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Abstract
Does a higher inflation target help to reduce the risk of hitting the zero lower bound
(ZLB) on nominal interest rates? Recently, higher inflation targets for central banks have
been proposed to allow for more "room-to-manoeuvre" in deep recessions. Advocates of this
proposal suggest an inflation target of 4% to reduce the risk of hitting the ZLB. I show that
the opposite may happen: a 4% inflation target can, in fact, increase the risk of hitting the
ZLB compared to a 2% inflation target. Using a standard New Keynesian model, a higher
inflation target changes the price-setting behavior of firms in a substantial way. Specifically,
firms become more forward-looking, inflation is more volatile and, thereby, the nominal
interest rate fluctuates more. I show that even with more "room-to-manoeuvre" for the
nominal interest rate due to a higher inflation target, the higher volatility of the nominal
interest rate implies that the economy ends up – on net – more often at the ZLB.
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1 Introduction
Prominent economists have advocated to raise the central bank’s inflation target to increase
long-run nominal interest rates and provide more "room-to-manoeuvre" for monetary policy to
reduce its policy rate in recessions. For example, Blanchard et al. (2010) and Ball (2013) propose
a target inflation rate of 4%, arguing that the benefits to the economy could be substantial while
the costs of 4% inflation are likely to be rather small. Others have voiced concern over the
potential risks associated with a higher inflation target. In his 2010 Jackson Hole speech, Ben
Bernanke observed the following:
"Inflation expectations appear reasonably well-anchored, and both inflation expectations and actual inflation remain within a range consistent with price stability. In
this context, raising the inflation objective would likely entail much greater costs than
benefits. Inflation would be higher and probably more volatile under such a policy,
undermining confidence and the ability of firms and households to make longer-term
plans, while squandering the Fed’s hard-won inflation credibility."
The discussion about whether or not to raise the inflation target was fueled by the recent
decline in the natural real interest rate (e.g. Del Negro et al. (2017), Hamilton et al. (2015),
Gagnon et al. (2016), and Eggertsson et al. (2017)). Figure 1 shows the evolution of the nominal
effective Federal Funds Rate, inflation and an estimate of the real natural interest rate for the
United States. Given that inflation has been fairly stable in the past 20 years, lower long-run
real interest rates lead to lower average nominal interest rates. As a consequence, the ZLB would
be reached more frequently, hampering the ability of monetary policy to stabilize the economy.
Proponents of higher inflation targets argue that higher long-run nominal interest rates will
provide more leeway for monetary policy.
In light of this debate, the central question I seek to answer in this Chapter is whether higher
target rates of inflation necessarily reduce the probability of hitting the ZLB. To this end, I
investigate the implications of higher inflation targets for the behavior of households and firms
and the consequences for monetary policy - especially, when the economy is hit by large adverse
shocks.
In macroeconomic models with nominal rigidities, positive trend inflation changes the pricesetting behavior of firms (see e.g. Kiley (2007), Ascari and Ropele (2009) or Ascari and Sbordone
(2014)). Firms become more forward-looking at higher target rates of inflation because they
anticipate that inflation will erode their real profits over time. When economic shocks are
persistent, as is commonly considered in the literature to gauge the persistent effects of the
financial crisis and the Great Recession, inflation becomes more volatile. So far, the literature
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has not considered the implications of higher inflation volatility caused by higher inflation targets
in deep recessions with a binding ZLB.
Intuitively, higher inflation targets generate the following trade-off. On the one hand, higher
steady state inflation increases long-run nominal interest rates, allowing for larger decreases of
nominal interest rates before the ZLB starts to bind. On the other hand, when higher inflation
targets are a source of increased inflation volatility, larger cuts in the nominal interest rate are
required to stabilize the economy in the wake of adverse macroeconomic developments.
Figure 1: The Nominal FED Funds Rate, Consumer Price Index (CPI) and the Real Natural
Rate

Source: FRED

These considerations can be illustrated in a simple experiment. Figure 2 shows illustrative
probability density functions for the short-term nominal interest rate. In the benchmark case,
the mean of the distribution equals the average of the federal funds rate from 1970 to 2017 (gray
shaded curve). The variance, say σ 2 , is chosen such that the probability of hitting the ZLB is 5%
as in Reifschneider and Williams (2000). The vertical line indicates the nominal interest rate at
zero percent. All realizations to the left of the vertical line represent instances in which the ZLB
is binding. Suppose an increase in the inflation target from 2% to 4% moves the mean of the
distribution by 2 percentage points but the variance is kept unchanged (black dashed line). It
is straightforward to see that ZLB episodes become less likely in this case. However, if a higher
inflation target changes the mean and also the variance of the density – as perhaps a result of
the change in the behavior of households and firm – the distribution becomes more dispersed
2

Figure 2: Probability Density Functions for the Nominal Interest Rate

(blue solid line). Specifically, I assume that the standard deviation of the nominal interest rate
doubles. In Figure 2, the level increase in the mean of the nominal interest rate is dominated by
the increase in the volatility of the distribution. All told, the ZLB binds more often.
In this Chapter, I examine the implications of higher inflation targets in a standard New
Keynesian model. The model features Calvo (1983) price setting frictions. Following Ascari and
Sbordone (2014), the model abstracts from price indexation. In the model, a higher inflation
target is a source of larger fluctuations of inflation in response to economic shocks. Based on
the model, I provide an example in which larger inflation volatility has a first-order effect on the
probability of hitting the ZLB. In this case, raising the inflation target would be associated with
more frequent rather than less frequent episodes at the ZLB. Hence, adopting a higher inflation
target is ineffective in reducing the probability of hitting the ZLB and aggravates the effects of
large adverse shocks on the economy.
I develop and discuss the results of this Chapter analytically and numerically. The analytical
part is useful to understand the intuition. For tractability, I follow Eggertsson (2010) or Eggertsson and Woodford (2003) in assuming a two-state Markov chain process for the economic shocks.
This way, it is possible to represent the equilibrium conditions by aggregate supply (AS) and
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aggregate demand (AD) schedules. While a positive inflation target does not affect the aggregate
demand side directly, it can change the slope of the AS curve. Specifically, higher rates of steady
state inflation imply a steeper AS curve, triggering larger fluctuations of inflation in response to
variations in demand.
The intuition for this result is as follows. Price-setters anticipate that they may be stuck
with today’s price for some period of time while their real profits erode over time due to future
inflation. The higher steady state inflation, the higher the degree of forward-lookingness for
today’s price decisions, reflecting the increased relevance of future expected demand. Assume
that the economy is hit by a large and persistent recessionary demand shock such that firms
expect future demand to be low. In this case, as a higher inflation target makes firms more
forward-looking, firms tend to cut prices more aggressively in order to maximize the net present
value of real profits. All else equal, the expectation of a persisting contraction implies a stronger
period of disinflation the higher the target rate of inflation.
The numerical section reports the results based on stochastic simulations of the model. In
this section, I assume an AR(1) process for the economic shocks and revisit the frequency and
average duration of ZLB episodes for the benchmark case at 2% and an alternative target of 4%.
The model is calibrated to generate a ZLB probability of around 5% for the baseline scenario
at 2% (Reifschneider and Williams (2000)). I find that the likelihood of ZLB events increases
to 7.2% when the target rate is 4%. Moreover, the duration of a ZLB episode is 2.5 quarters
longer at 4% inflation compared to the baseline case. The quantitative results are sensitive to
the persistence of the shocks, the degree of price rigidity and the degree of inflation indexation.
I provide an extensive sensitivity analysis in a separate section.
For the stochastic simulations, I solve the model using a global solution technique to account
for future shock uncertainty affecting the decision rules of households and firms. The solution
approach is based on a collocation method (see e.g Judd (1998), Miranda and Fackler (2002)
and Schmidt (2013)). Based on this method, I develop an algorithm that exploits the fact that
the model equations can be represented as a system of difference equations over a pre-defined
grid. The major advantage of this approach is a significant speed improvement compared to the
standard implementation of the algorithm for this global solution method.
All told, my main findings shed new light on the ongoing debate about inflation targets and the
ZLB. Based on the conjecture in the Jackson Hole speech by Ben Bernanke (2010), I investigate
the implications of higher inflation targets for the behavior of firms and households. My results
caution against proposals to raise the inflation target as a policy tool to reduce the risk of ZLB
episodes. My analysis highlights the importance to keep in mind that a higher inflation target
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moves the mean and, more importantly, the variance of the distribution of the nominal interest
rate. I show that because of a change in the firms’ price-setting behavior, the effect on the
variance dominates the effect on the mean of the nominal interest rate.
The remainder of the Chapter is organized as follows. Section 2 provides a review of related
literature. Section 3 develops the New Keynesian that I use in my analysis. Section 4 presents
the analytical analysis, and Section 5 reports the simulation results from the numerical analysis.
Section 6 provides a sensitivity analysis. Finally, Section 7 concludes.

2 Related Literature
A substantial body of work has analyzed the potential for the ZLB to impede macroeconomic
performance. Starting in the early 1990s, Summers (1991) raised concerns that, as nominal
interest rates cannot fall below zero, monetary policy faces a trade-off between achieving low
average inflation and macroeconomic stability given that the latter occasionally requires negative
real interest rates to offset contractionary disturbances. Among others, Orphanides and Solow
(1990), Reifschneider and Williams (2000), Coenen et al. (2004), Williams (2009), and Kiley and
Roberts (2017) consider and quantify the effects of the ZLB in structural and semi-structural
models.
Reifschneider and Williams (2000) and Kiley and Roberts (2017), in particular, study the
consequences of higher steady state nominal interest rates for the likelihood of hitting the ZLB.
Based on stochastic simulations of the FRB/US model using historical shocks, Reifschneider
and Williams (2000) analyze how the steady state distributions of macroeconomic variables vary
when policymakers adopt different inflation targets. Their findings suggest that the zero lower
bound binds around 10% of the time at an inflation target of 0%. Raising the inflation target
rate to 2% would reduce the ZLB risk to 5%. At an inflation target of 4%, the federal funds rate
would be at ZLB only 1% of the time.
Similarly, the results in Kiley and Roberts (2017) also lend support to the idea that higher
inflation targets may be beneficial. These authors find that the ZLB binds more frequently, as
much as 40% of the time. The ZLB constraint makes it harder for monetary policy to achieve
its 2% inflation objective. As a result, Kiley and Roberts (2017) suggest that policymakers seek
an inflation target near 3%.
The complexity of the FRB/US model makes it difficult to trace out the underlying key
mechanisms that give rise to the findings in Reifschneider and Williams (2000) and Kiley and
Roberts (2017). One important difference, however, is the absence of price indexation in my
5

model compared to previous work. Price indexation reduces the degree of forward-lookingness
of price-setting firms as prices are set mechanically. Consequently, with full indexation, inflation
volatility is unaffected at positive rates of steady state inflation. In my analysis, I choose to
abstract from price indexation in the model as there is little to no empirical micro-evidence that
firms adjust their prices mechanically. I dwell deeper on this issue in Section 6. In addition,
Kiley and Roberts (2017) solve the model under the assumption of certainty equivalence (perfect
foresight) whereas I allow for shock uncertainty to affect the model solution using global solution
methods.
Several papers have studied the optimal inflation target in light of the ZLB likelihood and
the economic costs associated with higher inflation. Ngo (2018) finds that the probability of
hitting the ZLB probability falls monotonically in the inflation target when the central maximizes
household welfare. In difference to Ngo (2018), I abstract from price indexation and consider
persistent demand shocks. Both features are crucial for my perhaps surprising result that a
higher inflation can increase the risk of hitting the ZLB. He finds that the optimal target rate
is greater than 2% when the unconditional probability of hitting the ZLB is larger than 2.5%.
Schmitt-Grohé and Uribe (2010) find that the optimal inflation rate is around 0%. However,
they assume that the central bank is able to commit to policy plans such that the ZLB risk is
zero. Coibion et al. (2012) report that the optimal inflation rate is around 1.5%. I conduct a
positive analysis of the implications of higher inflation targets. I show that a higher inflation
target can be associated with substantial welfare losses as it increases the probability of deep
recessions with a binding ZLB.
A possible concern of higher target rates of inflation is the higher risk of unanchoring of
inflation expectations (see e.g. Bundesbank (2018)). An extensive literature studies the role of
trend inflation for equilibrium determinacy (e.g. Kiley (2007), Ascari and Ropele (2009), Ascari
and Sbordone (2014) or Arias et al. (2017)). The general consensus is that higher steady state
inflation shrinks the determinacy region, requiring monetary policy to act more aggressively in
response to economic disturbances.

3 The Model
This section presents the basic New Keynesian DSGE model with positive trend inflation as in
Ascari and Sbordone (2014). In the baseline model, I abstract from price indexation. The role
of price indexation will be discussed in the sensitivity analysis in Section 6.
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Households. The representative household maximizes expected lifetime utility of consumption, Ct , and labor, Nt :

E0

∞
X

(
t

β ζt

t=0

N 1+ϕ
ln Ct − t
1+ϕ

)
(1)

subject to the period-by-period budget constraint:
Pt Ct + Bt ≤ (1 + it−1 ) Bt−1 + Pt wt Nt + Γt .

(2)

Here, Pt is the price of the final good, Bt represents holdings of a one-period bond with nominal
return it , wt is the real wage, and Γt denotes firms’ profits that are distributed to households. ζt
is an exogenous discount factor shock. The household optimization problem yields the following
first-order conditions:
wt = Ntϕ Ct


1
1 + it
1
= β Et
δt+1
Ct
Ct+1 1 + πt+1
where 1 + πt ≡ Pt /Pt−1 denotes the (gross) inflation rate and δt+1 ≡

(3)
(4)
ζt+1
ζt .

Final good firms. A final good Yt is produced by perfectly competitive firms, using a continuum of intermediate inputs Yj,t indexed by j ∈ (0, 1) and a production function,
R
ε/(ε−1)
1 (ε−1)/ε
Yt = 0 Yj,t
dj
, with ε > 1. Taking prices as given, the representative final good
producer chooses quantities of intermediate goods Yj,t to maximize profits, resulting in the following demand function:

Yj,t =

Pj,t
Pt

−ε
Yt

(5)

where Pj,t is the price for intermediate good j. The aggregate price index is
R
1/(1−ε)
1 1−ε
Pt = 0 Pj,t
dj
.

Intermediate goods firms. Intermediate inputs Yj,t are produced by a continuum of monopolistically competitive firms indexed by j ∈ (0, 1) using the linear production technology
Yj,t = Nj,t . Intermediate good producers face price setting frictions as in Calvo (1983). In each
∗ , with fixed probability 1 − θ. With
period, a firm can reoptimize its nominal price, defined as Pj,t

probability θ, the firm keeps its price unchanged. Firms do not index their price to either past
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inflation or trend inflation. The firm chooses its optimal re-set price Pt∗ to maximize profits
Et

∞
X



i

θ Λt,t+i

i=0

∗
Pj,t
− wt+i
Pt+i

subject to the demand schedule in Eq. (5). Λt,t+i ≡ β


Yj,t+i

Ct
Ct+i

(6)

is the stochastic discount factor,

evaluating future profits in utility units since the household is the owner of the firm. Note that
in the model, the real wage equals real marginal cost of the firm. Finally, the aggregate price
level evolves as:
h
i 1
∗(1−ε) 1−ε
1−ε
Pt = θPt−1
+ (1 − θ)Pt
.

(7)

The solution to the profit maximization problem can be written as:
∗
Pj,t

Pt

=

ε
ε−1

Et

P∞

Et

i=0

P∞

θi Λt,t+i

i=0



θi Λt,t+i

Pt+i
Pt



ε

wt+i Yt+i
.
ε−1
Pt+i
Y
t+i
Pt

(8)

Eq. (8) can be used to show that trend inflation changes the price-setting behavior of firms
(see for example Kiley (2007), Ascari and Ropele (2009) or Ascari and Sbordone (2014)). Note
Pt+i
Pt

= (1 + πt+i ) × · · · × (1 + πt+1 )). Thus, firms use future expected inflation rates to

ε


Pt+i ε−1
discount future marginal cost that is, PPt+i
and
in the nominator and denominator
Pt
t
that

of Eq. (8), respectively. The higher future expected inflation, the larger the weight on future
expected marginal cost. Hence, firms effectively become more forward-looking, placing more
weight on future rather than on current economic conditions. I will discuss the implications of
this feature of the model in further detail in the next sections.

Price dispersion. Price dispersion is an important characteristic of models with staggered


P ,t −ε
= Nj,t . Integrating over j
price setting. For intermediate good firm j, it holds that Yt Pjt
and rearranging yields:
Yt =

1
Nt
st

with
Z
st =
0

1

Pj,t
Pt

(9)

−ε
dj.

(10)

The variable st measures the relative price dispersion across intermediate firms. st is bounded
from below by unity (e.g. Yun (1996), Christiano et al. (2011) or Schmitt-Grohé and Uribe
(2007)) and can be interpreted as a resource cost: the higher is the dispersion in relative prices,
the more labor input is needed to produce a given level of output. It is straightforward to see
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that st evolves as:
st = (1 − θ)

∗ −ε
Pj,t
+ θ πtε st−1 .
Pt

(11)

Market clearing. The market clearing conditions in the goods market and the labor market
are:
Yt = C t
Z 1
Nt =
Nj,t dj.

(12)
(13)

0

Monetary policy. The central bank sets the short-term nominal interest rate according to a
Taylor rule subject to the ZLB:
(



1 + i = max 1, (1 + i)

1 + πt
1+π

φπ 

Yt
Y

φY )
(14)

where φπ and φY denote the response coefficients to inflation and output, respectively. i represents the steady state nominal interest rate, which is given by i ≡

1+π
β

− 1. Y is steady state

output.

3.1 The Log-Linearized Model
This section provides the log-linear approximations of the equilibrium conditions around a steady
state with a positive inflation target, i.e. π > 0. In Section 6, I will show results based on the
non-linear model.
Imposing the resource constraint Yt = Ct , the Euler Equation is given by:


Ybt = Et Ybt+1 − bit − Et π
bt+1 − Et δbt+1

(15)

where π
bt denotes the log-deviation of gross inflation and bit the log-deviation of the nominal
interest rate from its steady state. Similarly, for the monetary policy rule, we have:
o
n
b
bit = max −i, φπ π
bt + φy Yt

(16)

where i is the steady state nominal interest rate.
The New Keynesian Phillips curve is derived by log-linearizing a recursive formulation of Eq.
(8) and combining it with the log-linearized expressions of Eqs. (7), (9) and (11). The New
9

Keynesian Phillips curve consists of two equations that describe the dynamics of inflation, π
bt ,
and the evolution of the present discounted value of marginal cost, ψbt :
bt+1 + κ(π)[(1 + ϕ) Ybt + ϕ sbt ] + η(π)Et ψbt+1
π
bt = βα(π)Et π




ψbt = (1 − β θ π ε ) (1 + ϕ) Ybt + ϕ sbt + β θ π ε Et ψbt+1 + ε π
bt+1

(17)
(18)

with the following expressions:
α(π) = 1 + ε π (1 − θ (1 + π)ε−1 ) > 0
κ(π) =

(19)

(1 − θβ (1 + π)ε )(1 − θ (1 + π)ε−1 )
>0
θ (1 + π)ε−1

η(π) = β π (1 − θ (1 + π)ε−1 ) > 0

(20)
(21)

Finally, the evolution of price dispersion st is derived from log-linearizing Eq. (11):
ε θ (1 + π)ε−1
π
sbt = θ (1 + π) sbt−1 +
1 − θ (1 + π)ε−1
ε




π
bt .

(22)

Note that for π = 0, it holds that η(π) = 0, α(π) = 1 and sbt ≈ 0. In this case, the New
Keynesian Philipps curve reduces to:
π
bt = β Et π
bt+1 +

(1 − θβ)(1 − θ)
(1 + ϕ) Ybt .
θ

(23)

4 Analytical Results
This section presents the key analytical results. For simplicity and analytical tractability, I
assume that ϕ = 0 in this section, i.e. linear labor disutility. This assumption simplifies the
specification of the New Keynesian Phillips curve.1 In the numerical analysis of Section 5, I allow
for the more general case of ϕ > 0.

1

When labor disutility is linear, the labor supply equation (3) is independent of hours worked and also of the
measure of relative price dispersion, st . Consequently, the variable st , which is a predetermined variable, does
not affect the dynamics of inflation and output. It only determines the evolution of labor.
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A recursive formulation of the New Keynesian Phillips curve. Iterating the New
Keynesian Phillips curve in Eq. (17) forward yields:

π
bt =

∞
X

h
i
β j α(π)j Et κ(π) (1 + ϕ) Ybt+j + η(π) β ψbt+1+j

(24)

j=0

In this analysis, I focus on low to moderate values for the inflation target, π. In particular,
1

1

assume that 1 ≤ 1 + π < (θ)− ε−1 , 1 ≤ 1 + π < (θ β)− ε .2 Furthermore, assume βα(π) < 1 such
that the infinite sum in (24) converges to a finite number. Then, it holds that α(π) ≥ 1 implying
that the weight of future expected demand and marginal cost in determining current inflation,
π
bt , increases progressively in j.
More generally, a higher trend inflation alters the firms’ price-setting behavior: an increase
in π decreases the weight on current demand (i.e. ∂κ(π)/∂π < 0) and increases the weights on
future expected demand and marginal cost (i.e. ∂α(π)/∂π > 0, and ∂η(π)/∂π > 0).3 Hence,
the contemporaneous relationship between inflation and output weakens and inflation becomes
less sensitive to variations in current demand. Instead, firms become effectively more forwardlooking, placing more weight on future than on present economic activity.

The exogenous process. In this section, I assume that the exogenous process δbt follows a
two-state Markov chain as in Eggertsson and Woodford (2003) and Eggertsson (2010). In the
short run the discount factor shock is δbt = δbS and reverts back to steady state, δbt = 0, with
probability 1 − µ in each period. This approach allows to derive the main results analytically
and represent the equilibrium conditions of the model as Aggregate Supply (AS) and Aggregate
Demand (AD) schedules. Let T denote the period in which δbt has reverted to the steady state.
Hence, the time t ≥ T denotes the long run while t < T is the short run. I focus on a long-run
equilibrium at positive interest rates (i.e. i =

1+π
β

− 1 > 0) and Ybt = π
bt = sbt = ψbt = 0.4

First, consider a large contractionary discount factor shock, δbS , such that the ZLB is binding:
δbS > δb∗ (π),

(25)

where δb∗ (π) = [φπ ωπ (π) + φY ωY (π)]−1 i and the analytical expressions for ωπ (π) and ωY (π)
are shown in Table 1. Then, there exists a locally unique bounded equilibrium at zero interest
2

These conditions ensure that α(π) > 0, κ(π) > 0 and η(π) > 0.
For a formal proof, see Ascari and Ropele (2009).
4
Appendix A.2 provides a proof showing that there exists a locally unique bounded equilibrium such that
i = 1+π
− 1 > 0 and Ybt = π
bt = ψbt = 0 in t ≥ T . Here, I implicitly assume a long-run monetary policy regime
β
which excludes that the zero lower bound is binding as a steady state outcome (see for example Eggertsson
(2010), Eggertsson and Woodford (2003)).
3
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rate in the short run such that bit = −i and π
bt = π
bSZLB , Ybt = YbSZLB and ψbt = ψbSZLB .5
Second, suppose the condition in Eq. (25) is not satisfied so that the ZLB is not reached. Denote this case as "normal times" (NT). Then, there exists a locally unique bounded equilibrium
bt = π
bSN T , Ybt = YbSN T and ψbt = ψbSN T . Appendix A.2 provides the conditions
with bit > −i and π
for determinacy of the rational-expectations equilibrium.

Table 1: Summary of Parameters and Analytical Expressions
Parameter

Description

Parameter

Description

α̃(π)

θπ µ
α(π) + η(π) 1−β
θ πε µ

ωπ (π)

K̃(π)
1−µ+φY +K̃(π) (φπ −µ)

κ̃(π)

1−θ π ε
κ(π) + η(π) µ 1−β
θ πε µ

ωπ0 (π)

K̃(π)
1−µ−K̃(π) µ

K̃(π)

κ̃(π)
1−β α̃(π) µ

ωY (π)

1
1−µ+φY +K̃(π) (φπ −µ)

ωY0 (π)

1
1−µ−K̃(π) µ

ε

ε

The short-run AS. For periods t < T , the two-state Markov chain concept implies that
Et π
bt+1 = Et Ybt+1 = 0 with probability 1 − µ or alternatively Et π
bt+1 = π
bt and Et Ybt+1 = Ybt with
probability µ. Combining the New Keynesian Phillips curve in (17) and the present discounted
value of marginal cost in (18) yields the short-run AS curve:

π
bt = β α̃(π) µb
πt + κ̃(π) Ybt

(26)

where the expressions for κ̃(π) and α̃(π) are provided in Table 1. Define the slope of the AS
curve as K̃(π) ≡ κ̃(π)/(1 − β α̃(π) µ). The slope of the AS curve depends on the relative weights
attached to future and present terms. I can show that the AS curve becomes steeper when the
inflation target increases if the following sufficient condition is satisfied.
Proposition 1. A sufficient condition for a steeper AS curve if the inflation target rate is
increased (i.e.

∂ K̃(π)
∂π

> 0) is:

β α(π) µ ≥

5

− ∂κ(π)/∂π
κ(π)
+
− ∂κ(π)/∂π
κ(π)

∂α(π)/∂π
α(π)

> 0.

(27)

Generally, my analysis focuses only on zero lower bound events that are driven by real disturbances and does
not consider liquidity traps resulting from self-fulfilling expectations as for example in Mertens and Ravn
(2010).

12

The proof can be found in Appendix A.3. Proposition 1 is a key result: a steeper AS curve
is associated with larger changes in inflation in response to variations in demand in the short
run. Intuitively, the inequality in Proposition 1 states that the effective discounting on future
expected output must be larger than the relative elasticity of the slope of the New Keynesian
Phillips curve, κ(π), with respect to an increase in the inflation target π. This condition ensures
that the weight on future expected output is large enough to compensate for the weaker response
to current output.
To gain more intuition, consider first the special case in which µ = 0. The discount factor
shock δbS reverts to the steady state with probability one in the next period. Here, Proposition 1
would be clearly violated and the slope of the AS equation becomes flatter. The reason is the following: forward-looking firms anticipate that the economy will return to its long-run equilibrium
in the next period and are reluctant to change their (relative) price because with some probability they will be unable to readjust the price while inflation erodes their real profits over time.
Consequently, Proposition 1 is satisfied only if µ > 0 is sufficiently large. The expectation of a
persistent contraction in demand can lead to a stronger change in inflation when π is higher because firms cut prices more aggressively in order to maximize the net present value of real profits.

The short-run AD. Combining the New IS curve in (15) and monetary policy in (16) yields
the Aggregate Demand curve. For t < T , the Aggregate Demand curve in normal times and at
the ZLB are:

AD: Normal Times

h
i
YbSN T = µ YbSN T − φπ π
bSN T + φY YbSN T − µ π
bSN T − µ δbS

(28)

AD: ZLB



YbSZLB = µ YbSZLB − −i − µ π
bSZLB − µ δbS

(29)

At the ZLB, higher inflation expectations decrease the real interest rate, reducing the households’ desire to save and making current spending relatively cheaper. Hence, the slope of the
AD curve becomes positive at the ZLB.

The AS-AD schedules. Figure 3 illustrates the short-run AS and AD schedules graphically. Note that a higher inflation target does not affect the aggregate demand side but only
the aggregate supply side as it affects the firms’ price-setting behavior. All else equal, a higher
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inflation target increases the slope of the AS curve if δbS is sufficiently persistent while the AD
curve remains unaffected. Hence, higher inflation targets lead to a larger response in inflation
both in normal times and at the ZLB.

Figure 3: Aggregate Supply and Aggregate Demand Schedules

(a) Normal Times

(b) At ZLB

Inflation target and macroeconomic volatility. The intersection of the AS and AD curves
represent the short-run equilibrium of the model. The solutions in normal times and at the ZLB
are:

π
bSN T = −ωπ (π) µ δbS
h
i
π
bSZLB = −ωπ0 (π) i − µ δbS

Case 1: Normal Times
Case 2: ZLB

(30)
(31)

where ωπ (π) and ωπ0 (π) are defined in Table 1. Based on the solutions, I can show that a higher
inflation target amplifies the impact of the shock on inflation. This effect is stronger when the
ZLB is binding because the adjustment of the nominal interest rate is too weak to match the
drop in inflation, further deteriorating output and prices.
Proposition 2. Given that

∂ K̃(π)
∂π

> 0, an increase in π leads to a stronger inflation response to

the shock δbS :
∂ωπ (π)/∂π > 0 and ∂ωπ0 (π)/∂π > 0

(32)

Generally, inflation responds stronger at the ZLB than in normal times, that is, ∂ωπ0 (π)/∂π >
∂ωπ (π)/∂π > 0.
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The proof can be found in Appendix A.5.. Similarly, the solution for output is:
YbSN T = −ωY (π) µ δbS
h
i
YbSZLB = −ωY0 (π) i − µ δbS

Case 1: Normal Times
Case 2: ZLB
Proposition 3. Given that

∂ K̃(π)
∂π

(33)
(34)

> 0, an increase in π leads to a weaker response of output to

the shock δbS in normal times but a stronger response at the ZLB:
∂ωY (π)/∂π < 0 and ∂ωY0 (π)/∂π > 0

(35)

In normal times, higher fluctuations in inflation lead to larger adjustments of the nominal and
real interest rate, dampening the effects of the shock on output. This is not possible at the ZLB:
lower inflation leads to a higher real interest rate causing a larger contraction in demand.

Inflation volatility and ZLB probability. A steeper AS curve can lead to a higher probability of reaching the ZLB. Suppose the shock δbS is drawn from a normal distribution such as
δbS ∼ N (0, σ 2 ) where σ is the unconditional standard deviation of the shock. As in (25), define
δb∗ (π) as the minimum shock that needs to materialize such that the ZLB binds. Furthermore,
denote the probability to observe the shock δbS = δb∗ (π) for target rate π as p. Hence, the lower
δb∗ (π), the likelier it becomes to reach the ZLB.
A higher inflation target can reduce the threshold δb∗ (π). Suppose π 0 > π. It is likelier to reach
the ZLB at π 0 iff δb∗ (π 0 ) < δb∗ (π) which is satisfied if
0

i
φπ ωπ (π 0 ) + φY ωY (π 0 )
<
φπ ωπ (π) + φY ωY (π)
i

(36)

0

where i is the steady state nominal interest rate at inflation target π 0 . To understand how (36)
is related to the slope of the AS curve, K̃(π), consider the following example. Let φπ = 1.5 and
φY = 0.5 and normalize the slope of the AS curve at inflation target rate π to 1. In this case,
the likelihood to be at the ZLB for π 0 increases only if:
0

i
i

0

K̃(π ) >

− 0.5

1.5 −

0

i
i

.

(37)

Imagine that the higher inflation target, π 0 , is associated with an increase in the steady state
0

nominal interest rate from 4% to 5% such that

i
i

= 1.25. Then, the zero bound regime becomes

likelier if the slope of the AS curve for π 0 is three times higher than before, i.e. K̃(π 0 ) > 3.
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5 Numerical Results
This section reports the results from numerical simulations of the model for alternative inflation
targets. There are two important differences compared to Section 4. First, the assumption of
linear labor disutility is removed, allowing the dispersion of relative prices to affect inflation and
output dynamics (i.e. ϕ > 0). Second, I assume that δbt follows an AR(1) process given by:
δbt = ρ δbt−1 + t ,

t ∼ N (0, σ 2 ).

(38)

5.1 Solution Method and Calibration
The log-linearized model is solved using a global solution method. More specifically, I use a
collocation method to obtain approximations of the unknown policy functions as in Judd (1998),
Miranda and Fackler (2002) or Schmidt (2013). This method allows to take the uncertainty arriving from the stochastic nature of the discount factor shock correctly into account in that firms’
and households’ expectations represent probability distributions over future economic outcomes.
Numerous papers have studied the effects of shock uncertainty for the solution of the linearized
and nonlinear New Keynesian model. Examples are Lindé and Trabandt (2018b), Adam and Billi
(2006), Adam and Billi (2007), Fernández-Villaverde et al. (2015), Gust et al. (2017), Nakata
(2016) and Richter and Throckmorton (2017). These authors show that accounting for future
shock uncertainty may or may not have non-negligible implications for equilibrium dynamics.
I discretize the continuous stochastic process for δbt using the Rouwenhorst (1995) method. The
Rouwenhorst (1995) method approximates the continuous process through a finite-state Markov
chain that mimics closely the underlying process. Based on the collocation method by Miranda
and Fackler (2002) or Schmidt (2013), I develop an algorithm that exploits the fact that the
log-linearized model can be represented on a pre-defined grid as a linear system of difference
equations. Then, the algorithm solves for the policy function approximations iteratively. In each
iteration, the procedure identifies the collocation nodes at which the ZLB constraint is binding
and updates the solution of the model accordingly. The details of the application of the algorithm
are described in Appendix A.6.
The model is parameterized at quarterly frequency. The parameter values are reported in
Table 2. The discount factor β is set to 0.995 to match a steady state nominal interest rate of
4% annually. The elasticity of substitution between differentiated goods, ε, is set to 6, implying
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a steady-state price markup of 20 percent in line with Rotemberg and Woodford (1997). The
price contract parameter θ is set to 0.84 so that the slope of the Phillips curve, κ(π), given β
and ε, equals 0.022 at a 2% inflation target. Moreover, based on the values for β and ε, the
weight on expected inflation in the Phillips curve, α(π), is 1.004 and the coefficient on the present
discounted value for marginal cost, η(π), is 0.07/100 at a 2% inflation target.
It may be possible that firms adjust prices more frequently when the inflation target is higher6 .
If this is the case, price-setting may – in fact– become less forward-looking, dampening the
amplification effects of higher trend inflation on inflation dynamics. Ultimately, the sensitivity
of the frequency of price adjustment to variations in the inflation target remains an empirical
question. However, the evidence on the relationship between higher trend inflation and the
frequency of price adjustment is mixed. For example, Fernández-Villaverde and Rubio-Ramírez
(2008) and Cogley et al. (2010) study estimated versions of the New Keynesian model for the
pre- and the post-Volcker periods. These authors find that the estimate of the Calvo probability
has remained quite stable over time. Based on micro-data from Argentina, Alvarez et al. (2011)
report that the frequency of price changes is fairly unresponsive for inflation rates below 10%.
Nakamura et al. (2018) report a substantial increase in the frequency of price adjustment for
the US in the early 1980s when inflation increased to 16%. However, the frequency of price
adjustment is found to be stable for low inflation periods. The focus of my analysis lies on low to
moderate rates for the inflation target. It therefore seems reasonable to assume that the Calvo
parameter is independent of the level of π.
For monetary policy, I use the standard Taylor (1993) rule parameters φπ = 1.5 and φY =
0.125. Finally, in the baseline calibration, the AR(1)-coefficient of the discount factor shock, ρ,
is set to 0.9 to match the persistent effects of the financial crisis and the Great Recession. The
unconditional standard deviation of the discount factor shock is calibrated to σ = 0.125/100
so that the probability of being at the ZLB is around 5% at an inflation target rate of 2%
(Reifschneider and Williams (2000)).

5.2 Numerical Experiment
The main analysis in this section is based on computations of moments from simulations of
the model. In computing these simulations, I generate 6000 samples of 200 periods (i.e. 50
years) initialized at the model’s non-stochastic steady state following Kiley and Roberts (2017).
6

For example, Bakhshi et al. (2007) study a model with state-dependent pricing as in Dotsey et al. (1999). In
this economy, the New Keynesian Phillips curve is a function of steady state inflation but is also a function of
the steady state distribution of price vintages and the number of price vintages. As trend inflation rises, firms
adjust their prices more frequently and the number of vintages declines.
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Table 2: Benchmark Parameterization
Parameter

Value

Description

β

0.995

Discount factor (quarterly)

ϕ

1

(Inverse) labor supply elasticity



6

Substitution elasticity of inputs

θ

0.84

Prob. of not resetting price

φπ

1.5

Taylor rule: Inflation response coefficient

φY

0.125

Taylor rule: Output response coefficient

ρ

0.9

AR(1)-coefficient discount factor shock

σ

0.125/100

Standard deviation of shock innovation
5% ZLB probability at π = 2% annually

α(π)

1.0042

Inflation weight in Phillips curve at π = 2%

κ(π)

0.022

Slope of Phillips curve at π = 2%

γ(π)

0.07/100

Marginal cost coefficient in Phillips curve at π = 2%

The shocks are drawn from the unconditional distribution with standard deviation σ. Similar
to Kiley and Roberts (2017), Reifschneider and Roberts (2006) and Reifschneider (2016), the
stochastic simulations allow for back-to-back recessions. The economy has not necessarily fully
recovered from a recessionary period before additional adverse shocks are realized. All else
equal, the simulations are performed for an economy with inflation targets ranging from 0% to
4% annually.
Table 3 reports the results of the stochastic simulations of the New Keynesian model. The
numbers in brackets are the standard deviations of selected model variables based on a simulation
of the New Keynesian model that ignores the ZLB constraint. In this case, the nominal interest
is allowed to fall below zero. In the baseline scenario (π = 2%), the probability of reaching the
ZLB is 5.14%. At an inflation target of 3%, the ZLB probability declines relative to the baseline
case. The ZLB is expected to bind only 2.16% of the time. The standard deviation of inflation
and the nominal interest rate are slightly higher compared to π = 2%. However, this channel is
not sufficiently strong at π = 3%. Here, a higher inflation target renders monetary policy more
scope to stabilize the economy, dampening the fluctuations in output.
The volatility effect dominates at a 4% inflation target rate. Macroeconomic performance
deteriorates significantly relative to the baseline case with inflation and output volatility being
substantially higher. The additional margin for monetary policy at π = 4% becomes effectively
irrelevant in the wake of large recessions: monetary policy responds to larger fluctuations of
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Table 3: Simulation Results
Standard Deviation (in %)

Zero Lower Bound
π

Probability

Duration

π
b

yb

bi − Eb
π

bi

0%

22.86%

4.60

0.60 (0.26)

1.87 (0.43)

0.48 (0.25)

0.29 (0.44)

1%

10.10%

3.15

0.32 (0.26)

0.67 (0.40)

0.27 (0.25)

0.43 (0.45)

2%

5.14%

2.51

0.31 (0.28)

0.48 (0.35)

0.26 (0.25)

0.46 (0.47)

3%

2.16%

2.19

0.32 (0.31)

0.29 (0.25)

0.25 (0.26)

0.49 (0.50)

4%

7.21%

5.07

0.56 (0.50)

0.90 (0.75)

0.31 (0.28)

0.67 (0.70)

Note: Mean duration at ZLB in quarters. The model with π = 1% and π = 0 are solved and simulated using
σ = 0.11/100. π
b: inflation, yb: output, bi − Eb
π : real interest rate, bi: nominal interest rate. Numbers in brackets
are standard deviations from a model which ignores ZLB constraint.

inflation by larger cuts in the nominal interest rate. In an economy with π = 4%, the ZLB is
expected to bind around 7.21% of the time. The expected average duration at the ZLB increases
by 2.5 quarters relative to the baseline case (5.07 quarters vs. 2.51 quarters). Output volatility
increases substantially because it becomes more difficult for monetary policy to stabilize the
economy in response to adverse shocks.
The probability of reaching the ZLB is substantially higher for inflation targets 0% and 1%
relative to the benchmark case. Higher fluctuations in inflation, output and the real interest rate
can be mostly attributed by the inability of monetary policy to stabilize the economy when the
ZLB is reached. The simulated standard deviations of inflation, output and the real interest rate
differ, in parts, significantly from their counterparts in an economy in which the ZLB is not a
binding constraint.
Figure 4 plots the probability density functions for the nominal interest rate, the real interest
rate, inflation and output from simulations of the New Keynesian model with π = 2% (gray
shaded area) and π = 4% (blue solid line), respectively. The distributions for the nominal
interest rate are truncated at the ZLB. In general, the distributions of all variables are more
dispersed in an economy with π = 4%. The shape of the distributions for the real interest rate
is fairly similar in both scenarios. However, there are slightly more positive realizations of the
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Figure 4: Simulated Probability Density Functions: π = 2% vs. π = 4%

real interest rate at π = 4% as a result of the higher probability of being at the ZLB.
To further illustrate the macroeconomic implications of higher inflation targets, I simulate the
model for a large adverse discount factor shock that generates an expected 4-quarter liquidity
trap in the benchmark scenario (i.e. π = 2%). Figure 5 compares the impulse responses for
the benchmark case for a target at 2% (black dash-dotted line), at 3% (gray dashed line) and
4% (blue solid line), respectively. At π = 4%, the fall in inflation is substantial and leads to
a larger cut of the nominal interest rate as compared to the benchmark case. At the ZLB, the
real interest rate increases as expected inflation declines, rendering current spending more costly
and, hence, contracting demand. The large contraction leads to a longer period at the ZLB: at
π = 4%, the nominal interest rate is zero for 8 quarters.
The previous results are sensitive to the degree of shock persistence and the degree of price
rigidities. Firms are more forward-looking if prices are more rigid and the shock is more persistent. Figure 6 shows the minimum inflation target rate that is associated with a (marginally)

20

Figure 5: Impulse Responses to Positive Discount Factor Shock

higher probability of reaching the ZLB relative to the benchmark case of π = 2% for different
combinations of the shock persistence ρ and Calvo parameter θ.7 Figure 6 shows ρ on a range
between 0.75 and 0.9 and θ between 0.75 and 0.84. π min is 9.2% for ρ = 0.75 and θ = 0.75. This
means that π = 9.2% is the lowest target rate that would be associated with a higher probability
of hitting the ZLB relative to π = 2%. Interestingly, π min declines with higher θ for given ρ but
remains nearly constant as ρ increases for given θ. Hence, the degree of price rigidities, θ, plays
a key role in determining π min .
So far, I have assumed that a higher inflation target does not change how monetary policy
responds to fluctuations in inflation and output. However, a higher inflation target can increase
the risk that inflation expectations become unanchored. As Ascari and Sbordone (2014) and

7

All else equal, I simulated the New Keynesian model for different values of ρ, θ and π. All other parameter
values are shown in Table 2.
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Figure 6: 5% ZLB Probability: Minimum Inflation Target

Note: min. π: minimum inflation target, θ : Calvo parameter, ρ: AR(1)-coefficient of discount factor shock

Ascari and Ropele (2009) and others argue, higher trend inflation shrinks the determinacy region
requiring a stronger policy response to inflation and a weaker response to output to ensure
determinacy. The previous analysis has shown that different monetary policy strategies are
desirable not only due to a higher risk of unanchored inflation expectations. A stronger policy
response to inflation could lower the risk of reaching the ZLB for higher inflation target rates. I
simulated the New Keynesian model again for different combinations of the inflation target and
the Taylor coefficients on inflation, φπ , and output, φY . Figure 7 reports the lowest value for
φπ and φY that leads to a probability at the ZLB similar to the one at π = 2%, i.e. around
5%, for different levels of the inflation target. The left panel shows the minimum value of the
Taylor coefficient on inflation φπ while holding φY constant at 0.125. The minimum φπ increases
for target rates higher than 4% relative to the baseline case (gray vertical line at φπ = 1.5).
Hence, it would require a stronger response to deviations of inflation from its target to avoid
the ZLB. Between π = 2% and 4%, the minimum value of the Taylor coefficient on inflation is
lower relative to the baseline. In this case, monetary policy can allow for a weaker response to

22

Figure 7: 5% ZLB Probability: Minimum Value for Taylor Coefficients

deviations of inflation from its target to achieve a 5% probability of reaching the ZLB. The right
panel in Figure 7 shows the minimum value of the Taylor coefficient on output φY while φπ is
constant at 1.5. Here, φY declines relative to the benchmark for π > 3%. An interpretation of
this results is that inflation stabilization is more important than output stabilization in order to
reduce the ZLB probability.

6 Sensitivity Analysis
In this section, I examine the robustness of the main findings in the previous sections. In
particular, I study the implications of higher inflation targets in the non-linear New Keynesian
model and examine the role of price indexation. Furthermore, I test the sensitivity of the main
findings against an alternative solution method and, finally, consider additional shocks for the
stochastic simulations.
Solution to the Non-Linear Model . The analysis so far is based on the semi-loglinear
New Keynesian model. All equilibrium conditions were log-linearized around the steady state
with positive inflation target, except for the interest rate rule. The implicit assumption is that
the linearized solution is sufficiently accurate. However, recent research by Lindé and Trabandt
(2018a,b) and Boneva et al. (2016) find that the results of the linearized model can substantially
differ from the solution of the non-linear model.
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Boneva et al. (2016) study fiscal multipliers at the ZLB in a tractable non-linear New Keynesian
model with zero inflation in steady state. Their findings complement earlier work by Eggertsson
(2010), Christiano et al. (2011) or Woodford (2011) in that they suggest that supply side policies
are effective in stabilizing the economy even in a low interest rate environment. Boneva et al.
(2016) argue that the reason for the conflicting results is the solution method. Boneva et al.
(2016) use the non-linear New Keynesian model and show that the dispersion of relative price
have non-negligible effects in the non-linear model. In the linearized version of the model, the
dispersion of relative prices is approximately zero.
Lindé and Trabandt (2018a,b) analyze the implications of non-linearities in a New Keynesian
model that allows for non-linearities in the price-setting behavior of firms as in Kimball (1995).
Under Kimball (1995) preferences, each producer faces a price elasticity of demand that is increasing in its own relative price, while the desired price mark-up over marginal cost is decreasing
in the relative price. Thus, a firm will temper any price increases as this would endogenously
reduce its desired mark-up. This effect is absent in a linearized model. Lindé and Trabandt
(2018a) compare the effects of government spending in a linearized and a non-linear model.
They find that fiscal spending multipliers in the non-linear model are significantly lower than
in the linearized model at constant nominal interest rates. In the non-linear model inflationary
pressures in response to the government spending shock are muted under the Kimball (1995)
specification, dampening the drop in the real interest rate. Building on their previous work,
Lindé and Trabandt (2018b) show that non-linearities in price and wage-setting can explain the
small decline in inflation in the Great Recession.
I consider a model with a Dixit-Stiglitz (1977) aggregator and a constant price elasticity
of demand. Hence, the non-linearities in firms’ price-setting behavior that are present under
Kimball (1995) are not relevant for my analysis. However, there might be other effects that are
associated with the non-linear model. I redo the stochastic simulations from the previous section
for the non-linear New Keynesian model. Table 4 summarizes the simulation results.8 The main
finding is robust: an inflation target of 4% is associated with a higher probability of hitting the
ZLB relative to the benchmark case of 2%. However, the differences are quantitatively smaller in
the non-linear model. Macroeconomic variables are less volatile which reduces both the incidence
of the ZLB and the average duration at the ZLB. An interpretation of this results is that the
linearized model overstates the degree of forward-lookingness of firms.

8

The unconditional standard deviation of the discount factor shock, σ is chosen such that the ZLB is binding
for 5% of the time for π = 2%.
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Table 4: Simulation Results for the Non-Linear Model
Standard Deviation (in %)

Zero Lower Bound
π

Probability

Duration

π
b

yb

bi

2%

5.12%

1.61

0.21

0.30

0.31

3%

1.05%

1.05

0.23

0.16

0.29

4%

5.61%

2.03

0.34

0.45

0.35

Note: Mean duration at ZLB in quarters. π
b: inflation, yb: output, bi: nominal interest rate.

Price Indexation. For the main analysis, I considered a New Keynesian model that abstracts from price indexation. To match the persistence of inflation in the data, prices are often
indexed to steady-state inflation or to past inflation rates in the literature (see for example Yun
(1996), Christiano et al. (2005), and Smets and Wouters (2007)). Price indexation mitigates the
amplification of inflation in response to economic shocks. Moreover, price indexation can completely neutralize the effects of trend inflation if firms index their prices fully to trend inflation
(e.g. Ascari and Ropele (2009) or Ascari and Sbordone (2014)). Here, the steady state allocation
coincides exactly with the allocation under flexible prices.
However, the assumption of price indexation is hardly justified on empirical and theoretical
grounds. First, studies based on micro-data on prices do not show that prices change all the time,
a property that price indexation would imply (Ascari and Sbordone (2014)). Second, as Cogley
and Sbordone (2008) or Ascari and Sbordone (2014) have shown, price indexation is not needed
to match the inflation persistence in the data when trend inflation has been correctly taken
into account in the New Keynesian Phillips curve. Cogley and Sbordone (2008) and Ascari and
Sbordone (2014) estimate a hybrid version of the New Keynesian Phillips curve under positive
trend inflation and find no evidence for a significant coefficient on the backward-looking term.
To analyze the role of price indexation in generating the previous results, I assume the following
version of the maximization problem of a price-setting firm j:

max
Et
∗
Pj,t

∞
X



i

θ Λt,t+i

i=0

∗
Pj,t
Ωt,t+i−1
Pt+i

subject to

Yj,t+1 =

Pj,t ν
Ω
Pt+1 t,t+i−1
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− wt+i

Yj,t+i

(39)

−ε
Yt+1

(40)

where

Ωt,t+i−1 = π

(1−ω)



Pt+i−1
Pt−1

ω
.

(41)

Ωt,t+j−1 represents a general price indexation rule. The parameter 0 ≤ ν ≤ 1 measures the
overall degree of indexation, while the parameter 0 ≤ ω ≤ 1 denotes the degree of indexation
to the inflation target and/or past realized inflation. Suppose that either ω = 0 (indexation to
the inflation target only) or ω = 1 (indexation to past realized inflation only). Moreover, I set
ν to ν = 0.139, ν = 0.5 or ν = 1. ν = 0.139 corresponds to the estimate in Smets and Wouters
(2003) for indexation to past inflation. Finally, I choose the unconditional standard deviation
of the discount factor shock such that the ZLB probability is roughly 5% at π = 2%. All other
parameters are shown in Table 2.
Table 5 reports the simulation results. Price indexation dampens fluctuations in inflation. The
main findings are not robust under a price indexation rule for the baseline parameterization as
shown in Table 2. Under the benchmark parameterization, a 4% inflation target is associated
with a lower probability of reaching the ZLB relative to π = 2% for all specifications of ν and
ω. Under mild price indexation to steady state inflation (ν = 0.139), the previous result can be
restored if the persistence of the discount factor shock is sufficiently high. Reaching the ZLB
becomes likelier at π = 4% if ρ = 0.92.

The Role of Uncertainty . The main analysis is based a solution of the New Keynesian
model that allows for future shock uncertainty. To assess the sensitivity of the solution method
for the main results, I redo the analysis using a perfect foresight approach to solve the model.
This method ignores any potential effects of the variance of the discount factor shock on the
decision rules of firms and households.
Table 6 compares the simulation results in the previous section with the deterministic solution.
In both cases, the discount factor shock is drawn from a normal distribution with mean zero
and standard variance σ = 0.125/100. Shock uncertainty generally affects the solution of the
model, elevating the effects of adverse shocks and the ZLB risk. The frequency of ZLB events
for the deterministic model is lower by roughly 2 percentage points for target rates 2% and 4%,
respectively. The results for an inflation target of 3% differ only minimally between the stochastic
and the deterministic approach: as ZLB events are generally rare, shock uncertainty basically
does not impact the model solution.
Overall, my main findings do not hinge on the specific solution method. The quantitative
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Table 5: Simulation Results for the Log-Linearized Model with Price Indexation
ZLB Probability
Indexation to Inflation Target (ω = 0)

Indexation to Past Inflation (ω = 1)

ρ = 0.90

ρ = 0.90

ρ = 0.92

π

ρ = 0.92

ν = 0.139

2%

5.1%

5.2%

5.1%

5.2%

4%

4.6%

6.3%

0%

0.5%

π

ν = 0.5

2%

5.3%

5.3%

5.0%

5.0%

4%

2.3%

4.9%

0%

0%

π

ν=1

2%

5.9%

5.1%

5.1%

5.1%

4%

1.6%

3.8%

0%

0%

differences between both approaches reflect the impact of future shock uncertainty on the decision
rules of households and firms.
Table 6: Simulation Results: Stochastic Model vs. Deterministic Model

π

Stochastic Model

Deterministic Model

ZLB
Probability Duration

ZLB
Probability Duration

2%

5.14%

2.51

3.2%

2.09

3%

2.16%

2.19

1%

1.50

4%

7.21%

5.07

5.5%

3.88

Note: Mean duration at ZLB in quarters.
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Effects of Additional Shocks. In addition to the discount factor shock, I consider a price
markup shock which affects inflation dynamics via the New Keynesian Phillips curve. In this
case, the Phillips curve is given by:

bt+1 + κ(π)[(1 + ϕ) Ybt + ϕ sbt ] + η(π)Et ψbt+1 + γ
bt
π
bt = βα(π)Et π

(42)

where ζbt is an exogenous shock following an AR(1) process
2
γ
bt = ρM γ
bt−1 + M with M ∼ N (0, σM
).

(43)

Assume that ρM = 0.75. All other parameters are shown in Table 2 in the previous section.
Figure 8 shows the impulse responses to a large negative markup shock for an economy with
inflation target 2% (dash-dotted black line), 3% (dashed gray line) and 4% (blue solid line),
respectively. The negative markup shock causes a decline in inflation. To match the large
decline in inflation, the nominal interest rate is reduced to its lower bound. As a consequence,
the real interest rate increases and thus output falls. The ZLB lasts for 5 quarters in the baseline
case π = 2%. A 4$ inflation target amplifies inflation dynamics, further deteriorating economic
activity. For π = 4%, the ZLB lasts for 10 quarters. Note that in response to smaller markup
shocks that do not imply a binding ZLB inflation and output would move in opposite directions.
I solve the model allowing for random disturbances of the discount factor shock and a price
markup shock. I assume that both shocks are uncorrelated. For simplicity, assume that σ = σM
which is chosen such that the observed probability of being at the ZLB is about 5%. Table 7
summarizes the simulation results for alternative values of the AR(1)-coefficient for the price
markup shock, ρM . A higher inflation target leads to a higher probability of hitting the ZLB
only if the cost push shock is sufficiently persistent. A 4% inflation target is associated with a
higher risk of hitting the ZLB relative to a 2% target for ρM ≥ 0.75.
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Figure 8: Impulse Responses to Negative Markup Shock
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Table 7: Simulation Results: Discount Factor Shock and Markup Shock
Standard Deviation (in %)

Zero Lower Bound
Probability
π

Duration
π
b
ρM = 0.5

yb

bi

2%

5.12%

2.01

0.25

0.43

0.25

4%

2.51%

1.85

0.31

0.48

0.29

π

ρM = 0.75

2%

5.11%

2.66

0.34

0.51

0.35

4%

8.70%

5.50

0.55

1.22

0.44

Note: Mean duration at ZLB in quarters. ρC : AR(1) coefficient for cost-push shock. π
b: inflation, yb: output, bi:
nominal interest rate.

7 Conclusion
This paper studies the implications of inflation targets for the behavior of firms and households
in light of the current debate to raise the inflation target as a policy tool to reduce the incidence
of the ZLB. I argue that the level of inflation itself can be a source of macroeconomic volatility,
especially in deep recessions with binding ZLB. This generates a non-trivial economic trade-off as
higher fluctuations in inflation require stronger adjustment in the nominal interest rate, limiting
the effective safety margin for monetary policy in recessions. My paper presents a case in which
inflation volatility has a first-order effect. Based on stochastic simulations of the New Keynesian
model, I find that higher inflation targets are associated with a higher probability of hitting the
ZLB. In this example, an increase in the inflation target rate from 2% to 4% would increase the
probability of hitting the ZLB from around 5% to 7.21%.
The main focus of this paper is to investigate the role of higher inflation targets as a driving
factor for inflation volatility. In this context, the choice of a simple New Keynesian framework
seems reasonable to present the results in a tractable way. However, a direction for future research
would be to examine to which extent the key findings in this paper are robust to extensions of
the model. One dimension involves the estimation of the parameters of the model. In particular,
it is straightforward to see that crucial parameters are the persistence of the shocks, the average
duration of a firm’s price, as well as the degree of indexation. For the latter, macroeconomic
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evidence commonly suggests that the slope of the Phillips curve is rather low, corresponding to a
high duration between price changes (e.g. Smets and Wouters (2003, 2007) or Altig et al. (2011)).
Other considerations concern the relevance of the mechanism that are described in this paper for
larger models incorporating more nominal and real frictions (see e.g. Smets and Wouters (2003,
2007) or Christiano et al. (2005)). In this context, it would be interesting to study the role of
wage rigidities for inflation dynamics. On the one hand, wage stickiness as modelled for example
in Erceg et al. (2000) can reinforce price stickiness and, hence, forward-looking behavior of firms.
This generates an additional source of higher inflation volatility when inflation target are raised.
On the other hand, wage rigidities add persistence to inflation, counterbalancing the effects of
higher inflation targets on inflation volatility.
While this paper focuses on the implications of the level of the inflation target for the ZLB risk,
it generally abstracts from other issues that relate to the implementation of a higher inflation
target. One concern is how to manage the transition to a higher target rate. It would involve
effective communication of the permanent nature of the monetary regime shift as well as the
conduct of policies to move up inflation and inflation expectations. The recent experience in
Japan shows how difficult the effective implementation of an inflation target could be. As part
of a large-scale policy package known as Abenomics, the Bank of Japan introduced an official
inflation target of 2% in 2013. Currently, while inflation expectations have generally increased,
inflation is still below target, suggesting that private agents are still doubtful whether the adopted
inflation target is indeed credible (e.g De Michelis and Iacoviello (2016)).
Overall, the main finding in this paper adds a new angle to the debate over whether the
inflation target should be raised. It highlights the role of the level of the inflation target itself
for inflation volatility, effectively determining the likelihood of reaching the ZLB on nominal
interest rates. As a consequence, the results caution against raising the target rate of inflation
while ignoring how this would change the behavior of economic agents. Finally, they call for
rethinking and reevaluating the benefits and risks involved in changing a central bank’s inflation
target.
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A Appendix
Appendix to Chapter 2

A.1 Derivation of the New Keynesian Phillips Curve Under a Positive Inflation
Target
Suppose that in each period a firm can re-optimize its nominal price with fixed probability 1 − θ,
while with probability θ it charges the price of the previous period. The firm j which re-optimizes
∗ to maximize expected profits:
its price in period t chooses Pj,t

Et

∞
X

∗
(θβ)i Λt+i Pj,t
Yj,t+i − Γ(Yj,t )



(44)

i=0

subject to the demand function

Yj,t+i =

∗ −ε
Pj,t
Yt+i
Pt+i

(45)

where Λt+i is the stochastic discount factor, Γ(Yj,t ) = mct+i Yj,t+i is total cost and mct+i = wt+i
is marginal cost.
Let p∗j,t =

∗
Pj,t
Pt

be the relative price of the optimizing firm in period t. The first-order condition

of the firm’s problem can be written as:
p∗j,t

P∞ j
ε
ε ψt
ε Et j=0 θ Λt+i Yt+i Πt,t+i mct+i
=
=
P∞ i
ε−1
ε−1
ε − 1 φt
Et i=0 θ Λt+i Yt+i Πt,t+i

(46)

where Πt,t+i denotes the cumulated gross inflation rate over i periods:

Πt,t+i =





1

for i = 0
(47)


π
t+1 × ... × πt+i
with πt =

Pt
Pt−1

for i = 1, 2, ...

is the gross inflation rate. We can rewrite ψt and φt recursively:
ε
ψt = Λt mct Yt + θβEt [πt+1
ψt+1 ]

(48)

ε−1
φt = Λt Yt + θβEt [πt+1
φt+1 ]

(49)

Let Pt be the price index associated with the final good yt . It is a CES aggregate of the prices
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of the intermediate goods, Pj,t . It evolves as follows:
1

Z
Pt =
0

1−ε
Pj,t
di

1
 1−ε

h
i 1
1−ε
∗1−ε 1−ε
= θPt−1
+ (1 − θ)Pj,t

(50)

Rearraging the equation above gives:

p∗j,t

1 − θπtε−1
=
1−θ


1
 1−ε

(51)

Price dispersion between intermediate goods prices Pi,t affects the relationship between employment, Nt and output Yt . Assume each firm produces with a linear production technology:
Yj,t = Nj.t . Using the demand function in Eq. (40), aggregate labor demand is:
1

Z
Nt =

Nj,t dj

(52)

0
1

Z
=

1

Z
Yj,t dj = Yt

0

0

Pj,t
Pt

−ε
dj

(53)

Let st be a measure of price dispersion:
Z
st =
0

1

Pj,t
Pt

−ε
dj,

(54)

aggregate output can be expressed as:
Yt =

Nt
.
st

(55)

Using Eq. (50), we can rewrite st :
∗ −ε
Pj,t
st =(1 − θ)
+ θπtε
Pt
(
)
 ∗ −ε
 ∗ −ε
Pt−1
P
t−2
× (1 − θ)
+ θ2 (1 − θ)
+ ....
Pt−1
Pt−1



=(1 − θ)(p∗j,t )−ε + θπtε st−1 .

(56)

We can now log-linearize Eqs. (46), (48), (49) and (51) around a deterministic steady state
with trend inflation rate π. Let b denote log-deviations from steady state. We do not model
b t = −Ybt . We obtain the following expression for the
the household side explicitly. Note that Λ
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dynamics of inflation:
bt+1 + κ(π)mc
c t + η(π)Et ψbt+1
π
bt = βω(π)Et π




with ψbt = b(π) (ϕ + 1) Ybt + ϕb
st + (1 − b(π))Et ψbt+1 + π
bt+1

(57)
(58)

ω(π) = 1 + ε π (1 − θ (1 + π)ε−1 )
κ(π) =

(1 − θβ (1 + π)ε )(1 − θ (1 + π ε−1 ))
θ (1 + π ε−1 )

η(π) = β π (1 − θ (1 + π ε−1 ))
b(π) = 1 − θβ (1 + π ε )
bt . Using Eq. (55), we can
Furthermore, we have following labor supply equation: w
bt = Ybt + ϕN
rewrite mc
c t:
mc
c t = (1 + ϕ) Ybt + ϕ sbt .

(59)

We can use the expression above to obtain the generalized New Keynesian Phillips curve:
bt+1 + κ(π)[(1 + ϕ) Ybt + ϕ sbt ] + η(π)Et ψbt+1
π
bt = βω(π)Et π

(60)

Finally, we can use Eqs. (56) and (51) to show that price dispersion evolves as:
st−1 + d(π)b
πt
sbt = c(π)b
with c(π) = θπ ε and d(π) =

εθπ ε−1
(π − 1).
1−θπ ε−1

(61)

Note that in a zero inflation steady state, i.e. π = 1,

we have:
sbt = θb
st−1 .

(62)

Hence, small perturbations have a zero first-order impact on sbt . This implies that for π = 1 that
Eq. (60) becomes the familiar New Keynesian Phillips curve:
π
bt = βEt π
bt+1 + κYbt .
with κ =

(1−θβ)(1−θ)
.
θ
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(63)

A.2 Determinacy Conditions
In the long-run (i.e. δbt = 0), the matrix representation of the model is given by
 


Ybt
Ybt+1
 


 


π
bt  = A ×  π
bt+1 
 


b
b
ψt
ψt+1
with


1 + φY
φπ


A =  −κ(π)
1

1 − θ β πε 0

−1 

1
1
0
0
 

 

0 0 β α(π) η(π) 
 

ε
ε
0 θβπ ε θβπ
1

(64)

(65)

In general, the characteristic polynomial associated with the cubic matrix, A, is:
− λ3 + T λ2 − M λ + D,

(66)

where T , M , D denote the trace, the sum of principal minors of order two, and the determinant
of matrix A, respectively. Here, it holds that
T =

1
[1 + κ(π) + β α(π) (1 + φY ) − b(π) φπ η(π) − (b(π) − 1) (1 + φY + κ(π) φπ )]
1 + φY + κ(π) φπ
(67)

(α(π) β − η(π) b1(π)) − (b(π) − 1) κ(π) − (b(π) − 1) (1 + φY ) (α(π) β − η(π) ε)
1 + φY + κ(π) φπ
−β (b(π) − 1)
D=
1 + φY + κ(π) φπ

M=

(68)
(69)

Brooks (2004) states that a necessary and sufficient condition for determinacy is that all eigenvalues of A lie inside the unit circle. The necessary and sufficient conditions in terms of T , M
and D are:
|D| < 1

(70)

|T + D| < M + 1

(71)

D2 − T D + M < 1

(72)

Substituting the expressions for T , M and D in the conditions above returns the expressions
stated in the text.
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A.3 Proof of Proposition 1
First, note that ∂α(π)/∂π > 0, ∂κ(π)/∂π < 0 and ∂η(π)/∂π > 0 hold if Assumption 2 is satisfied
(the proof can be find in Ascari and Ropele (2009)). Define b2(π) = −(b(π) − 1). It can be easily
seen that ∂b2(π)/∂π = β θ ε π ε−1 > 0. If the determinacy conditions are fulfilled, we can solve
for the aggregate supply curve:
π
bS =

κ̃(π)
YbS .
1 − β α̃(π) µ

(73)

Substituting the expressions for α̃(π) and κ̃(π) gives
µ2 η(π) b2(π) ε
π
bS = 1 −
1 − β α(π) µ


−1 


κ(π)
η(π) µ b(π)
+
YbS .
1 − β α(π) µ (1 − β α(π) µ) (1 − µ b2(π))

(74)

We can rewrite the expression above as:
1 − β α(π) κ(π) 1 − µ θ β π ε
π ε − π ε−1
2 2 2
ε
−
µ
θ
β
ε
π
π
bS =
κ(π)
1 − β µ θ π ε−1
(1 − β θ π ε ) (1 − β µ θ π ε−1 )


Recall that ε > 1. Denote B =

κ(π)
1−β α(π) µ .

−1
YbS . (75)

Then, a sufficient condition to ensure that

∂b
πt /∂ YbS > 0 is
∂κ(π)/∂π
κ(π) β µ∂α(π)/∂π
∂B
=
+
≥0
∂π
1 − β α(π) µ
(1 − β α(π) µ)2

(76)

Rearranging yields
β α(π) µ ≥

− ∂κ(π)/∂π
κ(π)
− ∂κ(π)/∂π
+
κ(π)

∂α(π)/∂π
α(π)

> 0.

(77)

A.4 Proof of Proposition 2
The solutions for inflation are:
π
bSN T = −ωπ (π) zbS

(78)

π
bSZLB = −ωπ0 (π) zbS

(79)

Case 1: Normal times
Case 2: ZLB
with ωπ (π) =

K̃(π)
1−µ+φY +K̃(π) (φπ −µ)

and ωπ0 (π) =

K̃(π)
.
1−µ−K̃(π) µ
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Provided that ∂ K̃(π)/∂π > 0 and φφ > 1, it holds that

Case 2: ZLB
0 (π)
∂ωπ
∂π

>

> 0 and

0 (π)
∂ωπ
∂π

> 0 that is



1 − µ + φY
∂ K̃(π)
>0
∂π
1 − µ + φY + K̃(π) (φπ − µ)


1−µ
∂ K̃(π)
>0
∂π
1 − µ − K̃(π) µ

Case 1: Normal times

Note that

∂ωπ (π)
∂π

∂ωπ (π)
∂π

(80)
(81)

as
K̃(π) φπ (1 − µ) > 0.

(82)

Hence, an increase in π leads to a higher inflation response in the model at the ZLB.

A.5 Proof of Proposition 3
The solutions for output are:
YbSN T = −ωY (π) zbS

(83)

YbSZLB = −ωY0 (π) zbS

(84)

Case 1: Normal times
Case 2: ZLB
with ωY (π) =

1
1−µ+φY +K̃(π) (φπ −µ)

and ωY0 (π) =

1
.
1−µ−K̃(π) µ

Provided that ∂ K̃(π)/∂π > 0 and φφ > 1, it holds that

Case 1: Normal times
Case 2: ZLB

−

∂ωY (π)
∂π

< 0 and

∂ K̃(π)
(φπ − µ) < 0
∂π
∂ K̃(π)
µ>0
∂π

0 (π)
∂ωY
∂π

> 0 that is

(85)
(86)

A.6 Numerical Algorithm
h
i0
b 0 be the vector of decision rules for the two variables of the model, inflation and
Let Z = π
b0 , Y
output. I approximate Z over the states s which are defined over the state variables Ybt−1 and δbt
by a linear combination of n known basis functions φi for i = 1, ...n:

b
Z(s) ≈ Φ(s)
C

(87)

where C = [cy cπ cψ cs ]0 and cj = [cj1 ... cjn ], j = {y, π, ψ, s}. cπ is the solution for inflation, cy
the solution for output, cψ the solution for marginal cost and cπ the solution for price dispersion.
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Φ(s)
0
b

Φ(s)
=
0
Φ(s)

(88)

where Φ(s) is defined as Φ(s) = [φ1 (s) . . . φn (s))]. φi (s), i = 1, .., n is a vector of basis
functions over the states s. The coefficient vector C is set such that Eq. (87) holds exactly
at n selected collocation nodes. Let the column vectors d and y contain the grid points of the
discount factor shock and output, respectively. The vectors have length nl , l ∈ {d, s}. The total
number of grid points is n = nd × ns . The grid is defined by matrix S:


[1ny ⊗ d]0

0


S=
[y ⊗ 1nd ]0

(89)

where S has dimension n × 2 and 1h is a column vector of ones of length h. ⊗ denotes the
Kronecker product. Then, it holds:

b
Z(S) = Φ(S)C

(90)

b
is a block matrix
Note that Φ(S)

0
...
Φ(S)


 0
Φ(S) . . .
b
Φ(S) = 
 ..
..
 .
.
0


0










(91)


φ1 (S (1,:) ) . . . φn (S (1,:) )


..
..


Φ(S) = 

.
...
.


φ1 (S (n,:) ) . . . φn (S (n,:) )

(92)

0

...

0

0
..
.
Φ(S)

where


b
Φ(S)
has dimension 2n × 2n and Φ(S) is n × n. S (k,:) refers to the elements in row k of

matrix S. For example, the value of the policy function for variable x on grid point dj , sk will
be approximated by
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π
b(dj , y k ) =
yb(dj , y k ) =

n
X
i=1
n
X

φi (dj , y k ) cπi

φi (dj , y k ) cyi .

i=1

I use linear spline basis functions where the breakpoints coincide with the collocation nodes.
b
This implies that Φ(S)
is an identity matrix. Thus, the policy function approximations are
identical to the vector coefficients C:
Z(S) = C.

(93)

It is possible to write a system of log-linearized equations over the grid S. In matrix notation,
the system of difference equations over the grid S is given by:
A Z(S) = B EZ(S) + D + F S.

(94)

where A, B, D and F are matrices that contain the parameters or constants of the model
equations.
EZ(S) are the expected functions and are specified as follows. Assume that the discount
factor shock follows an AR(1) process: δbt = ρd δbt−1 + εdt with εdt ∼ N (0, σd2 ). I use the Rouwenhorst (1995) method to discretize the exogenous process. The Rouwenhorst (1995) method
approximates the continuous process through a finite-state Markov chain that mimics closely
the underlying process. The Rouwenhorst (1995) method is an efficient method to discretize, in
particular, continuous processes with very high persistence, near unit root. The Rouwenhorst
(1995) method approximates the discount factor shock through a discrete-spaced Markov chain
over an evenly spaced grid δ of length nd for the discount factor shock. The values for the shock
over the grid will be determined by the unconditional standard deviation σ. I choose nd = 45
and σ = 0.125/100. The method generates the equally spaced grid d for the discount factor
shock and an nd × nd transition matrix for the discount factor shock. Let ΩR be the transition
matrix. It is defined as:



ω R (d1 )0


..


ΩR = 

.


0
R
ω (dnd )

(95)

where ω R (dj )0 is a column vector containing the transition probabilities associated with the
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element dj of vector d. For the expected function, EZ(S), the basis functions are evaluated for
the matrix S

E,R

:

0

[ 1nd ⊗ d ⊗ 1ns ]0

=
[cs ⊗ (1nd ⊗ 1nd )]0


S

E,R

(96)

Then, the expected function, EZ(S), can be represented as:
b R Φ(S
b E,R ) C
EZ(S) = Ω

(97)

where


Ω̃R

0n×n2 ns



0n×n2 ns
R
d
b
Ω =

0n×n2 ns
d

0n×n2 ns
d

d

0n×n2 ns
d

Ω̃R

0n×n2 ns

0n×nm

Ω̃R

0n×n2 ns

0n×n2 ns

d

d

d

0n×n2 ns



d



0n×n2 ns 
d


0n×n2 ns 
d

R
Ω̃


0
...
ω R (d1 )0


 0
ω R (d2 )0 . . .
ω̃ R = 

..
..

.
.
0

0



S

E,R

...

0n2 ns ×n 0n2 ns ×n 0n2 ns ×n

0

d

0
0
0
..
.
ω R (dnd )0

...

0

0
0
..
.
ω̃ R





















d
d
d




E,R

0n×n2 ns 0n2 ns ×n 
0n2 ns ×n S
E,R
d
d
d
b


)=
Φ(S

0n2 ns ×n 0n2 ns ×n S E,R 0n2 ns ×n 
d
d
 d

E,R
0n2 ns ×n 0n2 ns ×n 0n2 ns ×n S
d


ω̃ R 0 . . .


 0 ω̃ R . . .
R
Ω̃ = 
 ..
..
 .
.
0





E
E
...
φn (S (1,:) )
φ1 (S (1,:) )


E
..
..


Φ(S ) = 

.
...
.


E
E
φ1 (S (n2 ns ,:) ) . . . φn (S (n2 ns ,:) )
d

d

d

b E,R ) is 4n2 ns × 4n and
b R is of dimension 4n × 4n2 ns , Ω̃R is n × n2 ns , ω̃ R is nd × n2 , Φ(S
Ω
d
d
d
d
Φ(S

E,R

) is n2d ns × n.

In matrix notation, the system of difference equations over the grid S is given by:
A Z(S) = B EZ(S) + D + F S.

(98)

b R Φ(S
b E,R ) C + D + F S
AC = BΩ

(99)

Or equivalently,

The goal of the algorithm is to find the policy function approximation C using an iterative
approach. In each iteration step, I use the current solution for C to check for grid points where
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n
o
bt = max log β, φπ π
the ZLB is binding. Recall the truncated Taylor rule: R
bt + φy Ybt . The
column vector D has elements equal to log β at the grid points for which the ZLB is binding and
0 otherwise. At these grid points the Taylor rule will be basically "turned off" and the Taylor
coefficient, ϕ is effectively zero. Similarly, I set ϕ = 0 in parameter matrix A at all points where
the ZLB is binding. I use the following iterative approach to find the coefficient vector C:
1. Start with a guess C 0 . Compute S
2. Given S

E,R

E,R

b E,R ), A and D based on C 0 .
, Φ(S

b E,R ), A and D, solve for C new :
, Φ(S
b R Φ(S
b
C new = [A − B Ω

E,R −1

)]

[D + F S]

3. Update C 1 = λC 0 + (1 − λ)C new with λ = 0.5. Then, compute S

E,R

(100)
b E,R ), A and D
, Φ(S

based on C 1 .
4. Redo the previous steps until ||vec(C s − C s−1 )|| < z with z = 10−8 or s >= 300.
I choose nd = 45 and ns = 11 so that the total number of grid points is n = nd × ns = 495.
For nd = 45, I have 45 Markov states for the approximation of the stochastic discount factor
shock.
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