νt−1 + σνε
ν
t , ενt ∼ N (0, 1), (17)
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and

ln ∆t = (1− ρ∆) ln ∆ + ρ∆ ln ∆t−1 + σ∆ε
∆
t , ε∆

t ∼ N (0, 1). (18)

The inflation target evolves according to the following ARMA process:

ln π∗t = (1− ρπ) lnπ∗ + ρπ ln π∗t−1 + σπε
π
t + σHπe

π
t−H , επt , e

π
t−H ∼ N (0, 1). (19)

Note that while επt allows for contemporaneous shocks to the inflation target, the term eπt−H

is included to allow for the possibility of anticipated shocks (sometimes called news shocks)

to the inflation target that materialize with a delay of H periods.

Stationary neutral technology at enters into the production function of intermediate good

producers as shown in equation (4), and evolves according to

ln at = (1− ρa) ln ā+ ρa ln at−1 + σaε
a
t , εat ∼ N (0, 1). (20)

Stationary investment technology ζI,t enters into the law of motion for capital accumulation

described by equation (10), and evolves according to

ln ζI,t = (1− ρζI ) ln ζ̄I + ρζI ln ζt−1 + σζIε
ζI
t , εζIt ∼ N (0, 1). (21)

Finally, the growth rate of labor-augmenting technology lnµz,t follows the AR(1) process:

lnµz,t = (1− ρµz) ln µ̄z + ρζ lnµz,t−1 + σµzε
µz
t , εµzt ∼ N (0, 1). (22)
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2.6 Calibration

We set the central bank’s steady inflation target π∗ equal to 0.005, an annualized inflation

rate of 2 percent. We set the steady state of the growth rates of labor-augmenting technology

and investment-specific technology, µz and µΨ, such that – along a balanced growth path

– real GDP and investment grow at an annual rate of 1.5 and 2.5 percent, respectively.

Moreover, we set the parameters characterizing the law of motion of µz,t, namely ρµz and

σµz , equal to 0.2 and 1, respectively. The discount factor β is set to imply an annualized real

interest rate of 1.5 percent. Together, the inflation target, the discount factor and balanced

growth imply that the annualized quarterly nominal interest rate is 3.5 percent in steady

state. The parameter determining the degree of habit persistence in consumption b is set

equal to 0.7 in line with the empirical estimate of Smets and Wouters (2007). The Frisch

elasticity of labor supply 1/χ is set to 0.5 which is well within the range of most estimates

from the empirical labor supply literature, see e.g. Domeij and Floden (2006).

The capital share parameter α is set to 0.36. The quarterly depreciation rate of the

capital stock, δ, is set equal to 0.025, implying an annual depreciation rate of 10 percent.

We set the cost of adjusting investment parameter ψI equal to 6.

Our calibration of the parameters of the Phillips Curve implies a relatively low sensitivity

of inflation to marginal cost, i.e. a relatively flat Phillips Curve. In particular, we set the

price contract duration parameter ξp equal to 0.95, the price indexation parameter ιp equal

to 0.7, and assume a net price markup θp equal to 0.2.4 Our choice of the contract duration

parameter implies a somewhat lower sensitivity of inflation to marginal cost – around 0.003

4It bears emphasizing that we could account for the same flat Phillips Curve slope with a much shorter
mean price contract duration by allowing for strategic complementarities in price-setting as in Woodford
(2003).
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– than most of the empirical literature estimating the Phillips Curve for industrial countries,

including the estimates of Smets and Wouters (2003) for the euro area.5 Even so, our

calibration of the marginal cost sensitivity is noticeably higher than the 0.001 estimated for

the Chicago Federal Reserve’s DSGE model by Brave et al. (2012) using post-1989 data

for the United States (which thus takes account of the flattening of the Phillips Curve

slope documented in recent research, see e.g., Blanchard, Cerutti and Summers (2015)).6

Moreover, our calibration with a flat Phillips Curve slope helps to account for a decline in

inflation in response to a severe recession that appears of reasonable magnitude in light of

developments following the global financial crisis.

Given strategic complementarities in wage-setting across households, the wage markup

influences the slope of the wage Phillips curve. Our choices of a net wage markup θW equal

to 0.2 and a wage contract duration parameter ξw equal to 0.8 − along with an indexation

parameter ιw set to 0.7 − imply that wage inflation is slightly more sensitive to the wage

markup than price inflation is to the price markup.

The parameters of the monetary policy rule γz, γπ, and γx are set equal to 0.75, 0.5 and

0.25, respectively.

The central bank’s inflation target evolves according to equation (19), where ρπ is set

equal to 0.999, and (σπ, σHπ) equal to 1. The parameters describing the law of motion of

the exogenous component of the return on capital, ρ∆ and σ∆, are set equal to 0.7 and 1,

respectively. Further, we set the autocorrelation of the stationary neutral technology shock

ρa and the investment technology shock ρζI equal to 0.975, and the autocorrelation of the

5These authors estimate a contract duration parameter of 0.90 using data from 1980:Q2 to 1999:Q4.
6To facilitate comparison with the literature, the above discussion is based on a standard log-linearized

version of the Phillips Curve. Note, however, that we simulate the fully non-linear model in the next section.
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consumption preference process ρν to 0.9. We discuss how we set the standard deviations of

shocks to stationary neutral technology, stationary investment technology and consumption

preference in section 3.1.1.

3 Low Inflation Scenarios

We will next show how the effects of persistently low inflation – arising from several alter-

native sources – are influenced by the zero lower bound constraint on the nominal interest

rate. To do so, we begin by constructing a “severe recession” baseline shown by the solid

lines in figure 1 that captures developments likely to precipitate a protracted period at the

ZLB, including a persistently negative output gap and sizeable fall in inflation below its

2 percent target. The severe recession baseline is constructed using the realization of two

shocks. First, a persistently negative consumption demand shock νt which directly impacts

on the first-order condition for household consumption:

λt(h) =
νt

Ct(h)− bCt−1

, (23)

where λt(h) denotes the multiplier on the household budget constraint.

Second, a persistently negative shock, ∆t, to the return on capital, Rk
t+1, which directly

affects the first-order condition for physical capital:

λt(h) = ∆tEtλt+1(h)Rk
t+1/πt+1. (24)

Note that ∆t is akin to the financial wedge discussed in Christiano, Eichenbaum and
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Trabandt (2015).

In terms of the timing of the shocks, we assume that at time t = 0 the endogenous state

variables of the economy are at their non-stochastic steady state. At time t = 1, agents

learn about the shocks νt and ∆t and respond accordingly, though with the expectation that

the economy will eventually return to the non-stochastic steady state. As in Christiano,

Eichenbaum and Trabandt (2015), we assume certainty equivalence and solve the system of

fully non-linear equations for 250 quarters using Dynare.

Next, conditional on the baseline shown in figure 1, we examine several scenarios that

illustrate the macroeconomic causes and effects of a further persistent downdrift in inflation.

3.1 Decline in Long-Run Inflation Expectations

We begin by considering the macroeconomic consequences of a sizeable downward shift in

long-run expected inflation. The ZLB constraint on policy rates would make any such decline

in long-run expected inflation especially problematic. In normal times, the central bank could

counter an incipient fall in long-run inflation expectations by sharply reducing policy rates,

i.e. cutting the nominal policy rate enough to reduce real interest rates. By contrast, a fall

in expected inflation would raise real interest rates while the ZLB is binding, forcing the

central bank to rely on forward guidance − and possibly unconventional policies such as

asset purchases − to offset the contractionary effects.

Figure 1 simulates the effects of a decline in long-run expected inflation. In our simula-

tion, long-run inflation declines because the public comes to believe that the central bank

will eventually choose to target a lower level of inflation than π∗. Specifically, we assume

an anticipated shock to the inflation target such that households and firms believe that the

18



inflation target will drop to 1 percent five years in the future. While highly stylized, this

characterization is useful for capturing how an “unwanted” fall in long-run inflation expec-

tations might play out: because the central bank’s inflation target does not actually change

in the near-term, the central bank attempts to counter the downward pressure on inflation

by easing monetary policy to the extent that it has scope to do so.7 Because the economic

effects depend critically on the degree to which monetary policy is constrained from reducing

policy rates, figure 1 examines two scenarios.

In normal times – the “Decline in πe Outside ZLB” scenario shown by the dotted lines

– the shift in inflation expectations occurs after the economy has largely returned to steady

state. In particular, the dotted line shows a scenario in which at time t = 25 of our simulation

there is a shock to the central bank’s inflation target. Upon the occurrence of the shock agents

believe that the inflation target will decline to 1 percent 5 years ahead. Because the central

bank has latitude to reduce interest rates in real terms, GDP actually expands slightly above

the baseline path (though the Taylor rule is not aggressive enough to keep inflation from

declining well below 2 percent). By contrast, the “Decline in πe During ZLB” scenario

depicted by the dashed lines assumes that the same-sized decline in the long-run inflation

target occurs in a deep liquidity trap – time t = 5 in the simulation. In this case, the fall in

inflation causes real interest rates to rise markedly in the near-term, and the duration of the

zero lower bound is extended for about a year. All told, the fall in the perceived long-run

inflation target by 1 percentage point causes inflation to fall by more than that amount in

the near term, and output to decline about 11
4

percentage point below the baseline.8

7In section 3.1.2, we consider an alternative scenario in which inflation expectations decline even when
the central bank’s inflation target remains unchanged.

8De Michelis and Iacoviello (2016) study the effectiveness of the recent policies implemented by the Bank
of Japan aimed at increasing long-run inflation expectations. Their findings complement our results in that
output is more responsive to exogenous shifts in inflation expectations during a liquidity trap than in normal
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3.1.1 Stochastic Simulations

The simulations described above focus solely on the effects of a shift in long-run inflation

expectations; as a result, they may significantly understate the economic costs because they

abstract from potentially adverse complementarities between a fall in long-run inflation ex-

pectations and other adverse shocks that may also reduce demand. In particular, given the

asymmetry posed by the zero bound, a fall in inflation expectations may shift the probability

distribution of output towards negative outcomes, implying substantial negative skewness.

To illustrate this, we next consider the implications of a downward-shift in the inflation

target in a stochastic environment. To do so, we proceed in two steps. First, we calibrate

the standard deviations of three shocks such that the model matches some key moments

in the data. Second, we subject the model to realizations of these shocks when inflation

expectations drift downward – comparing the effects in “normal times” with those in a

liquidity trap.

Specifically, we select the standard deviations of the shocks to stationary neutral tech-

nology σa, stationary investment technology σζI , and consumption preference σν , so that the

model matches exactly some key macroeconomic moments over the Great Moderation sam-

ple period of 1982Q4 to 2008Q2 that are shown in table 1. These moments are: the standard

deviation of 4-quarter GDP growth, the standard deviation of 4-quarter inflation, and the

correlation between these variables.9 This yields σa equal to 0.773, σζI equal to 3.996, and

σν equal to 1.095.

times.
9Technically, we minimize a quadratic loss function based on the squared difference between these three

moments in the data and the respective model-implied moments.
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σ(yt) σ(πt) corr(yt, πt)
Data 1.64 1.10 0.10

Model 1.64 1.10 0.10

Table 1: Moments of the data and model-implied moments

Using random draws from the distributions of the three shocks – which generate empirically-

reasonable variation in output and inflation – we illustrate how the probability distribution

of output can be influenced by the interaction of the zero lower bound and a downward shift

in long-run inflation expectations.

We begin with the case in which monetary policy is unconstrained by the ZLB – the

“normal times” case shown in panel (A) of figure 2. The probability distribution of GDP

shown in the panel is computed by simulating the model 5000 times around the baseline GDP

path (from figure 1) using random draws of the preference shock, the neutral technology

shock, and the investment technology shock. For each realization, we compute the GDP

response (expressed in percent deviations from baseline) four quarters after the simulation

begins. The implied (conditional) probability distribution, depicted by the solid gray line

in panel (A) of figure 2, is clearly symmetric around the baseline, as would be expected

given that the underlying shocks are normally distributed. The dashed line shows that the

probability distribution of output remains essentially unchanged – and symmetric around

the baseline – in the case in which the perceived long-run inflation target falls to 1 percent

when the economy is hit by the three shocks.

Panel (B) shows the probability distribution of output derived from stochastic simulations

around the severe recession baseline shown in figure 1 in which policy rates are pinned at

the ZLB, and which enforces the ZLB in the stochastic simulations.10 In this environment,

10Specifically, we again simulate the model with 5000 draws of the three stochastic shocks around the
“Decline in πe During ZLB” scenario of figure 1 that begins at time t = 5.
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the probability distribution of output shifts sharply to the left for the case in which the

perceived long-run inflation target is only 1 percent. The negative skewness in the output

distribution reflects that additional adverse shocks hit against the backdrop of very weak

initial conditions in which the ZLB was already expected to bind for a long time (as seen in

figure 1, roughly for four years) even before the arrival of the new adverse shocks incorporated

into our stochastic scenario. Given the long-lived ZLB constraint − which is in part due to

the downward shift in long-run inflation expectations − these adverse shocks have very large

contractionary effects on output. All in all, these stochastic results highlight how a decline

in inflation expectations may pose a serious risk for an economy mired in recession, even if

it might have fairly minimal adverse implications for an economy close to full employment.

3.1.2 Adaptive Expectations

While our scenario above is convenient for highlighting risks posed by a decline in inflation

expectations when the ZLB is binding, it seems likely that longer-run inflation expectations

are influenced by a range of factors beyond the central bank’s inflation target, including

realized inflation. Indeed, many economists have argued that the persistent failure of central

banks to keep inflation at a reasonable level in the 1970s fueled an upward drift in long-run

inflation expectations that in turn fed into current inflation. On the flip side, Svensson (2013)

and Draghi (2014) have underscored how the long spells of below-target inflation since the

global financial crisis increase the risk that long-term inflation expectations may fall well

below announced inflation targets.

Accordingly, we next consider the risk that low realized inflation is the catalyst for a fall

in longer-run inflation expectations, and examine potential consequences when the ZLB is
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binding.11 To implement this, we assume that agents form inflation expectations according

to:

Ẽt {ln πt+1} = ι
1

4

(
4∑
`=1

ln πt−`

)
+ (1− ι)Et {ln πt+1} . (25)

This specification models expected inflation Ẽt {ln πt+1} as a weighted average of past infla-

tion and of a model-consistent (or rational expectations) forecast, Et {ln πt+1}.12 Thus, with

ι equal to 0, the specification is consistent with fully-rational expectations; whereas a higher

ι means that inflation expectations respond more to past realized inflation. An important

implication is that longer-run inflation expectations are endogenous, rather than evolving

exogenously as considered above.

In our scenario, we assume that the central bank’s inflation target is unchanged at 2

percent, but that there is an unanticipated change in the value of ι from 0 to 0.5 at time

t = 5. The dashed lines in figure 3 show the path of key macroeconomic variables in

response to this switch in agents’ inflation expectations assuming that the structural shocks

are identical to those generating the recession baseline in figure 1 (thus, the macro outcomes

are identical until period t = 5 when the process for inflation expectations shifts). Panel

(A) shows that 5-year inflation expectations fall by about 0.5 percentage point in response

to the decline in realized inflation in this scenario. Because the nominal interest rate (panel

D) is subject to the ZLB constraint, real interest rates increase in the short run, inducing

the output gap to become more negative.

The implications for output under this alternative specification for inflation expectations

clearly parallel those we have discussed above for the case of an exogenous shift in the

11We thank Günter Coenen for suggesting this alternative approach.
12As discussed by Clarida, Gali and Gertler (1999) a variant of this specification has been used to motivate

the dependence of current inflation on lagged inflation. Hills, Nakata and Schmidt (2016) develop a model in
which long-run inflation expectations decline endogenously as the probability of hitting the ZLB increases.
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inflation target. Thus, a fall in long-run inflation expectations can be sharply contractionary

when the ZLB is binding, even if not in normal times. However, under adaptive expectation

formation, inflation expectations depend much more heavily on actual inflation outcomes

than if the long-run target were to shift exogenously. Therefore, the adaptive expectations

formulation suggests an even more prominent role for monetary policy to help guard against

the risk of a drop in inflation expectations.13

3.2 Fall in Nominal Wage Growth

There are a number of alternative channels or shocks that could fuel persistent downward

pressure on inflation even if long-run inflation expectations remained well-anchored. One

risk is that nominal wages may decelerate if long periods of high unemployment eventually

make wages more sensitive to economic slack. This might occur if worker bargaining power

gradually erodes in the face of protracted weakness in labor market conditions, and/or if

workers become less averse to cuts in nominal wages.

Empirical evidence from Japan’s experience with very low inflation in the 1990s seems

consistent with these possibilities. As discussed by Kuroda and Yamamoto (2005), the dis-

tribution of nominal wage changes appeared highly concentrated to the right of zero through

the early years of Japan’s low inflation period, presumably reflecting staunch worker resis-

tance to nominal wage cuts; but the proportion of workers experiencing nominal wage cuts

rose markedly as the period of near zero inflation and very weak output growth dragged

on. More recently, during the post-crisis slump period wage growth in euro area periph-

ery economies sharply decelerated in the face of persistently high unemployment, turning

13We illustrate this possibility in an appendix, available upon request from the authors.
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markedly negative in Portugal, and to a lesser degree, in Ireland and Spain – see figure 4.

Faster wage adjustment typically has benign effects in normal times when monetary policy

can freely adjust policy rates, notably by easing the tension that may arise between achieving

the objectives of stabilizing both inflation and the output gap following an aggregate supply

shock (Blanchard and Gaĺı (2007)). However, a faster speed of nominal wage adjustment is

likely to have contractionary effects on output in the context of a long-lived liquidity trap.

In particular, rapid wage-cutting by workers would put downward pressure on inflation,

raising the real interest rate. Because faster wage adjustment does not materially affect the

economy’s longer run potential output, this real interest rate channel is the main determinant

of the effects on output.

Figure 5 illustrates the consequences of faster wage adjustment when monetary policy is

constrained by the zero lower bound against the same baseline as in figure 1. In particular,

we consider a scenario in which nominal wages become more sensitive to economic slack due

to a sudden and unforeseen shift in the wage Phillips Curve slope parameter.14 Because the

fall in wage growth causes inflation to decline, real interest rates rise due to the zero lower

bound constraint, exerting a sizeable contractionary impact on the economy.

3.3 Faster TFP Growth

Shocks that raise the economy’s longer-run level of potential output tend to put downward

pressure on inflation. Familiar examples include a supply-induced decline in global oil prices,

14Specifically, we assume that one year after the baseline shocks hit the economy, the Calvo wage param-
eter drops permanently from θw to θ

′

w. In the benchmark calibration θw is such that wages are adjusted
on average once every five quarters, while θ

′

w implies that wages are adjusted on average about every three
quarters.
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or a pickup in productivity growth as occurred in the United States in the late 1990s.15 In

our model, expansionary aggregate supply shocks cause inflation to fall because wages adjust

sluggishly, so that marginal production costs would decline even if policy rates were adjusted

enough to keep output at potential; of course, the downward pressure on inflation would be

larger to the extent that the central bank allowed output to fall below potential.

A key question that we now consider is whether a fall in inflation driven by a productivity

shock should be regarded as a benign development – in the sense that it is likely to boost

output – even when the economy is in a liquidity trap. While a rise in total factor productivity

increases output in normal times in which the central bank can freely adjust policy rates, an

expansion in aggregate supply may cause output to contract perversely in a liquidity trap, as

has been highlighted in an influential literature, e.g. Eggertsson (2010) and Eggertsson and

Krugman (2012). Intuitively, a positive productivity shock raises current aggregate demand

through a wealth channel, but exerts downward pressure on inflation leading to higher real

interest rates in a liquidity trap. The latter effect may dominate in a liquidity trap, so

that output falls. In the simple New Keynesian model, Wieland (2015) shows that output

necessarily falls in response to a transient TFP rise that fully dissipates before the liquidity

trap ends.16

Given that the literature has devoted substantial attention to transitory shocks, we will

next explore whether shocks that permanently raise the level of TFP may be contractionary

15More recently, Bank of England officials have argued that extremely weak productivity growth since
2007 contributed to boosting inflation well above the U.K’s target through much of the recovery from the
financial crisis.

16Wieland (2015) argues that this implication of an output contraction in response to a transient boost
to aggregate supply is inconsistent with empirical evidence from Japan on the effects of both oil shocks
and a major earthquake. Accordingly, he formulates a model with financing frictions that accounts for
positive comovement between transient changes in aggregate supply and output even in a liquidity trap.
Incorporating financial frictions into our model would be a useful extension for future work.
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in a liquidity trap.17 This question is important for assessing whether the persistently weak

TFP growth following the financial crisis has hurt output or been salutary, and also for

gauging whether structural reforms aimed to boost productivity would be likely to cause

output to expand. We will then draw on this analysis to make more general observations

about how the output response to TFP varies with the persistence of the TFP shock. The

results of both Fernández-Villaverde, Guerrón-Quintana and Rubio-Ramı́rez (2014)− using a

two period model − and Christiano, Eichenbaum and Trabandt (2015) − using an estimated

model with capital − suggest that highly persistent or permanent TFP shocks should move

output in the same direction even if the ZLB binds for a long time. By contrast, Eggertsson,

Ferrero and Raffo (2014) showed that permanent reductions in wage and price markups,

which could be expected to have effects similar to a permanent productivity shock, can

cause output to contract in the short-run.18

Broadly speaking, these disparities in results likely reflect that a number of important

factors influence the transmission of a permanent TFP shock when the ZLB is binding.

Output is more likely to decline “perversely” if the ZLB binds for longer, or if the Phillips

Curve slope is higher, since both of these factors translate into a larger inflation decline and

thereby to a higher real rate (e.g. Eggertsson (2010)). In addition, transmission depends

on the perceived persistence of the rise in productivity growth (see Fernández-Villaverde,

Guerrón-Quintana and Rubio-Ramı́rez (2014)), the nature of the monetary reaction function,

and on structural factors such as habit persistence which influence how desired savings and

investment respond.

17For concreteness, we focus our discussion on shocks that raise TFP, though the analysis is equally
applicable to shocks that lower TFP.

18In particular, the Eggertsson, Ferrero and Raffo (2014) result does not hold just for markup shocks: we
show below that permanent positive TFP shocks also cause output to fall under certain conditions.
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To help identify more clearly conditions under which a permanent positive productivity

shock may cause output to fall rather than to rise, it is helpful to consider a simplified

variant of our model that allows for habit persistence in consumption, but is otherwise

identical to the workhorse New Keynesian model. Allowing for habit helps to illustrate

how structural features affecting desired saving have a major influence on transmission, and

provides an important bridge between the simple models often used in the literature and our

medium-scale model that includes capital and various real frictions. The simple model in

log-linearized form may be represented as:

xt =
1

1 + b
Etxt+1 +

b

1 + b
xt−1 − σ(it − Etπt+1 − rNt ), (26)

πt = βEtπt+1 + κp(xt + φ(xt − bxt−1)). (27)

Equation (26) is the IS curve modified to include external habit – governed by the parameter

b – implying that the output gap xt depends on its own lead and lag, and inversely on the

difference between the real interest rate it − Etπt+1 and the “neutral” or “potential” real

interest rate rNt , which is the real interest rate that would keep output at potential. Equation

(27) is the New Keynesian Phillips Curve linking price inflation πt to expected inflation, as

well as to both the output gap and its quasi-difference (the latter reflecting habit). Finally,

we assume that monetary policy reacts (simply) to the inflation gap subject to the zero lower

bound.

We next use the model to examine an immediate and permanent rise in the level of TFP.

In the absence of habit, i.e., b = 0, desired consumption would immediately jump to its new

longer-run level without any required adjustment in interest rates (real or nominal): this
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reflects that the shock has no effect on the neutral real interest rate rNt . Hence, neither

the output gap nor inflation would be affected even in a liquidity trap, and correspondingly,

output would jump up immediately in line with the increase in productivity.

With habit persistence in consumption, the implications for output can differ dramat-

ically. As shown in panel (A) of figure 6, the permanent rise in TFP causes the neutral

interest rate rNt − the dash-dotted line − to fall relative to the baseline (the solid line).19

Intuitively, this occurs because households prefer a smooth increase in consumption to a

rapid jump, and hence would prefer to save much of their extra income. With policy rates

constrained by the ZLB, the fall in the neutral rate causes output to fall (further) below

potential, and this effect on the output gap is amplified by a decline in inflation (as implied

by equation (27)). Figure 6 shows that if the Phillips Curve slope is relatively high (labeled

“High Phillips Curve Slope”), inflation may fall enough that the contractionary effect on the

output gap (panel E) is large enough to dominate the rise in potential output (panel B), so

that the level of output (panel F) falls in the short run. By contrast, the dashed lines show

the effects under a flatter Phillips Curve slope that is more consistent with our benchmark

calibration. Inflation falls less and the output gap turns much less negative, so that the

productivity shock boosts output even in the near-term.

One corollary from this analysis is that even permanent positive productivity shocks

could potentially pose some risks to the economy in a liquidity trap, especially if inflation

falls substantially and persistently (which is more likely to occur if the Phillips Curve has a

steeper slope, and/or in times of a protracted liquidity trap). Moreover, the risks are higher

19The baseline is generated through a negative consumption preference shock that depresses potential
output (panel B) and consumption. The short-lived initial spike in the neutral real interest rate reflects
habit persistence in consumption.
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if monetary policy is not sufficiently aggressive, and allows inflation to remain persistently

below target even after the liquidity trap has ended.

Notwithstanding these results, a permanent productivity shock seems likely to induce

output to rise, even in the near-term, in a model with an empirically reasonable Phillips

Curve slope (at least provided that the liquidity trap duration is not extremely prolonged).

Output only contracts in the small model if inflation drops by an implausible amount (panel

C), but otherwise expands.

These results are corroborated in our benchmark model with endogenous capital. Figure

7 illustrates the effects of an immediate rise in productivity of 5 percent. While the output

gap becomes more negative due to the increase in real interest rates – as in the simple model

– the level of output rises as the contractionary effects from this channel are swamped by the

expectation of higher permanent income. The figure also shows a productivity shock scaled

to have the same long-run effects, but which is phased-in over time. Because this contour

for the productivity shock implies a rise in the neutral real rate (even taking account of

adjustment costs on consumption and investment), inflation actually rises rather than falls,

so that the real rate falls in the near-term in a liquidity trap, and output rises by more

than potential. The latter results are similar to those emphasized by Fernández-Villaverde,

Guerrón-Quintana and Rubio-Ramı́rez (2014). Finally, as might be guessed from the positive

output response to the permanent shock, even shocks that only boost the level of TFP in a

highly persistent, though not permanent, way also tend to raise output, albeit by somewhat

less than shown in figure 7.

Accordingly, persistently low inflation associated with supply shocks may be regarded

as “good” or “benign” for the recovery of the real economy insofar as the negative effects
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from higher real interest rates are more than counterbalanced by positive wealth effects.20

But − as we show in the next subsection – we underscore that even if output responds

positively, monetary policy can play an important role in mitigating the negative output gap

that productivity shocks may induce, and in reducing the likelihood that the fall in inflation

associated with higher productivity becomes embedded into inflation expectations.

3.4 Targeting Broad vs. Narrow Measures of Resource Slack

We next briefly consider how monetary policy can mitigate the risk of persistently low

inflation through its choice of a reaction function for the policy rate.21 The monetary policy

rule that we have assumed implies a response to inflation and the employment (or hours) gap.

Equivalently, the rule may be regarded as tantamount to responding to the output gap, but

taking the current level of the capital stock as the appropriate measure of potential. Such a

rule typically implies nearly monotonic convergence of inflation to target and of employment

to potential, at least following demand shocks. This monotonic convergence is evident in

our severe recession baseline that is depicted by the solid lines in figure 8 (i.e., using the

same baseline as for figure 1). This implication seems consistent with central bank forecasts

and communication: central banks typically convey that they will set policy rates so that

inflation will converge monotonically to target (and employment too if the shock does not

generate a tension between stabilizing these objectives).

However, this monotonic convergence of inflation contrasts with the prescriptions of opti-

mal policy in the presence of a binding zero lower bound constraint. As argued by Eggertsson

20Consistent with Fernández-Villaverde (2014), some features that we abstract from in our model – such
as an endogenous tax reaction function for setting distortionary taxes – would likely amplify these stimulative
effects.

21Of course, balance sheet policies could also be utilized to raise activity and boost inflation expectations;
but here we confine attention to the policy rate.
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and Woodford (2003), the optimal response to an adverse demand shock would be to com-

mit to allow inflation to rise well above target as the economy recovers, reversing any past

inflation “shortfalls” in order to eventually stabilize the price level. The expectation that

inflation would eventually run high would in turn mitigate the fall in inflation and output

in the near-term.

These history dependent strategies could potentially be effective in anchoring long-term

inflation expectations in a deep recession, and in reducing the risk that a sustained period of

low inflation would cause longer-term inflation expectations to decline. Even so, by focusing

on price level stability, they would involve a substantial break from the usual central bank

focus on stabilizing inflation and some measure of activity.

As an alternative, a recent literature has argued that − following a deep recession −

monetary policy may spur a faster rebound in both inflation and output/employment by

targeting a broad measure of resource slack that includes slow moving state variables such

as the labor force participation rate. As shown by Erceg and Levin (2014), because the

unemployment rate recovers more quickly than the labor force participation rate, a policy

rule that responds both to the labor force participation gap and unemployment gap keeps

interest rates lower for longer than a rule responding only to the latter. This in turn pushes

unemployment to fall below its natural rate, and causes inflation to exceed the central

bank’s target. Thus, such a policy generates a faster recovery through allowing inflation

to eventually overshoot. Moreover, while the overshooting would be costly if longer-run

inflation expectations were securely anchored, it could be desirable for risk management

reasons if inflation expectations were not well anchored and a return to the lower bound was

a material risk.
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Accordingly, we next use our model to illustrate the consequences of reacting to a broader

measure of slack: in particular, we assume that monetary policy responds to the “true”

output gap, defined as the difference between output and its level under fully flexible prices

and wages. Equivalently, monetary policy can be regarded as putting a sizeable weight on

responding to the “true” capital gap lnKt−1 − lnKpot
t−1 as well as the employment gap:

lnYt − lnY pot
t = (1− α)(lnLt − lnLpott ) + α(lnKt−1 − lnKpot

t−1). (28)

Following a deep recession, the “true” output gap measure would clearly be much more

negative than the gap measure in our benchmark in which the capital gap is ignored.

Figure 8 compares the implications of the reaction function which responds to the true

output gap – the dashed lines – with our benchmark that responds only to the employment

gap – the solid lines.22 The former reaction function is much more stimulative: because

the capital stock reacts very slowly, such a policy rule in effect acts like a promise to keep

real interest rates low for much longer than under employment gap targeting. As a conse-

quence, the employment gap overshoots, and inflation rises persistently above the 2 percent

target. Although the simulations in the figure assume for simplicity that long-run inflation

expectations are anchored at target, the policy rule responding to the broader measure of

slack would have an even larger comparative advantage in stabilizing output and inflation if

inflation expectations were partly adaptive as considered above.

There is admittedly some risk that central banks could push inflation more above target

than they anticipated through such a policy, and then face a difficult task in bringing it

22Specifically, we assume that one year after the baseline shocks hit the economy, the central bank
announces that it will target the output gap rather than the employment gap henceforth.
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back down again. The influential research by Orphanides (2003) arguing that the Great

Inflation was in large part attributable to overestimating slack might seem to push in the

direction of measuring slack very conservatively. However, it is arguable that there is a

much more tangible risk of undershooting the inflation target in the environment of the past

several years, in which major central banks have almost uniformly missed their targets to

the downside, and the ZLB has remained a longstanding constraint. To the extent that

greater risks are perceived to lie in the direction of undershooting inflation targets − and

policymakers feel reasonably confident about their ability to eventually bring inflation down

should it overshoot materially − a policy reaction function which focuses on broad measures

of slack may be appealing.

4 Conclusions

In this paper, we have investigated the macroeconomic risks posed by low inflation, and

specifically, highlighted how a persistent decline in inflation can have very costly implications

for output when the zero lower bound is binding.

Even so, we have argued that it is crucial to differentiate between various sources of

persistently low inflation: while a persistent fall in inflation that is driven by nominal shocks

– such as a decline in long-run inflation – is contractionary, a persistent fall in inflation that

is driven by a persistent rise in productivity is likely to cause output to expand even in the

near-term.

We have also shown that a monetary policy framework that allows inflation to overshoot

by keeping real interest rates low until slowly evolving state variables such as capital have
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recovered can mitigate downward pressure on inflation.

In the medium-scale model that we have utilized, persistently low inflation is costly be-

cause it raises the real interest rate if the monetary authority is constrained by the zero lower

bound. Our model abstracts from Fisherian “debt deflation” channels whereby low inflation

could adversely affect borrower balance sheets and thereby tighten financial conditions for

both households and firms. Similarly, undesirably low inflation in a liquidity trap affects the

government’s budget position, reflecting that higher interest rates tend to boost the stock of

debt, and cause the primary balance to deteriorate by weakening the macroeconomic out-

look. There may well be an adverse feedback loop from inflation to government debt that

depends on the fiscal reaction function, e.g., rising debt may trigger sharp cuts in public

spending.

Finally, our solution method excludes considerations about how uncertainty might affect

saving and investment decisions, and thus how low inflation might depress real interest rates

through effects on precautionary savings (see Basu and Bundick (2015)). All of the issues

mentioned above seem worthwhile to pursue in future research.

35



5 Figures

Quarters

0 10 20 30 40
0.5

1

1.5

2

(A) 5-Year Ahead :e (annual %)

Quarters

0 10 20 30 40
-1

0

1

2

(B) Price Inflation (annual %)

Quarters

0 10 20 30 40
-1

0

1

2

3

4

(C) Wage Inflation (annual %)

Quarters

0 10 20 30 40
0

1

2

3

4

(D) Nominal Interest Rate (annual %)

Quarters

0 10 20 30 40
-2

-1

0

1

2

3

(E) Real Interest Rate (annual %)

Quarters

0 10 20 30 40
-6

-4

-2

0

(F) Output Gap (%)

Baseline Decline in :e During ZLB Decline in :e Outside ZLB

Figure 1: Effects of a decline in πe.
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Figure 2: Stochastic simulation of the effects of demand and supply shocks on GDP. The
density shown in the figure corresponds to the deviations of GDP from baseline 1 year after
the shocks.
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Figure 3: Effects of a decline in πe: Adaptive expectations.
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Figure 4: Wage inflation and unemployment: 2008Q1-2015Q2.
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Figure 5: Effects of wages responding more to economic slack.
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Figure 6: Effects of a rise in TFP growth: Small-scale model with flexible wages.
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Figure 7: Effects of a rise in TFP growth.
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Figure 8: Effects of targeting a broad measure of resource slack.
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