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1 Introduction

1.1 Overview

Since the global financial crisis (GFC) and the subsequent Great Recession, nominal interest
rates in the U.S. and other developed economies have been persistently lower than before the
GFC. Inflation rates, however, have also continued to be low in these economies and in some
inflation-targeting economies, have been below the targets. This low inflation, low interest
rate environment presents a challenge for central banks. When the short-term nominal
interest (policy) rate is low, the central bank’s ability to use its conventional monetary
policy tool and cut its policy rate during a recession or an economic downturn is more
limited. As shown by Kiley and Roberts (2017), in such an environment the frequency and
length of hitting the effective lower bound (ELB) on the nominal interest rate are higher,
and this may lead to poorer economic performance associated with inflation and economic
activity being more volatile and systematically falling short of their desirable levels. To
alleviate these concerns, several alternative policy frameworks have been proposed. One
such framework is for an inflation-targeting central bank to simply raise its inflation target,
as proposed by Blanchard, Dell’ Ariccia and Mauro (2010), Ball (2014), and Krugman (2014),
among others.!

Raising the inflation target, especially in a low interest rate environment, in turn poses a
substantive policy question: Does raising the target entail an increase in the nominal interest
rate? This question has an important policy implication because if a higher inflation target
entails a reduction in the nominal rate, policy implemented to avoid the ELB may, in fact,
result in hitting the ELB. The answer to this question is relatively clear in the long run.
From the Fisher equation,

1= Eymeg + 1y (1)

where 7; is the nominal interest rate, r; is the real interest rate, and FE,m;,, is the one-

period ahead expected inflation rate. The nominal interest rate and expected inflation, and

!Two other notable alternative frameworks that have been proposed are price-level targeting (e.g., Gas-
par, Smets and Vestin (2010), Bernanke (2017), and Williams (2017)) and nominal-income targeting (e.g.,
McCallum and Nelson (1999), Frankel (2013), and Williams (2016)). For other studies on changing the
inflation target, see Williams (2016), Rosengren (2018), and Summers, Wessel and Murray (2018).



hence actual inflation, move together one-for-one in the long run insofar as the classical
dichotomy holds, i.e., the long-run real interest rate is independent of nominal variables and
is solely determined by macroeconomic fundamentals such as the discount rate and long-run
output growth. Building on this long-run relationship, Cochrane (2016) and Williamson
(2016) argue that a central bank can raise inflation even in the short run by setting a higher
interest rate consistent with an inflation target. They dub this property Neo-Fisherism.

In the short run, however, the answer is not so clear-cut. The presence of nominal frictions
such as price and wage rigidities complicates the short-run relationship between the inflation
target, inflation, and the nominal interest rate. The comovement between inflation and the
nominal interest rate may break down, as nominal shocks (e.g., an increase in the inflation

target) have short-run effects on the real interest rate.

1.2 Main findings and contribution

In this paper, we investigate the Neo-Fisherian property, which we define, following Garin,
Lester and Sims (2018), as a positive comovement between the nominal interest rate and
inflation conditional on a change in the inflation target. We do this first within a prototypical
New Keynesian model, where the closed-form analytical solution is readily available, and
then in a more general model with rich backward-looking elements, estimated to the U.S.
economy. Our main findings and contribution are summarized as follows.

First, we investigate the relationship between Neo-Fisherism and the monetary policy
stance as well as the deep parameters in the prototypical New Keynesian model involving
forward-looking and backward-looking elements. We show that as the monetary authority
reacts more aggressively to the deviation of inflation from its target, inflation and the nominal
interest rate are less likely to comove positively following an increase in the inflation target.
In addition, backward-looking (forward-looking) elements make them less (more) likely to
positively comove in response to the inflation target shock.

However, we find that the model is most likely to exhibit Neo-Fisherism for a range of
compelling structural parameter values unless the monetary authority reacts to inflation in
an extremely aggressive manner, close to strict inflation targeting. This is true in spite of

the presence of rich backward-looking elements in the model.

3



The intuition behind this finding can be understood from the Fisher equation (1). When
the target is raised, the real interest rate decreases contemporaneously irrespective of the
value of the inflation reaction coefficient in the policy rule. When the central bank reacts
extremely aggressively to the inflation deviation, e.g., under strict inflation targeting, infla-
tion and expected inflation are largely stabilized around the target level. It follows then,
from (1), that the nominal interest rate is less likely to increase in the short run, in line
with the reduction in the real rate. Allowing for backward-looking elements in the model
also enhances the likelihood of a contemporaneous decrease in the nominal interest rate, as
these elements reduce the change in expected inflation and cause a larger decrease in the real
interest rate following an increase in the inflation target. On the other hand, when the infla-
tion reaction coefficient is low, e.g., a Taylor-rule coefficient of 1.5, agents expect inflation to
be less stabilized, which implies that expected inflation jumps more following an increase in
the inflation target. This in turn enhances the possibility of short-run comovement between
inflation and the nominal interest rate. Here, the increase in expected inflation is sufficiently
high to counteract the decrease in the real interest rate. We find that the upper bound of the
inflation reaction coefficient that guarantees Neo-Fisherian results is considerably larger than
most compelling values found in the literature for the U.S. and other economies. Thus, New
Keynesian models with typical parameterizations of a Taylor-type rule and other standard
model equations considered in the literature will most likely exhibit Neo-Fisherism.

Second, we confirm our first main finding using an estimated New Keynesian model of
the U.S. economy. We allow for rich backward-looking elements in the model, such as habit
formation in consumption, price indexation to past inflation, and interest-rate smoothing.
Our results show that the U.S. economy exhibits Neo-Fisherism over an empirically-plausible
range of parameter values. Despite the presence of rich backward-looking elements, the
positive comovement between inflation and the nominal interest rate is only reversed for an
implausibly-large value of the inflation reaction coefficient in the policy rule. Conditional on
our estimates of the policy rule parameters, even maximum price indexation to past inflation
or full habit formation in consumption cannot break down Neo-Fisherism.

Third, we consider a more generalized price indexation scheme in which firms explicitly

take into account the current inflation target in their price-setting process. We adopt this



indexation specification from Feve, Matheron and Sahuc (2010), who find gradual changes
in the inflation target have been a major driving force of business cycle fluctuations in the
euro area. This specification leads to a generalized New Keynesian Phillips curve (NKPC)
where current inflation depends directly on the inflation target, in addition to past inflation,
expected inflation, and the output gap. This indexation scheme enhances the forward-
looking effect following a change in the inflation target and increases the possibility of Neo-
Fisherism. We compare the model with this generalized NKPC to an otherwise conventional
New Keynesian model of the U.S. economy using Bayesian model selection procedures and
find that the U.S. data strongly support the model with the generalized NKPC. Our first
and second findings, however, do not depend on this indexation scheme and the generalized

NKPC specification.’

1.3 Related literature

Our paper is closely related to several recent studies in the literature.

We contribute to resolving the discrepancy between theoretical and empirical findings
on Neo-Fisherism in New Keynesian models. For example, Ireland (2007), Cogley, Primiceri
and Sargent (2010), Castelnuovo (2012), and Uribe (2018) find that a highly persistent or a
permanent change in the inflation target leads to a short-run positive comovement between
inflation and the nominal interest rate, based on estimated models for the U.S. economy
with rich backward-looking elements. Garin, Lester and Sims (2018) meanwhile argue that
a modest, empirically plausible degree of backward-looking behavior in the NKPC (through
"rule-of-thumb” price setters) can eliminate Neo-Fisherism using a strict inflation target-
ing rule, even when the monetary authority raises the inflation target almost permanently.
Our first main finding provides an answer on why they reach different conclusions. As we
discussed previously, the strict inflation-targeting rule considered in Garin, Lester and Sims
(2018) overstates the role of the backward-looking component in the NKPC in breaking down
Neo-Fisherism and understates the role of the forward-looking effect in inflation expectations

formation.

2Regarding the robustness of our results in respect of the indexation to the inflation target, see Proposi-
tion 4 in Section 3.2 for the analytical result and Section 4.5 for the empirical result.



In addition, the generalized NKPC considered in our paper is closely related to the spec-
ification of the NKPC in Uribe (2018). He assumes that inflation and the nominal interest
rate are both cointegrated with a permanent monetary policy shock. These specifications
of the permanent monetary policy shock and the NKPC are similar to a special case of
our model in which the inflation target shifts permanently and prices are fully indexed to
the inflation target (i.e., when firms are not allowed to optimally adjust their prices in a
Calvo (1983) manner).? Based on his estimated model, Uribe (2018) finds that a permanent
monetary policy shock leads to an immediate increase in the nominal interest rate, inflation,
and output and to a decline in the real rate, both in a structural VAR model and a New
Keynesian DSGE model. Those responses of the key macroeconomic variables are similar to
our findings in the special case outlined above. Our paper, however, shows that this positive
comovement could hold even under a non-permanent shift in the inflation target and with
a substantial degree of backward-lookingness in the NKPC. Further to this, we also look at
the impact that monetary policy stance has on this comovement.

The finding that strict inflation targeting understates the role of forward-looking elements
in inflation expectations formation is also consistent with the implications of Bhattarai, Lee
and Park (2014a), who consider a purely forward-looking New Keynesian model. They find
that inflation almost always overshoots changes in the inflation target for plausible param-
eterizations in the literature. Our findings show that allowing for backward-looking com-
ponents in the model under strict inflation targeting may alter their conclusion. However,
regardless of the existence of backward-looking components, the monetary policy stance af-
fects inflation expectations formation in the same way. The inflation overshooting identified
by Bhattarai, Lee and Park (2014a) is equivalent to the positive comovement between infla-
tion and the nominal interest rate in our paper, given that the nominal interest rate reacts
positively to the inflation gap—the difference between inflation and its target—in the policy
rule. More importantly, they show that a stronger reaction to inflation in a Taylor-type rule

decreases the response of inflation, implying that Neo-Fisherian results are less likely.

3See Section 2.1 for the generalized NKPC specification.



1.4 Organization

The rest of this paper is organized as follows. Section 2 presents a prototypical New Keyne-
sian model and introduces a generalized NKPC where firms explicitly take into account the
inflation target in their price-setting process. Section 3 analytically studies the relationship
between Neo-Fisherism and monetary policy as well as several key structural parameters of
the model. Section 4 considers a more general model estimated to the U.S. economy, which
we use to investigate the short-run comovement between the inflation target, inflation, and
the nominal interest rate for a range of empirically plausible parameter values. Section 5

concludes.

2 The prototypical New Keynesian model

We present a prototypical New Keynesian model along the line of the textbook model in Gali
(2015). This simple model has a rich enough propagation mechanism for our purpose and it
allows us to derive a closed-form analytical solution in Section 3. In particular, we consider a
generalized version of a New Keynesian Phillips curve (NKPC) in which firms explicitly take
into account the change in the inflation target when setting their prices.” This generalized
NKPC produces a stronger forward-looking effect, which enlarges the region of the parameter
space in which raising the inflation target necessitates a short-run increase in the nominal
interest rate. We first introduce the generalized NKPC and then complete the model with an
IS curve and two different monetary policy rules: strict inflation targeting and a Taylor-type

rule.

2.1 A generalized New Keynesian Phillips curve with an inflation-

target adjustment

As in Calvo (1983) and Yun (1996), only a (1 —#) € [0, 1) fraction of the firms are allowed

to optimally adjust their prices at any given period. Similar to Feve, Matheron and Sahuc

4Section 4 provides empirical support for this specification in the U.S. economy. Using a similar specifica-
tion, Feve, Matheron and Sahuc (2010) find that gradual changes in the inflation target have been a major
driving force of business cycle fluctuations in the euro area.



(2010), firms that are not allowed to adjust optimally, with probability 6, simply index their
prices to a weighted average of past gross inflation II, 1, the gross inflation target at time t

IT7, and steady-state gross inflation IT:
. . * T1l—7 T 1—
Py(i) = Py ()IL (071 ,) ¢ (2)

where ¢ € [0, 1] is interpreted as the degree of indexation to the current inflation target,
7 is associated with the degree of indexation to the first lag of inflation as in Christiano,
Eichenbaum and Evans (2005). There are two relevant special cases of the price indexation
mechanism in (2). First, when 7 = 0 it is equivalent to the price-setting mechanism with
indexation to the weighted average of the inflation target and the steady-state inflation rate,
and there is no dependence of past inflation in the NKPC. Second, when ¢ = 0, we have
the standard hybrid NKPC resulting from the indexation mechanism with the steady-state
inflation rate and past inflation. We will discuss how the inflation target evolves over time
later when we discuss monetary policy.

Each optimizing firm ¢ chooses an identical optimal nominal price, f’t, to maximize the

expected discounted sum of profits
D Querat® | PGS (I0070) Y (0) = Wos(0)Lea )] (3)
s=0

where Q¢4+ is the nominal stochastic discount factor between ¢ and t + s.

The resulting first-order condition of the firms’ optimal pricing problem and the asso-
ciated aggregate-price level equation based on the indexation rule (2) make up the pricing
block of the model. Taking the first-order approximation of these equations around the
steady state leads to a generalized version of the New Keynesian Phillips curve (NKPC)

equation®:

m—7(1— 0)m_1 — om; = BE; |:7Tt+1 —7(1 — o)m — gﬁfﬂ} + Ky (4)

®The indexation rule in (2) implies that we allow for non-zero steady-state inflation in the log-linearization.



where
(1-68)1—6)(c+mn)
0 )

m; denotes inflation deviation from its steady state, and y; denotes the output gap, defined as
the log deviation of output from its natural level.® The slope of the NKPC & is a function of
structural parameters. Here, 5 € (0, 1) is the discount factor, o > 0 is the inverse elasticity
of intertemporal substitution, and n > 0 is the inverse Frisch elasticity of labor supply.

Equivalently, (4) can be written as

T = Whe—1 + VrEim + Ry + 0 (W: - 5Et7:+1) (5>
where
_ 1(1-0)
Y = T 5 O
L+ B7(1 - o)
Yy = o
T 1481 =)
5= &
1+ B7(1 - o)
B K
A= ———.
1+ p7(1 - o)

When 7 = 0 the NKPC above reduces to a purely forward-looking version,

™ — om; = PE; [7Tt+1 - QW:H] + Kyt (6)

Additional details on the derivation of (4) are presented in Appendix A.

SWhen firms follow the full indexation scheme with ¢ = 1 in (2) and the inflation target shifts permanently
(i.e., ¢pn = 1 in (8)), the NKPC in (4) collapses to T = SEm41 + Ky where T, = m — 7, which is the
NKPC specification in Uribe (2018). See equation (15) in Uribe (2018) for more details. Note that Uribe
(2018) assumes that inflation and the nominal interest rate are cointegrated with a permanent monetary
policy shock. Thus, the permanent monetary policy shock considered in Uribe (2018) is equivalent to the
permanent shock to the inflation target in our paper. This becomes clear when we consider the Fisher
equation in the long-run because raising the nominal interest rate permanently implies in fact raising the
inflation target permanently (which should be equal to expected inflation in the long run), given that the
long-run real interest rate is solely determined by macroeconomic fundamentals.



2.2 IS curve and monetary policy

The log-linearized version of the New Keynesian model yields the following representation

for the IS curve:

L 1—h
1+h

h .
Eypr + ——p1—0 (i — Eymii), (7)

1+h

A

where 4; is the nominal interest rate deviation from its steady state and h € [0,1) is the
internal habit parameter as in Fuhrer (2000).” Setting h = 0 in (7) results in a standard
forward-looking IS curve.

In terms of monetary policy, the inflation target is adjusted as follows:

Ty = QreTyg + €nny (8)

where 7} is the inflation target deviation from steady-state inflation, 0 < ¢« < 1, and €+, #
0 when the central bank newly adjusts the inflation target.® When ¢,- = 1, the inflation
target is adjusted permanently, and it is equivalent to shifting its long-run target (steady-
state inflation). We consider two different types of monetary policy: (i) strict inflation
targeting and (ii) a Taylor-type rule.

Under strict inflation targeting, the monetary policy authority conducts monetary policy

in such a way to set inflation to its target:

T — 7Tz<. (9>

Under a Taylor-type rule, the authority adjusts the nominal interest rate according to

it = wﬂ-(ﬂ't - 7:).9 (10)

“For now, without any loss of generality, we assume away the technology shock and the preference shock.

8This autoregressive specification follows that considered in Cogley, Primiceri and Sargent (2010), Del Ne-
gro, Giannoni and Schorfheide (2015), and Bhattarai, Lee and Park (2016).

9This interest-rate rule is assumed to respond to the inflation gap only to be comparable to the strict
inflation targeting rule. This specification also helps to find an analytical solution when allowing for a
backward-component in the NKPC. However, we will consider a Taylor-type rule in which the nominal
interest rate responds to the output gap in addition to the inflation gap in Section 4.

10



Note that strict inflation targeting is a special case of this Taylor-type rule in that the
policymaker puts a high weight on inflation such that ¢, — oo in (10). Finally, structural
parameters are collected in © = (¢r+, ¢, ¥y, 0,7,0,0,h, 3,7).

3 Analytical results based on the prototypical NK model

In this section we analytically show the relationship between Neo-Fisherism and the model’s
key structural parameters. We first use a strict inflation-targeting rule, which permits a
closed-form solution of the model even with the presence of backward-looking elements. We
then consider a Taylor-type rule and examine how the comovement between inflation and the
nominal interest rate depends on the inflation gap reaction coefficient. Our analytical result
will show that strongly reacting to the inflation gap amplify the effect of backward-looking

elements of the model on breaking down Neo-Fisherism.

3.1 Monetary policy rule 1: Strict inflation targeting

We first examine how the backward-looking component in the NKPC reduces the possibility
of Neo-Fisherism. To focus on this component, we consider a purely forward-looking IS curve

by setting h = 0 in (7), which results in
Y = By — 0 iy — Eympgn). (11)

We will take into account the backward-looking component in the IS curve later. Thus, the
model consists of the generalized NKPC (4), the IS curve (11), the evolution of the inflation
target (8), and the strict inflation-targeting rule (9). Since inflation always increases in the
inflation target under strict inflation targeting, we only need to check the response of the

nominal interest rate. The solution for the nominal interest rate is given by

i = Wo(©)7; + Wy (O), (12)

11



where ¥((0) and ¥,(0) are functions of the structural parameters ©."° Using this solution,
we analytically characterize the responses of the nominal interest rate conditional on changes
in the inflation target with respect to the structural parameters such as 7, g, ¢+, 0, and o

as follows.

Proposition 1 Under strict inflation targeting (9) with the generalized hybrid NKPC' (4)
and the IS curve (11), the model is more likely to exhibit a comovement between inflation
and the nominal interest rate conditional on changes in the inflation target (Neo-Fisherism)

as

(i) the degree of the backward-lookingness in the NKPC is weaker (i.e., T in (4) gets

smaller),

(i1) prices are more indezed to the inflation target in price-setting (i.e., o in (4) gets larger),

and
(iii) the change in the inflation target is more persistent (i.e., ¢p« in (8) gets larger).

Proof. See Appendix B. =

What is the intuition behind this proposition? Consider first the effect of the backward-
looking parameter, 7. Suppose the economy is initially in the steady state and the monetary
authority decides to increase the inflation target. Under strict inflation targeting, current
inflation is completely stabilized at its target. The hybrid NKPC (5) shows that current
inflation is determined by the weighted sum of expected inflation, past inflation, the output
gap, and the inflation target. Given expected inflation, a larger value of 7 puts more weight
on past inflation, which remains at its steady-state level and is unaffected by the inflation-
target shock. This in turn requires a larger increase in the output gap to satisfy the given
increase in inflation through the NKPC. A larger increase in the output gap is associated
with a larger reduction in the real interest rate through the IS curve (11). From the Fisher
equation, it follows then a large enough value of 7 may lead to a reduction in the nominal

interest on impact and result in breaking down Neo-Fisherism. A similar intuition on the

10See Lemma 1 in Appendix B for the solution.
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Figure 1: The Neo-Fisherian region in the (o, ¢,+) parameter space under strict inflation
targeting for different degrees of backward-lookingness in the NKPC
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Note: The sign of ‘+’ indicates a pair of (o, ¢,-) values associated with the positive comovement between
inflation and the nominal interest rate conditional on a change in the inflation target. The structural
parameter 7 is related to the extent to which firms take into account past inflation in setting their prices.
See the hybrid NKPC in (4). Weset 8 =0.99, 0 =1, 7= 1, and § = 0.7.

relationship between backward-looking element in the NKPC and Neo-Fisherism is discussed
in Garin, Lester and Sims (2018), under the same strict inflation targeting rule.

On the other hand, as g gets larger, firms are relatively more forward-looking in their
price-setting. This results in an NKPC with a higher degree of forward-lookingness, i.e.
lower -y, and higher v, and 0 in (5). All else equal, the output gap does not have to increase
as much to satisfy the NKPC, and hence, the required reduction in the real interest rate in
the IS curve is smaller. The presence of price indexation to the inflation target thus enlarges
the parameter space associated with Neo-Fisherism. The comovement between inflation and
the nominal interest rate is more likely as o gets larger. Notice that the intuition above
depends on the extent of the jump in expected inflation. This is where the value of ¢,
comes into play. As the inflation target is more persistent, expected inflation jumps higher
for a given increase in the target, which raises the possibility of Neo-Fisherism.!'!

To numerically check the impact of these structural parameters on the Neo-Fisherian

HUnder strict inflation targeting, Eymiy1 = Eym} 11 = ¢p+m;. Hence, the jump in expected inflation
for a given increase in the inflation target only depends on the value of ¢,«. Under a Taylor-type rule,
however, expected inflation also depends on the values of 7 and p, i.e., on the degree of backward- or
forward-lookingness in the economy.

13



relationship, we calibrate the model with 8 = 0.7, § = 0.99, ¢ = 1, and n = 1 throughout
this section, unless noted otherwise. These parameter values are associated with the slope
of the NKPC x = 0.26. Figure 1 presents the Neo-Fisherian regions for 7 = 0, 0.25, and
0.50, across the parameter space of (g, ¢+). Thus, Figure 1 shows whether a set of values for
structural parameters (7, o, ¢.+) is associated with a positive comovement between inflation
and the nominal interest rate. The other parameters are set to the same values as noted
before. Comparing the three panels in the figure, we confirm the results in Proposition 1. In
particular, Panel (c) under 7 = 0.50 shows that the Neo-Fisherian region shrinks drastically
in comparison to Panel (a) under 7 = 0. When 7 = 0.50, even a nearly permanent increase in
the inflation target (¢.+ ~ 1) cannot ensure Neo-Fisherism unless the indexation parameter
to the inflation target p is roughly greater than 0.5. Thus, under strict inflation targeting,
the effect of 7 appears to be significant in determining the response of the nominal interest

rate on impact to a change in the inflation target.!?

Proposition 2 Under strict inflation targeting (9) with the generalized hybrid NKPC' (4)
and the IS curve (11), the model is more likely to exhibit a comovement between inflation
and the nominal interest rate conditional on changes in the inflation target (Neo-Fisherism)

as

(i) the slope of the NKPC' is steeper (i.e., K in (4) gets larger) and

(11) the elasticity of intertemporal substitution gets higher (i.e., 1/o in (11) gets larger).

Proof. See Appendix B. =

Proposition 2 shares a similar intuition and implication to Proposition 1. As the slope
of the NKPC gets steeper (i.e. prices are more flexible), inflation is more sensitive to the
output gap. In addition, the output gap is more sensitive to the real interest rate as the
elasticity of intertemporal substitution gets higher. Therefore, the increase in the inflation
target requires a smaller decrease in the real interest rate (given expected inflation), making

the model more likely to exhibit Neo-Fisherism.

12Note that the coefficient on 7;_; in (12) increases in 7 and hence, this lagged effect can alter the shape
of the impulse response of the nominal interest rate conditional on the inflation target shock over time. See
Lemmas 1 and 3 in Appendix B.
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Figure 2: The Neo-Fisherian region in the (o, ¢,+) parameter space under strict inflation
targeting for different slopes of the NKPC
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Note: The sign of ‘+’ indicates a pair of (o, ¢.+) values associated with the positive comovement between
inflation and the nominal interest rate conditional on a change in the inflation target. The Calvo parameter
6 is inversely related to the slope of the NKPC k in (4). We set 8 =0.99, c =1, and n = 1.

Figure 2 graphically illustrates the positive comovement for the parameter space of
(0, ¢n+) with two different values of the Calvo parameter 6."* Under § = 0.7 (benchmark),
Neo-Fisherism requires a value of ¢,« greater than 0.6 when o = 0. However, as g increases,
the region of the parameter space associated with Neo-Fisherism expands massively. We then
consider an alternative value of § = 0.8, which implies a flatter NKPC slope of x = 0.10."*
As suggested by Proposition 2, the flatter NKPC slope shrinks the Neo-Fisherian region.
Similar to the benchmark case of § = 0.7, however, the model is more likely to exhibit
Neo-Fisherism as the value of p increases.

Our results and intuition from the hybrid NKPC case imply that allowing for a backward-
looking component in the IS curve as in (7) may also limit the parameter space associated

with Neo-Fisherism. To focus on this effect, we set 7 = 0 and arrive at the following

13We set 7 = 0 in generating the figure to solely focus on the effect of the slope of the NKPC.

The flattening of the Phillips curve in the U.S. and other advanced economies since the early 1980s
has been documented in various studies, for example, Roberts (2006), Kuttner and Robinson (2010), and
Blanchard (2016).
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Figure 3: The Neo-Fisherian region in the (o, ¢,+) parameter space under strict inflation
targeting for different degrees of backward-lookingness in the IS curve
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proposition.

Proposition 3 Under strict inflation targeting (9) with the generalized NKPC' (6) and the
hybrid IS curve (7), the model is more likely to exhibit a comovement between inflation and
the nominal interest rate conditional on changes in the inflation target (Neo-Fisherism) as

the degree of the backward-lookingness in the IS curve is weaker (i.e., h in (7) gets smaller).

Proof. See Appendix B. =
Figure 3 confirms the proposition with three different values of h = 0.0,0.25,0.50 and

shows that the Neo-Fisherian region shrinks as the degree of the backward-lookingness in

the IS curve gets stronger.

3.2 DMonetary policy rule 2: a Taylor-type rule

We now consider a Taylor-type rule (10), which is a more realistic setting to study the
possibility of Neo-Fisherism. In particular, we examine the interaction between the inflation
reaction coefficient in the Taylor-type rule with the backward-looking component in the

NKPC. Our findings under strict inflation targeting in the previous section show that the
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backward-looking component in the NKPC appears to be more important than that in the
IS curve in reducing the Neo-Fisherian region. Thus, this section focuses on the backward-
looking component in the NKPC, but we will confirm our findings numerically in a more
general setting based on the estimated model of the postwar U.S. economy in the next section.
The inflation reaction coefficient 1, is restricted to be greater than one to ensure equilibrium
determinacy and less than infinity to distinguish a Taylor-type rule in this section from strict
inflation targeting.'®

Under the Taylor-type rule (10), the solutions for inflation and the nominal interest rate
are given by

T — q)o(@)ﬂ': -+ (I)1<@)7Tt,1, (13)
it = F0(®>7T: -+ Fl((‘))ﬂ't,l, (14)

where the coefficients ®¢(0), ©1(0), I'1(O), and I'1(0) are all functions of the structural

parameters ©.' Based on these analytical solutions, we arrive at the following proposition.

Proposition 4 Under the Taylor type-rule (10) with the IS curve (11) and the generalized
hybrid NKPC' (4),

(i) inflation always increases in the inflation target,

(ii) the model is least likely to exhibit a comovement between inflation and the nominal
interest rate conditional on changes in the inflation target (Neo-Fisherism) under strict

inflation targeting compared to a Taylor-type rule, all else equal, and
(111) (i) and (i) still hold when o = 0.

Proof. See Appendix B. =

Proposition 4 above has an important implication for our assessment on the importance

of the backward-looking component in the NKPC. It indicates that assuming strict inflation

5Bhattarai, Lee and Park (2014b) analytically show that the Taylor principle, under which the nominal
interest rate reacts to more than one-for-one to in ation in the long-run, is a necessary and sufficient condition
for determinacy in the New Keynesian model with backward-looking elements. Thus, the lower bound for
1 18 set to one in our analysis. For details on the Taylor principle, see Bullard and Mitra (2002).

16Gee Lemma 2 in Appendix B for the solution.
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targeting may overstate the role of the backward-looking component in breaking down Neo-
Fisherism and understate the possibility of Neo-Fisherism. Furthermore, as strict inflation
targeting is a special case of the Taylor-type rule when v, — oo, Proposition 4 implies
that Neo-Fisherism can be less likely as 1, gets larger. We will confirm this implication
numerically in the next section.

The intuition behind Proposition 4 is as follows. Under strict inflation targeting, inflation
and expected inflation are completely stabilized at the inflation target level. Under a Taylor-
type rule, however, agents expect inflation to be less stabilized, i.e., expected inflation and
inflation jump more following the increase in the inflation target. All else equal, and given the
Fisher equation, this higher jump in expected inflation makes a contemporaneous increase
in the nominal interest rate more likely and increases the possibility of Neo-Fisherism. Note
that the comovement also depends on the response of the real interest rate. Following the
increase in the inflation target, the real interest rate decreases contemporaneously, both
under strict inflation targeting and a Taylor-type rule. The occurrence of Neo-Fisherism
thus depends on whether the increase in expected inflation is high enough to counteract the
decrease in the real interest rate.

We confirm our intuition using the impulse response functions to an inflation target shock
for two different values of inflation reaction coefficient, ¢,. The benchmark case assumes the
standard Taylor-rule coefficient of ¢, = 1.5 as in Taylor (1993), while we set a higher value
of 1, = 40 in the second case to mimic strict inflation targeting. We set ¢ = 0 to shut down
the effect of the indexation scheme to the inflation target and further assume 7 = 0.5. This
large value of 7 implies a degree of backward-lookingness in the NKPC that is close to the
highest value for the U.S. economy reported in Gali and Gertler (1999).'" The persistence
parameter of the inflation target shock is set to ¢« = 0.98, which is our posterior mean
estimate for the U.S. economy presented in the next section. Other parameters are set as
follows: 6 =0.99,0 =1,n=1, and § =0.7.

Panel (a) of Figure 4 shows that in spite of the presence of a significant degree of

backward-looking component in the NKPC, the nominal interest rate increases on impact

17 The degree of backward-lookingness in our NKPC () is 0.33, when 7 = 0.5, p = 0, and 8 = 0.99. This
is in line with the upper estimate of -, in Gali and Gertler (1999) — see their Table 2.
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Figure 4: Impulse response functions to an inflation target shock for different values of the

inflation reaction coefficient
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Note: The figure plots the impulse response functions of selective variables to a 1% per annum inflation
target shock for different values of the inflation reaction coefficient in a Taylor-type rule 1. The high value
of ¢, = 40 is chosen to mimic strict inflation targeting. Other parameters are set to 7 = 0.5, o = 0,
¢nr =098, =099, 0 =1,n=1, and § =0.7.

when 1, = 1.5. On the other hand, when v, = 40, raising the inflation target necessitates

a contemporaneous decrease in the nominal interest rate. Panels (b) and (c) of Figure 4

confirm that both expected inflation and inflation increase larger when v, = 1.5 compared

to the case when ¢, = 40. Here, expected inflation rises by 2.5% on impact following a

1% increase in the inflation target, while it increases almost one-to-one (0.98%) with the

inflation target when 1, = 40. Notice that the real interest rate decreases by less on impact

for smaller v),, which also contributes to the occurrence of Neo-Fisherism when 1, = 1.5.
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Figure 5: The Neo-Fisherian region in the (o, ¢.+) parameter space under a Taylor-type rule
for different values of ¥,
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Note: The sign of ‘+’ indicates a pair of (p, ¢r+) values associated with the positive comovement between
inflation and the nominal interest rate conditional on a change in the inflation target. The parameter 1, is
the reaction coefficient to the inflation gap in the Taylor-type rule. The high value of ¢, = 40 is chosen to
mimic strict inflation targeting. Other parameters are set to 7 =0.5, 5 =0.99, 0 =1,n =1, and § = 0.7.

In sum, the nominal interest rate under v, = 1.5 increases by 1.4% on impact, but under
1. = 40 it decreases by about 0.7%.

The implication that strict inflation targeting may understate the forward-looking effect
is consistent with the finding in Bhattarai, Lee and Park (2014a), who consider a purely
forward-looking New Keynesian model with the same monetary policy rule as ours. They find
that inflation almost always overshoots the inflation target for reasonable parameterizations
in the literature. More importantly, they show that a stronger reaction to inflation in a
Taylor-type rule decreases the response of inflation to the inflation target shock.'® While
their model lacks any backward-looking component, the key intuition is applicable to our
analytical findings. In a way, strict inflation targeting understates the role of the forward-
looking element and overstates the role of the backward-looking element in the NKPC in

forming inflation expectations.

18See Propositions 1 and 2 in Bhattarai, Lee and Park (2014a) for more details.
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We next examine how the inflation reaction coefficient 1, affects the Neo-Fisherism
region across the parameter space of (o, ¢r+), using the same values of ¢, above. Other
parameter values are set as noted previously. Figure 5 shows that Neo-Fisherian region is
markedly smaller under ¢, = 40. In contrast, under the standard Taylor-rule coefficient of
1. = 1.5, even when there is no indexation to the inflation target (0 = 0), there is a positive
comovement between inflation and the nominal interest rate as long as the persistence of
the inflation-target shock is roughly greater than 0.7. This corresponds to a half-life of the
inflation-target shock of only 1.9 quarters for the model to exhibit Neo-Fisherism, even with

a substantial degree of backward-lookingness in the NKPC.

4 Comovement between inflation and the nominal in-
terest rate in the U.S. economy

Our analytical finding in the previous section that a reasonably-parameterized, prototypical
New Keynesian model with a hybrid NKPC and a Taylor-type rule is likely to exhibit Neo-
Fisherism naturally raises a question: Does the finding still apply when the model is extended
to include richer backward-looking components such as habit formation and interest-rate
smoothing? In this section, we answer this question using an estimated New Keynesian

model of the U.S. economy.

4.1 Model and structural parameter values

The model considered in this section consists of (i) IS curve with habit formation in (7),
(ii) the generalized NKPC with backward- and forward-looking elements in (4), (iii) the

inflation-target adjustment in (8), and (iv) a Taylor-type rule with interest-rate smoothing,

iy = Qiig—1 + (1 — &) [Vr(me — 7)) + hyue] + €, (15)

where €, is the monetary policy shock.
The model is fitted to the U.S. data with the time unit of one quarter using four ob-
servables: GDP per capita, CPI inflation, the federal funds rate, and the ten-year inflation
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Table 1: U.S. economy: Model Parameters and Comparison

Unrestricted Restricted Description
(Benchmark) (o =0)

I3 0.99 0.99 Quarterly discount rate
o 1.60 1.60 Preference parameter
h 0.64 0.65 Habit formation
K 0.11 0.11 NKPC slope
T 0.26 0.05 Indexation to past inflation
0 0.76 0.00 Indexation to the inflation target
Uy 1.46 1.45 Inflation coefficient in the interest rate rule
Py 0.42 0.42 Output coefficient in the interest rate rule
i 0.90 0.90 Smoothing parameter in the interest rate rule
oy 0.98 0.98 Persistence of the inflation target shock
Inp(Y'|M) -444.12 -446.25  Log marginal likelihood
Pr(MJY) 0.89 0.11 Posterior model probability

Note: The values for the structural parameters except for 8 are from the posterior mean estimates for the
U.S. economy with the sample period of 1982:Q1 to 2009:Q2.

expectations from the Blue Chip Economic Indicators survey and the Survey of Professional
Forecasters. Del Negro and Schortheide (2005) and Del Negro, Giannoni and Schorfheide
(2015) show that including the ten-year inflation expectations helps track historical move-
ments in the time-varying inflation target over time because it contains information on
low-frequency inflation movements. The estimated model has four economic shocks, includ-
ing the inflation-target shock.!” More details about the model and the Bayesian estimation
procedure are contained in Appendix C.

In the benchmark model, we consider the general case of p € [0, 1]. We will later consider
a restricted model with o = 0 in the estimation to assess if our findings are robust to the
specification of the indexation scheme to the inflation target in the NKPC (4) in Section 4.5.
Note that the calculated posterior model probabilities and log marginal likelihoods for the
two different models presented in Table 1 show that the benchmark model without the
restriction of p is strongly supported by the data compared to the restricted model with
0 = 0. For example, the posterior model probability for the benchmark model is 0.89 while

19The four shocks are a monetary policy shock added to the Taylor-type rule, an inflation target shock
to the evolution of the inflation target, a cost-push shock added to the generalized NKPC, and a preference
shock added to the IS curve. The sample period for the estimation ranges from 1982:Q4 to 2009:QQ2, excluding
the passive monetary policy period and the Volcker-disinflation period as shown in Lubik and Schorfheide
(2004) and the zero-lower bound period, in which unconventional monetary policy has been conducted.
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that for the restricted model with o = 0 is 0.11 only.

Table 1 presents the structural parameter values. We calibrate the quarterly discount
rate B to 0.99. The values of other parameters are set based on the posterior mean estimates.
The habit formation parameter and the inverse elasticity of intertemporal substitution are
h = 0.64 and o = 1.60, respectively. The parameter values for the NKPC in (4) are 7 = 0.26,
p=0.76, and kK = 0.11. These values imply that firms’ price-setting behavior is governed by
the indexation weights of 0.06 for past inflation, 0.18 for the steady-state inflation rate, and
0.76 for the inflation target. The low value of « is associated with the flattening Phillips curve
in the U.S. economy, which has been documented in various studies, e.g., Roberts (2006),
Kuttner and Robinson (2010), and Blanchard (2016), and Proposition 2 in this paper shows
that the flat NKPC reduces the possibility of Neo-Fisherism. The Taylor-rule coefficients are
e = 1.46, ¢, = 0.42, and ¢; = 0.90. The inflation reaction coefficient v is within the range
of compelling values described in Schmitt-Grohé and Uribe (2007) and also consistent with
the estimates found in the literature. The inflation target persistence parameter is estimated
to be ¢+ = 0.98, which is largely consistent with the value for the postwar U.S. economy
set in various studies in the literature (e.g. Cogley, Primiceri and Sargent (2010), Del Negro,

Giannoni and Schorfheide (2015), and Bhattarai, Lee and Park (2016)).

4.2 Impulse response functions to inflation-target adjustment

To assess how changes in the inflation target affect various variables in the model, Figure 6
plots the impulse responses to a 1% per-annum inflation target shock. In addition to the
estimated ¢« = 0.98, we also consider the case of ¢, = 0.65, which corresponds to the
cut-off value—the lower bound of ¢, «—for the model to exhibit Neo-Fisherism. All other
parameter values are set as in Table 1.

Under the benchmark parameterization with ¢« = 0.98, inflation increases on impact by
more than 3% per annum in response to a 1% increase in the target. This positive inflation
gap—the gap between inflation and the inflation target—is due to a higher expected inflation,
caused by the persistent (but temporary) increase in the inflation target. Inflation remains
elevated well above the initial target even after 20 quarters, and so does the nominal interest

rate. Associated with the increase in the inflation target, the monetary authority needs to
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Figure 6: Impulse responses to an inflation target shock for different values of ¢,
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Note: This figure plots the impulse responses of selective variables to a 1% per annum inflation target shock
for different values of inflation target persistence, ¢.«. The value of ¢,~ = 0.98 is the posterior mean for
the U.S. economy and the value of ¢+ = 0.65 is a counterfactual value which ensures Neo-Fisherism with

parameterization of the U.S. economy except for ¢,«. All other parameter values are set as in the benchmark
model of the U.S. economy presented in Table 1.

contemporaneously raise the nominal interest rate by about 0.43% per annum on impact.
Despite a prolonged period of higher nominal interest rates, higher expected inflation is

associated with only a relatively-short period of lower real interest rates, resulting in a

comparable period of higher output levels.?’

20Tn Appendix C.3, we show that despite a same positive response of the nominal interest rate on impact,
an inflation target shock is not equivalent to a contractionary monetary policy shock in a Taylor-type rule.
Under a contractionary monetary policy shock, the increase in the nominal interest rate is associated with
a higher real interest rate and lower inflation and output level.
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When ¢, = 0.65 instead, the nominal interest rate is unchanged on impact and it
increases slightly in the next several quarters. In this case, a much lower increase in expected
inflation leads to inflation to increase by 0.9% per annum only on impact. The half-life of
the inflation target shock when ¢,« = 0.65 is about 1.6 quarters only. Thus, as long as the
half-life of the inflation target shock is greater than 1.6 quarters, the monetary authority
needs to increase the nominal interest (policy) rate in order to raise the inflation target.

The impulse responses based on the estimated model thus support our finding that the
U.S. economy is most likely to exhibit Neo-Fisherism. Raising the inflation target would
cause a large increase in expected inflation, resulting in a short-run positive comovement

between inflation and the nominal interest rate.

4.3 Neo-Fisherism, the Taylor rule, and the degree of backward-

or forward-lookingness

We now study how the comovement between inflation and the nominal interest rate is af-
fected by monetary policy stance, i.e., the inflation reaction coefficient v, and the degree of

backward- or forward-lookingness in this more general model.?!

4.3.1 The Taylor-rule inflation reaction coefficient

Figure 7 plots the Neo-Fisherian region in the parameter space of (p, ¢,+) for the bench-
mark parameterization in Panel (a) and for ¢, = 40 in Panel (b). All other parameters,
including the past indexation parameter 7, are set to the parameter values in the benchmark
model presented in Table 1. Panel (b) can be thought of as an approximation to the strict
inflation targeting rule with v, — oo. Comparison of Panels (a) and (b) of Figure 7 clearly
demonstrates that the model under the Taylor-type rule with v, = 1.46 in Panel (a) exhibits
Neo-Fisherism for a much wider range of values of p and ¢,~. Here, even when there is no
indexation to the inflation target (p = 0), the comovement occurs as long as ¢, = 0.85 or

larger. When ¢, = 40, a higher inflation target necessitates a contemporaneous decrease in

2l'We focus only on the effect of the inflation reaction coefficient v, in the Taylor-type rule because, as
shown in Appendix D, a stronger reaction to the output marginally increases the possibility of Neo-Fisherism,
especially relative to the effect of 9.
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Figure 7: The Neo-Fisherian region in the (p, ¢.+) parameter space under a Taylor-type rule
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Note: The sign of ‘+’ indicates a pair of (p, ¢.«) values associated with the positive comovement between
inflation and the nominal interest rate conditional on a change in the inflation target. All other parameter
values are set as in the benchmark model presented in Table 1.

the nominal interest rate regardless of the persistence of the inflation target, for any value
of p lower than 0.43.

In Panel (c) of Figure 7, we instead depict the Neo-Fisherian region under the assumption
of 7 = 0.50, with all other parameter values, including ), set as in the benchmark model
presented in Table 1. In the alternative parameterization, 7 = 0.50 constitutes a high degree
of indexation to past inflation and is above the 90th percentile of our estimate for the U.S.
economy. Comparing Panel (c) to Panel (a), we observe that the Neo-Fisherian region is
only marginally smaller when 7 = 0.50 than under the benchmark parameterization with
7 = 0.26. Even when there is no indexation to the inflation target (p = 0), the comovement
occurs as long as ¢« > 0.88. This is in stark contrast to the result in Panel (b) under the
appoximate-strict inflation targeting (¢, = 40), discussed previously. Thus, an extremely
high value of the inflation reaction coefficient in the Taylor-type rule exaggerates the effect
of backward-looking elements on the responses of the nominal interest rate on impact.

Further to this, Figure 8 plots the contemporaneous responses of the nominal interest
rate to an inflation target shock over ¢, € (1,40] for various combinations of values of

7, h, and p. As shown in Panel (a), the model exhibits Neo-Fisherism for all values of
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Figure 8: Contemporaneous response of i; to an inflation-target shock for various combina-
tions of values of 7, h, and p
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Notes: This figure plots the contemporaneous (period-0) response of the nominal interest rate, i;, to a 1%
per annum inflation target shock for various combinations of values of the degree of indexation to past
infaltion, 7, the habit parameter, h, and the degree of indexation to current inflation target, p, with all
other parameter values set as in the benchmark model of U.S. economy presented in Table 1.; Panel (a) the
benchmark parametrization, based on posterior mean estimates for the U.S. economy presented in Table 1;
Panel (b) the case where we set 7 and h to their 90th percentiles and p to its 10th percentile of the posterior
distributions; Panel (c) the case where we set 7 and h to their 90th percentiles of the posterior distribution
and o =0

. € (1,40] under the benchmark parameterization in Table 1. In Panel (b), we consider
an alternative combination of parameter values of 7, h, and p that represents the most
empirically-unfavorable case for the model to exhibit Neo-Fisherism. Here, the values of

7 = 0.44 and h = 0.74 are the 90th percentile of the posterior distributions of the parameters,
while the value of p = 0.59 is based on the 10th percentile. See Appendix 4 for posterior
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distributions in detail. Panel (b) shows that Neo-Fisherism occurs for any value of v,
less than 26. At the extreme, even when we further set p = 0 to eliminate the effect of
indexation to the inflation target on inflation and its expectations as depicted in Panel (c),
Neo-Fisherism occurs as long as 1, < 7, which is the case for all known, empirically-plausible

estimates for the U.S. economy.?”

4.3.2 The degree of backward- or forward-lookingness

Next, we assess how the comovement between inflation and the nominal interest rate is
affected by different values of p, 7, and A, in a manner similar to the analytical study in the
previous section. All three parameters affect the degree of backward-lookingness or forward-
lookingness of the model. As shown in Figure 6 and in the analytical study, an inflation-
target shock generates a hump-shaped nominal interest rate response. This implies that if
the response of the nominal interest rate to the shock is positive on impact, the model would
exhibit Neo-Fisherism. For this reason, the analysis below focuses on the contemporaneous
responses of the nominal interest rate to the inflation-target shock. In generating all the

results below, we assume a 1% per-annum shock.

Indexation to the inflation target Figure 9 plots the contemporaneous response of
the nominal interest rate i; as a function of ¢,«, the parameter governing the inflation-
target persistence, for a range of values of p, the degree of price indexation to the inflation
target. We set all other parameter values to the benchmark values reported in Table 1.
The contemporaneous response of i; increases everywhere in ¢,« across different values of
p. When p = 0, the response is positive for any ¢« > 0.86, where the half-life of the
inflation target shock is 4.6 quarters only. The monetary authority is thus not required to
maintain a higher inflation target for an extended period for the economy to exhibit Neo-
Fisherism even without an indexation to the inflation target. As the degree of indexation
to the inflation target gets higher, the cut-off value decreases monotonically.?® For example,

at the posterior mean estimate of p = 0.76, the cut-off value is ¢,« = 0.65. This result is

21n addition, Schmitt-Grohé and Uribe (2007) argue that a value of 1, higher than 3 would be difficult
for the monetary authority to communicate to the public.
23Since the model is linear, the size of the inflation-target shock is immaterial for the cut-off value.
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Figure 9: Contemporaneous response of 7; to an inflation-target shock as a function of ¢«
and p
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Note: This figure plots the contemporaneous (period-0) response of the nominal interest rate, i, to a 1% per
annum inflation target shock for various values of inflation target persistence, ¢,~, and degree of indexation
to inflation target, p. All other parameter values are set as in the benchmark model of the U.S. economy
presented in Table 1.

consistent with our previous finding that the Neo-Fisherian region in the (p, ¢,+) parameter
space expands as firms take into account more the inflation-target adjustment in their pricing
mechanism. When the degree of indexation to the inflation target is at the highest at p =1,

the contemporaneous response of i; is everywhere non-negative.

Indexation to past inflation Figure 10 plots the contemporaneous response of i; as
a function of ¢,«, for a range of values of 7, the degree of indexation to past inflation,
instead. As 7 increases, the Neo-Fisherism cut-off value also increases. Hence, the result

depicted in Figure 10 is consistent with the analytical finding in the previous section and
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Figure 10: Contemporaneous response of 7; to an inflation-target shock as a function of ¢«
and T
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Note: This figure plots the contemporaneous (period-0) response of the nominal interest rate, i, to a 1% per
annum inflation target shock for various values of inflation target persistence, ¢,~, and degree of indexation
to past inflation, 7. All other parameter values are set as in the benchmark model of the U.S. economy
presented in Table 1.

in Garin, Lester and Sims (2018): it is more likely for the nominal interest rate to decrease
on impact as the coefficient on the backward-looking inflation component in the NKPC
gets larger. Differently, however, we find that there is no possible value of 7 in which the
model does not exhibit Neo-Fisherism regardless of the persistence of the inflation target.
Garin, Lester and Sims (2018) find that, under strict inflation targeting, once the parameter

governing the fraction of rule-of-thumb price-setters is greater than 0.15—a modest degree
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of backward-lookingness—their model does not exhibit Neo-Fisherism for any value of ¢ .
Further to this, as shown in Figure 10, the cut-off value only marginally increases from
about ¢, = 0.64 when 7 = 0 (no indexation to past inflation), to about 0.69 when 7 = 1
(full indexation to past inflation). This result indicates that once we consider a Taylor-
type rule with reasonable reaction coefficients and price indexation to the inflation target,
the backward-looking element in the NKPC plays a markedly smaller role in determining

whether the model exhibits Neo-Fisherism.

Habit formation With regard to the habit parameter, h, we confirm the insight from the
analytical study, as shown by Figure 11. As the degree of habit formation increases, the Neo-
Fisherian cut-off value in terms of ¢,+ parameter increases, indicating that the comovement
becomes less likely. In spite of this, however, the cut-off value only increases from 0.50 when
h = 0.1 to 0.76 when h = 0.9. Hence, similar to the past indexation parameter, the role of

habit formation appears to be marginal at best in this more general, estimated model.

4.4 The relative importance of monetary policy and indexation to

the inflation target

Having established the significance of the inflation reaction coefficient in the Taylor-type
rule and the indexation to inflation target in generating a comovement between the inflation
target, inflation, and the nominal interest rate, we now assess their relative importance.
Particularly, we are interested in their relative effects on the role of the backward-looking
parameters, 7 and h.

Figure 12 now plots the Neo-Fisherian region in the (p, ¥, ) parameter space instead.”® In

the benchmark U.S. estimates with 7 = 0.26 depicted in Panel (a), we find that even when

24While we use a different modeling mechanism from that in Garin, Lester and Sims (2018) to incorporate
the backward-looking component into the NKPC, the two mechanisms — the rule-of-thumb price-setters
mechanism of Gali and Gertler (1999) and the indexation mechanism of Christiano, Eichenbaum and Evans
(2005) used for our analysis — share a parallel. For example, we find that the case where w, the fraction
of rule-of-thumb price-setters, is 0.25 (shown in the top right panel of Figure 4 in Garin, Lester and Sims
(2018)) is similar in terms of direction and magnitude to the case of 7 = 0.5 under the indexation mechanism
of Christiano, Eichenbaum and Evans (2005). Hence, w = 0.15 corresponds to a value of 7 < 0.5, which can
be classified as a modest degree of backward-lookingness.

25The top left-hand corner in the figure thus corresponds to the specific case considered in Garin, Lester
and Sims (2018), with zero indexation to the inflation target and under strict inflation targeting.
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Figure 11: Contemporaneous response of 7; to an inflation-target shock as a function of ¢«
for various values of h
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Note: This figure plots the contemporaneous (period-0) response of the nominal interest rate, i, to a 1% per
annum inflation target shock for various values of inflation target persistence, ¢,«, and the habit parameter,
h. All other parameter values are set as in the benchmark model of the U.S. economy presented in Table 1.

there is zero indexation to the inflation target, 1, needs to be at least 16.5 to break down
Neo-Fisherism. This value of ¥, > 16.5 is unlikely to be chosen for U.S. monetary policy
and in fact, for any other economy engaging in flexible inflation targeting. On the flip side,
the positive comovement occurs for any value of ¢, > 1 as long as p > 0.43. Further, Panel
(b) with 7 = 0.5 shows that even when p = 0, it requires ¢, > 7 to break down the positive
comovement in this more backward-looking environment. The results presented in Figure 12
indicate that the inflation reaction coefficient in the Taylor-type rule plays a more important
role than the indexation to the inflation target in generating Neo-Fisherism and dampening

the effects of the backward-looking components such as indexation to past inflation.
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Figure 12: The Neo-Fisherian region in the (p, 1) parameter space under a Taylor-type rule
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Note: The sign of ‘+’ indicates a pair of (p, ) values associated with the positive comovement between
inflation and the nominal interest rate conditional on a change in the inflation target. All other parameter
values are set as in the benchmark model of the U.S. economy presented in Table 1.

4.5 Robustness: the restricted model with o =0

Although the U.S. data strongly support the benchmark model without the restriction on p
compared to the restricted model with o = 0, we examine if the Neo-Fisherian implication
for the U.S. economy relies on the specification of the indexation scheme in the NKPC.?0
We redo the analysis in Figure 8 under the restricted model with o = 0. Here, the structural
parameter values are set based on the posterior means when we estimate the model with the
restriction of p = 0. The resulting parameter values are reported in the column for Restricted
(0 =0) of Table 1. Additional details on the estimation are contained in Appendix 4.
Figure 13 plots the contemporaneous response of the nominal interest rate under this
alternative parameterization. Panel (a) of Figure 13 shows that Neo-Fisherism occurs for all

considered values of ¢, € [1,60]. When we instead set the values of 7 and h to their 90th

26 See the log marginal likelihood and posterior model probability comparison between the two alternative
models in Table 1.
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Figure 13: Restricted model with ¢ = 0: Contemporaneous response of 7, to an inflation-
target shock for various combinations of values of 7 and h
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Note: This figure plots the contemporaneous (period-0) response of the nominal interest rate, i;, to a 1% per
annum inflation target shock for various combinations of values of the degree of indexation to past inflation,
7 and the habit parameter, h, when the model is estimated with the restriction of ¢ = 0 (no indexation
to the inflation target). All other parameter values are set as in the restricted model with ¢ = 0 of the
U.S. economy (posterior means) presented in Table 1.; Panel (a) the parameterization based on the posterior
means for the U.S. economy; Panel (b) the case where we set 7 and h to their 90th percentiles of the posterior
distributions; Panel (c) the case where we set h to its 90th percentile and 7 = 0.5, which is much greater than
the 90th percentile of the posterior distribution (7 = 0.09); This parameterization would be least favorable
combination of the values of 7 and h based on the U.S. data.

percentiles of the posterior distributions in Panel (b), v, still needs to be larger than 56 to
reverse the positive comovement. This cut-off value of v, is larger than the corresponding
case in Panel (b) of Figure 8 because the backward-looking indexation parameter, 7, is

estimated to be much smaller in this restricted case. In Panel (c), we set 7 = 0.5—well
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above the 90th percentile of the posterior distribution—while keeping all other parameter
values as in the column for Restricted (90 = 0) of Table 1. In this much more backward-
looking environment, the positive comovement occurs as long as ¥, < 5.5. This range of
values is still within all reasonable estimates of 1, for the U.S. economy.

In Appendix E, we also redo the analysis of the effect of various values of 7, h, and ¢« on
Neo-Fisherism as depicted in Figures 10 and 11, based on the restricted model with o = 0.
While the Neo-Fisherian cut-off value in terms of the persistence parameter ¢« is now larger
in each considered case, it continues to be largely insensitive to different values of 7 and h
and is still below our estimate of ¢.. All of these indicate that the specification of partial
price indexation to the inflation target is not crucial for our finding of the likely presence of

Neo-Fisherism in the U.S. economy.

5 Conclusion

In this paper, we investigate whether raising an inflation target requires increasing the nom-
inal interest rate in the short run in a standard New Keynesian model with rich backward-
looking elements.

We find that the short-run comovement between inflation and the nominal interest rate
conditional on changes in the inflation target is less likely to be positive, all else equal, as
the monetary authority reacts more aggressively to the deviation of inflation from its target
or as more backward-looking elements are incorporated into the model. Meanwhile, features
of the model that enhance forward-looking behavior, such as partial price indexation to the
inflation target and a lower degree of price rigidity, are shown to increase the likelihood of
the positive comovement.

However, we show that this so-called Neo-Fisherism is likely to hold even with a significant
degree of backward-lookingness in the model and a high degree of price rigidity, unless the
monetary authority reacts to inflation in an extremely aggressive manner, close to strict
inflation targeting.

Our estimated New Keynesian model indicates that the U.S. economy exhibits Neo-

Fisherism: raising the inflation target necessitates a short-run increase in the nominal interest
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rate. This finding is robust to empirically-plausible parameterizations of the model and to

the specification of the price indexation to the inflation target in firms’ price-setting process.
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Appendices

A Derivation of the generalized hybrid New Keynesian
Phillips curve

In this appendix, we provide the derivation of the generalized hybrid NKPC in (5). The
NKPC (6) is a special case when 7 = 0.

The indexation mechanism for firms that are not allowed to optimally adjust their prices
is given by

P(i) = Py (D)T12 (17107, )

We first derive the log-linear approximation of the aggregate price level. Let X; be the
optimal nominal price at time ¢ chosen by firms that are allowed to adjust their prices
optimally, which occurs with probability (1—6). Assuming a CES aggregation with elasticity

e, the aggregate price level is given by

1—e

Pl = (1-0)X 10 (H:g (ﬁl—THZ_l)l—g Pt—l)

or

1=(01—-0)z°+0 (H,’;@ (Mg ,) e H;l) o (A1)

where z; = X,/ P, is the real optimal reset price. Log-linearizing (A.1) around the long-run

steady state and rearranging lead to

. 0 .. . .
=1y [ — (1 — 0)7ty—1 — o7} ] (A.2)

where 7; and 7} denote the deviation of inflation and the inflation target from their long-run
steady-state value. To arrive at (A.2), we utilize the steady-state conditions z = 1, based
on (A.1), and IT* = 1II.

Next, we derive the expression for the optimal reset price. The first-order condition of
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the firms’ optimal nominal price problem can be expressed as

o -
E; Z QJQt,HthJrjRH\I’%fE (Xt . 1MCt+j‘I’tj1> =0 (A.3)
=0

where Y, is the aggregate output, M C; is the nominal marginal cost, and ()4, is the nominal
discount factor from time ¢ to time ¢ + j. The variable ¥;; enters the CES demand function

for any good i, Y;1;(i) = Yy, <%ﬁj\y”>, with

1 if =0

\Ijtj —
=L ml—77177 . .
[Tizo 112, (Hl Ht+k71) if j>1
The expression (A.1) can be recursively written as

e Dy
X; = —
! 5_1D2,t

with
Dl,t — }/;Ptg_lMCt + eﬁEt [(H:—i_l)*gé (ﬁl—frnz)*(lfg)s D17t+1:| :

£— * 1- rrl—7177 - 1—
Dy, =Y, Pi' + 0BE, [(HtH)g( 2 (Hl Ht)(l 20=e) D27t+1i| .

where [ is the subjective discount factor. Dividing these recursive equations by appropriate

deflators and rearranging lead to the following recursive expression for the real optimal price:

_ ¢ Du
Ty = -1 D27t, <A4>
Dy = mey +08E, | (T7,,) ™ (07117) ™2 ()" Dy (A.5)
and
D= 14688, |(117,) " (1 711) 7007 () Do | (A)

where Dy, = D, /(Y Pf) and Dyy = Dy, /(YiPE~'). We can log-linearize (A.4), (A.5), and
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(A.6) around the steady state, resulting in

# = Dyy — Doy, (A7)
Diy = (1—0B)mc, +0BeE,; [ — (1 — o)t — 0ffi] (A.8)
+96Etﬁ1,t+17
and
Dy = 08(e — V)E; [ — 7(1 — 0)7, — 07714 (A.9)
+95Etﬁ2,t+1-

Combining (A.7), (A.1), and (A.1) with the expression in (A.2) and rearranging yield

T = ’)/bfft,1 + ﬁ/fEtﬁ'tJrl + 5\77/1\@ + Q(S (ﬁ-; - ﬁEtﬁ;—H) <A'1O>
where
_ _1(1-09

N Ok
_ B
I 1+ p7(l— o)’
N
1+ p7(1—0)

- 1— 1-—

o = A _ (1-68)(1-9)

1+B7(1—0) O(1+p7(1—0)

Finally, to write the real marginal cost me¢; in terms of the output gap 7; (defined as the
deviation of output from its flexible-price level), we assume that the household’s utility

function depends on consumption, C;, and labor effort, N;, and is given by u(Cy, Ny) =
cl=o—1 N}

l1—0o 1+n

. Also, the production function is Y; = A; Ny, so that the real marginal cost
is me; = wy/A;, where A; and w; denote the technology shock and real wage, respectively.

This implies that me, = (o + 7)) (see Gali (2015), chapter 3 for more details).
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B Proofs

Lemma 1 Under strict inflation targeting (9) with the generalized hybrid NKPC (4) and

the IS curve (11), the solution is given by

*
T = 7Tt,

w = YH(O)r + ¥{(©)r;_,, and

it = \Do(Q)W:+\Ij1(®)7T:_1.

Proof. The model is given by

Y = By — U_l(it - Et7t+1)a

T = VT + w1 + Ry + pmy,

and

T =T,

where 1 = o (1 = Bér+) / (14 B7(1 — 0)). Note that Eymj, | = ¢re}.

It is straightforward to find the solution for inflation as m, = =} from (B.6).

substitute it into the NKPC (B.5) as

T = YfQreT, + Wy_y + Ky + pmy.

(B.4)

(B.5)

(B.6)

Then

(B.7)

Rearrange (B.7) and collect terms related to y, 7, and ;. It leads to the solution for the

output gap as

1 —9prr — Bos Db
— -

_ 14+B7(A—0) ~ b —0(1=Bor) , T(L—0) .
- K t K t—1

Y y_x
= Yom, +Vim
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where
1= o)1 = B¢w +57) o ¥y = Tl-0)

(
\Ijg: Y K

Substitute (B.8) into the IS curve (B.4) for y; and Eyy.q as
Wiy + Wirr | = Vgm, + Winr — o iy + 0 ey (B.9)
Rearrange (B.9) and collect terms related to i;, 7, and 7} ; as
iv = oVipm; + oV, + Qo) — oVEn — 0o WiT,

= (¢p + 0V Pp — oV + oV 71} — o WiT) 4
[¢ (1= 0x)(1 = o) (1 = Bop- + B1)  T(1— 9)] Pl )
* t

= Uo(O)m; + V1 (O)7;_, (B.10)

where
o) = [pr - UmOU eI i) 00000 ) (g
vi(0) = %- (B.12)

Proof of Proposition 1

Proof. Strict inflation targeting (9) implies that inflation always increases as the inflation
target increases. Thus, to verify the positive comovement between inflation and the nominal
interest rate conditional on changes in the inflation target, we just need to show the nominal
interest rate increases in the inflation target. The closed-form solution for the nominal

interest rate is given by (B.10) in Lemma 1 as

(1—0)(1 = ¢ )(1 = Br)  7(1—0){1+ B(1 = ¢re)} | .

o= |0 - ok ok e
+ﬁﬂ-t_1' (B13>
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We confirm the increase of the nominal interest rate in response to the increase of the inflation
target by checking the coefficient on 7r; only, because the coefficient on 7} is always greater
than or equal to zero. The coefficient on 7} in (B.13) can be positive or negative. Thus, the
necessary and sufficient condition for the positive comovement is equivalent to the positive
coefficient on 7;:

(1 - (bﬂ*)(l — 6¢7T*) - T<1 — )

b — (1— 0) — a_llf’ {1+ 81— ¢r)} > 0. (B.14)

It is straightforward to show that the coefficient on 7 increases (i.e., the necessary and

sufficient condition is more likely to hold) as 7 gets smaller or g and ¢, get larger. m

Proof of Proposition 2

Proof. Similar to proof for Proposition 1, it is straightforward to show that the coefficient
on 7} in (B.14) increases (i.e., the necessary and sufficient condition is more likely to hold)

as k and 1/0 get larger. m

Proof of Proposition 3

Proof. Similar to the approach to finding the solution for the model with the hybrid NKPC

(see Lemma 1), the solution for the nominal interest rate is given by

o ¢7r*
1+h

1-— .
1—h o7k m o+ Q)l “h ool

i = |¢n — (1= 0)(1 ) (B.15)

The coefficient on 7} ; is always positive or equal to zero and so the model exhibits Neo-
Fisherism as long as the coefficient on 7 is positive. It is straightforward to show that as h
gets larger the coefficient on 7} is less likely to increase for a given increase in the inflation

target. m

Lemma 2 The solution for i, to the New Keynesian Model with the IS curve (11), the hybrid
NKPC (4), and the Taylor-type rule (10) is given by

it = Foﬂ': + F17Tt_1 <B16>
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where

1 1 Pero !
A2 = Qrx Az — O [

{on - pltellofoe) 020 gy g gy s o0 (Rethimde )]
Fl == )\11%

Ty =

and A1, Ao, and A3 are eigenvalues associated with the model solution such that

‘)\1’ <1l < |)\2| < |)\3’,
L+ + ko My,

Mg+ Aods + A3\ = > O,
Vf
)\1)\2)\3 - % > 0,
vf
1 = —1
M+ A+ A3 = M>O.
vr

Proof. The model is given by

y = By — o' (ip — Bymga), (B.17)
T = Vi + W + Ry + pry (B.18)

and
it = (M — mp) (B.19)

where p = 0(1 — B¢)/ (1 + B7(1 — p)) and other structural parameters are defined as
those in Section 2.
We want to collapse the three equations in the model above into a single equation for ;.

Push (B.19) one period ahead and take expectations of it in time t (i.e., E;) as

Etit—i-l = /l7b7TEt (7Tt+1 - 7TZ+1) . <B20>
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Then substitute (B.20) into the IS curve (B.17) to remove E;m;. ;1 as
. . Iy .
Y = Etyt—l—l e Et 1t — w—lt_i_l — Ty ) - (B21>
Use a lag operator L for Firyy1 = L™ FEyry, (B.18) and (B.21) are expressed as
Ei(1 — L7t — wL)my = Ry; + pmy (B.22)

and

: 1. .
Et(l — Lil)yt = —O'ilEt (Zt — ¢—Zt+1 - 7Tt+1) . (B23>

™

Now, substitute (B.19) and (B.23) into (B.22) as

_ 1 * ~ —1\— . 1. * *
Ey(1 —~;L7' —yL) (¢_Zt +7Tt> = —Ejfo(1-L7H)™ (Zt T T 7Tt+1) + pmy

~ —1\— 1 —1\ - * *
= —Efko'1—-L ! ((1—¢—L 1)zt—7rt+1) + pmy.

(B.24)
Multiply both sides of (B.24) by (1 — L™!) as

1 1
Et(l — Lil)(l — ’}/fLil — ’YbL) (w—lt 4 77':() = —/‘%O'ilEt ((1 — w—Lil)’L’t — 7T£k+1)

+E;(1 — L Yur;. (B.25)

Rearrange (B.25) and collect terms related to i, and 7}, respectively as

1 — L — (1 Lt L2 1
Et{ Rl il e L o (1——L—1)}4
U (U
= E [{—1 AL+ (1 +7y) L =y L +Ro 'L 4 — ,uL_l} 7rﬂ .(B.26)
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The LHS of (B.26) is given by

1 — Ll — (1 L7t L2 1
L e ey (L]

Ur Ur
1
= w—Et {1+ —wL— (L+y) L7+ L2+ ko~ e — Ro 'L}y
1
— w—Et {1 +v+ ko™ W) =L — (L+yp 4+ Ro )L™+, L7 2} iy
= 5 H L L Rg e oy, st ROy L2} z‘J
U Vr Vs Vs
_ %Et (1= ML) — L7 (A — L7

The last line in (B.27) uses the following lag operator expression

(1=ML)Y Ao — L™ H(A3 =LY = (Mo 4+ Xadg + Ashy) — MAAsL — (A +do+ X)L+ L2

(B.27)
In short, eigenvalues Ay, A9, and A3 are such that
1 ro 1),
Mo+ dodg 4 Nghy = AT RTRT W (B.28)
v
A A3 = & > O, (BZQ)
Vf
1 ~ - —1
MAdot Ny = —HTRT (B.30)
Vr
and
IA1] <1< |A2] < A3 (B.31)

to ensure determinacy. Also, because v, V¢, K, ¥, and o are all positive, Aj Ao+ A3+ A3\ >
0, A1 Aoz > 0, and A; + Ao + A3 > 0.
The RHS of (B.26) is given by

E{-1=w+wl+Q+~)L ' =L+ ko 'L + p— pL™ '} 7/
= E[{(p—1=w)+ A+ —p+ro YL =y L7} ] + oy

= {(p—1=)+ L+ —p+ ko )pr — 2} T + W (B.32)
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because By = EL™'wf = dpey.
Combine (B.27) for the LHS of (B.26) and (B.32) for the RHS of (B.26) as

sz By [(1= ML) (A — L (As — L7Y)il]

= {=1=m)+ A4y —ptho)or —ydrf i +wmy. (B33
Multiply both sides of (B.33) by (Ay — L™')"'(A\3 — L7 1)t

%Et [(1— Ay L)il)

= E[e—L Y =LY {(n—1—%)+ Q47— p+ ko) — 02} 7]

+Et [()\2 — L_1>_1(>\3 — L_l)_l’)/bﬂ':_l} . <B34>
The RHS of (B.34) can be rearranged as

B[ =LY s = L) H{(u =1 =) + (L9 — 4 "o~ ) e — 7505 } /]
+E [Aa— L) (g — L) ey
= 5|00 2t {1 @y R0 vyt + 3 L
)\2 - ¢7r* )\2

1
B, [(Ag - L‘l)‘l—%ﬂ_l]

A2
1 1 _ Y% M P |
- - 1+ — - ol
A2—¢W*A3—¢W*{(“ LR e L WL Wl Vvl &
S
)\2>\3’757th1

because

1 1 1
Et(>\2 - L_l)—lﬂ';: = Et (1 —|— L + 2L + > z(

Ao A2 A5
1 . 1, 1 1 o Q§2
= Et)\—z(ﬂt+)\_27rt+1+>\27rt+2+ )Z)\_Q(t+)\_27rt+ )\% +)
1 1 1
= - *— * B.35
oT=6m Dt M=o 3:59)

50



and similarly

1 1 1
EX—L Y 'n =EB— (1+—L '+ 5L+ |7, =—n_ +———.
The derivations above also apply to expanding for (A3 — L™)~!. Note that (B.31) ensures
‘gbﬂ-*/)\ﬂ < 1 and |§Z57T*/>\3| < 1.

Finally, the solution is given by

it - )\lit—l
Ve 1 1 { . 1 > W, W %*%} .
= = —1—) + (L — o+ "o o — Ypd2e + =+ 2 — 7r
'Vf )\2 o (Z)ﬂ-* )\3 o ¢7‘(‘* (:u ,yb) ( f)/f 1% )(b 7f¢ )\2 )\3 )\2>\3 t
Y. 1 1 .
[EN— R ﬂ'_
Vf Az >\3% ot
1 1

= i o e — (1 — — P T — .
= Mo dn p Ko e~ (L= QL= dr) (L4 BT~ fér)

Ao+ A3 — Ds N I 1T y7(1—-0) ,
(1= o) <T¢ _ 1> } ot A_T%w (B.36)

Substitute i;_; = ¥ (m_1 — 7}_;) into (B.36) and rearrange it as

1 1 Yrkot
A2 = Opx A3 — Qe [

1 = >\1¢7r<7rt71 - 77:71) +

(1_¢71'*)(]‘_/8¢ﬂ*)+{1+6(1_¢7r*)}7- (1_Q)T /\2+>‘3_¢ﬂ'* *
{¢7r* B (1 B Q) ko1 + koL ( /\2)\3 ) }’Nt
11 ¢WT(1 B Q) *
LEPYO VY A
-1
Ay L Yaro (B.37)

Ay — Qs A3 — O [
(1_Qbﬂ*)(l_B¢w*)+{1+/8(1_¢7r*)}7—+(1_9)7- <A2+>\3—¢n*)} "

ko1 koL A2z

{Qﬁw* - (1 - Q)
Thus, we show that the solution for 7; is expressed as

’th = Foﬂ': + Flﬂ—t—l (B38>
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where

o 1 1 Yero
T e =6 B
(1= ¢n )1 = Br) + {1+ B(L =)} 7 (1= 0)7 (A2 + A3 — r
{¢W* —1-0 ko1 i ko1 ( A3 )}
Iy = M. (B.39)
|

Lemma 3 The solution for m to the New Keynesian Model with the IS curve (B.17), the
NKPC (B.18), and the Taylor-type rule (B.19) is given by

Ty = (I)()?T: + q)lﬂ'tfl (B40>
where
1 Yako ! Bl — ¢pe)(1 — BPpr)
oy = B.
" T e e—br) B LY Gmor (B.41)
P = N (B.42)

and A1, A2, and A3 are eigenvalues associated with the model solution in Lemma 2.

Proof. We find the solution for m; similar to the approach in Lemma 2. Substitute (B.18)

into the IS curve (B.17) to remove i; as
e = Eyrir — 07 By (Y (my — ) = M) - (B.43)
Use a lag operator as

E(1-L Yy =E (—0o e+ 0o 'L m + 0 "oy (B.44)
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Then, we use a lag operator for the hybrid NKPC and substitute (B.44) into it as

E(1 =y L7 —wL)m = Ry + pmy (B.45)

= RE [1-=L7Y " (o e+ o 'L m+ (1= L) o em) ] + pry.
Rearrange (B.45) and collect terms related to 7, and 7}, respectively as

E 1=y L —ywLl)— k(1 =L ) (=o e+ 0 'L m=E [R(1— L) o e + ] )
(B.46)
Multiply both sides of (B.46) by (1 — L™!) as

Ef1—-L Q=L —wl)— k(=0 W+ o 'L7Y)|m = Ei[ko e+ (1— L ] m

E[(+m+ro We) =L+ +Ro )L =L+ L7 m = Ey[fo n 4+ p(1— ¢re)| )

We express the solution using the eigenvalues A\i, Ao, and A3 as

Ro e+ (1 — dp)

Ei(1 =MLYy — LY\ — L7 YHm, = S u
f
~ _1 1 . .
1—MDm = B RO~ g +,Y,U( P )(/\2 LY g - LY
f
Ro e + (1 — @) 1 1
1—MNL)m = T B.47
b s vy ey
The solution for 7; is then given by
1 1 wwl‘fa_l 6(1 - ¢7r*)(1 B B¢7r*)
= AT 1 ;. B.48
D Ve W S I R e B

Lemma 4 0 < )\ < 1.

Proof. We start with Lemma 2. It shows |A\;| < 1 to ensure determinacy in (B.31). We
will further show A; > 0. Suppose \; < 0. Since A\ A3 > 0 from (B.29) and |A\;| < 1,
it is required that AoA3 < 0. We know that Ay + Aoz + Agh = A( Ao + A3) + AaA3 > 0
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from (B.28) . Since A\; < 0 and A\A3 < 0, it is required that Ay + A3 < 0. However, it
contradicts the fact that Ay + Ay + A3 > 0 from (B.30). In addition, since A\;A2A3 > 0, it is
required that A\; # 0. Therefore, it must be A; > 0. In combination with Lemma 2, we can

show that 0 < A\ < 1. m

Lemma 5 Xy > 1 and A3 > 1.

1+yp+Ro!
s

and 0 < Ay < 1, it is required that Ay + A3 > 0. In addition, because A;A2A3 > 0 and

Proof. We again start with Lemma 2. Because A\; + Ay + \3 = =1+ Hz—‘f’ﬂ > 1
0 < A1 < 1, it is required that AsA3 > 0. Then, because Ay + A3 > 0 and A A3 > 0, it is
required that Ay > 0 and A3 > 0. In combination with [A;| < 1 < |A2| < |A3], we can show
that Ao >1land \3 > 1. m

Lemma 6 As 1, — 00, A\ — 0 and \\¢r — T(l-o)

o1k

Proof. Note that the solution for strict inflation targeting with the hybrid NKPC (i.e.,
Y, — 00) is given by m = 7;. From (B.40) in Lemma 2, it requires that limy, o ®1 =0

and limy, o, P9 = 1. Note that ®; = \;. Therefore, limy,_ oo A\ = 0.
1 Yrro L 1+ gﬁ(l—qﬁﬂ*)(l—ﬁ@r*) )

Now, we consider lim,, . ®o = 1. Note that &5 =

(A2=drx)(A3—¢rx) B Yrko—1
Because limy, oo 9 = 1 and limy, . [1 + gﬁ (17%:221;ﬁ d’”*)] = 1, it requires that
. 1 Yot
lim =1
vr—oe (Ag = @rr ) (A3 — @) BB
. We can show that
1 1 Yot
Ao = Opx A3 — Qe B
B 1 o
AoAz — e (A2 + Ag) + 2. B
B 1 Yero
(1= 1+87(1—
0 _ g (2D )+ g2, B
)\17/}77 K;O'il
= i = . (B.49)
T = Mo B 4 Mo+ N P
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(1o
o1k *

Therefore, limy, oo MUy = We will confirm theses conditions in the case of the

solutions for 7; in Lemma 7. m

Proof of Proposition 4

Proof. We first show that inflation increases in the inflation target. In Lemma 3, ®; is
always positive because ®; = A\; and 0 < A\; < 1 from Lemma 4. In addition, because Ay > 1
and A3 > 1 in Lemma 5, ®( is always positive. Thus, inflation increases when the monetary
authority raises the inflation target.

Now, we consider the response of the nominal interest rate to the change in the inflation
target. Because inflation always increases in the inflation target and so should the nominal

interest rate. Lemma 2 shows that the solution for i; to the New Keynesian model is give by

iy = Iymy + Doy

where
F1 = wﬂ)\l
r, — 1 1 Yero

A2 = Qre A3 — e B
(1 _¢W*)(1_B¢ﬂ*)+{1+ﬁ(1_¢W*)}T + (1 — Q)T (A2+)\3_¢7K‘*)}.

koL koL Aoz

{¢7r* —(1—-0)

Because 0 < A\; < 1 in Lemma 4, 'y is always positive. In order for the model to exhibit
the comovement between inflation and the nominal interest rate I'y should be positive. Thus,

we will find the condition for I'y > 0. Lemma 5 for Ay > 1 and A3 > 1 implies that the

1 1 Yrko ™

scaling factor in I, W v —— 1, is always positive. Therefore, the sign of I'y depends

on the sign of

(1—0)(1 = ¢r)(1 — Bpre) T(1—0)

0= 6, L L {16+

Aohs
(B.50)

7(1— o) ()\24—)\3—%*).

We want to find how ¢, affects the role of the backward-looking component in breaking

down Neo-Fisherism. Note that eigenvalues Ay and A3 are functions of the model parameters
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including 7 and ¢, and

1+~ ¢+Ro— 1
T
Ao =
_ Ayt ReTHM — A — 9pdee M
b
(1 + 871 = 0) + B+ Ko )M = BA] = BN
7(1— o)
_ ﬁ)\l(l — )\1) + {67’(1 — Q) + K/O'il + (1 — qbﬂ-*ﬁ)} )\1
(1 - o)
_ )‘1 {6(1_)‘1)+67—(1_Q)+HU_1+(1_¢W*/B)} (B 51)
7(1—0)
Because 0 < \; < 1,
>\2 + >\3 - ¢7r*
_ ) B.52
o >0 (B.52)

Ao+A3— *

o gets smaller,  in (B.50) gets smaller.

It implies that as
In addition, from the fact that limy, A1 = 0 in Lemma 6 and the equation in (B.51),
we can show that

A A3 — D
MWW% —0, (B.53)

Therefore, under strict inflation targeting €2 is the smallest and the model is the least likely
to exhibit Neo-Fisherism.

It is straightforward to show that setting o = 0 does not alter the results. m

Lemma 7 As ), — oo, the solution for i, in the model with the Taylor-type rule approaches

that in the model with strict inflation targeting.

Proof. Now, we confirm our conditions in the case of the solutions for i;. We will show

limy, 500 Ty = Uy and limy, o To = ¥y. Because Ty = \¢b, and Uy = 7152

o1k

, it is straight-

forward to show that limy o I'y = ¥y from Lemma 6. Further, because

1 1 Yrko

IV=
R VS A

y {@* PR k20 | a2 B e ) NS R TSN

ko1 KO ko1

A2 A3
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: 1 Yrko ™
Iy, o o= =0) 5

that limwﬂ_mo FO = ‘1/0.

A2+ A3

X = 0, it is straightforward to show
273

- 1, and limy, 500

C The New Keynesian model of the U.S. economy

In this appendix, we introduce a New Keynesian DSGE model, which is estimated for the

U.S. economy in Section 4 and explain how the model is estimated based on the U.S data.

C.1 Model

This model involves three main equations; an hybrid IS equation, a hybrid NKPC, and a
Taylor-type monetary policy rule with interest-rate smoothing. The model also includes the
evolution of the inflation target and has four exogenous economic shocks: a preference shock,
a cost-push shock, a monetary policy shock, and an inflation target shock.

The log-linearized version of the model for estimation is as follows.

Y = H—hEtytH + HLhyt—l - ﬁ [ie — Eymera] + e, (C.1)

1 —7(1 — 0)mi—1 — o7, | = BE; |:7Tt+]_ —7(1 — o)m — QW:_,’_J + Ky + fe, (C.2)
i = Qiir—1 + (1 — ;) [Un(me — 7)) + Vyue] + €0, (C.3)

N = Opih—1 + €nyt, (C.4)

fe = Quphe—1 + €pps (C.5)

T, = OreTy 1 + €ty (C.6)

where 2, denote the percentage deviation of a variable X, from its steady-state X.

The hybrid IS curve (C.1) is the intertemporal Euler equation with habit formation in
consumption and is derived from the households’ optimization problem where 0! denotes
the intertemporal substitution elasticity and h denotes the degree of consumption habit. The

preference shock 7, in (C.1) follows the AR(1) process in (C.4). The hybrid NKPC in (C.2)
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is produced from a continuum of monopolistically competitive firms’ profit maximization
problem where k is the slope of the Phillips curve, 7 is the indexation to past inflation, and
o0 is the indexation to the inflation target. The quarterly discount rate 3 is calibrated to 0.99.
The cost-push shock g in (C.2) evolves according to the univariate AR(1) process in (C.5).
The monetary authority follows a Taylor-type rule by adjusting the nominal interest rate
in response to deviations of inflation from its target and output from its flexible price level
and is assumed to smooth the policy rate. The monetary policy shock ¢;; captures the
unexpected deviation from the policy rule. The inflation target 7; follows the AR(1) process
as in (C.6).

In order to construct a likelihood function, we utilize the Kalman filter given a state-space
form of measurement and transition equations. The measurement equations link observables
to unobservable state variables in the transition equation system, which is given by the
solution to the model.

The measurement equations take the form:

INF, = 479+ 4007, (C.8)
FFR, = 479 + 479 + 4004, (C.9)
40
1
INFyiyiia0 = 479+ 400 <4_0 Z Et7Tt+j> (C.10)
j=1

where Y; is the HP-filtered log of GDP per capita, F'F'R; is the annualized Federal funds
rate, INF; is the annualized quarter to quarter CPI inflation rate, and I N Fiyq 4440 is the
annualized average expected CPI inflation rate over the next 10 years.

The estimation is based on postwar U.S. quarterly data from 1982:Q1 to 2009:Q2, ex-
cluding the passive monetary policy period and the Volcker-disinflation period as shown
in Lubik and Schorfheide (2004) and the zero-lower bound period. Following Del Negro
et al. (2007) and Del Negro, Giannoni and Schorfheide (2015), we include the 10-year CPI
inflation expectations as an observable in the estimation of our model to track low-frequency

fluctuations in inflation, which are associated with the time-varying inflation target. The
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Table C.1: Estimates of structural parameters

Prior Posterior
Benchmark Restricted (o = 0)
Parameter Density Mean SD Mean  10th 90th Mean  10th 90th

7% Normal  0.50 0.20 0.6609 0.5322 0.8273 0.6479 0.5160 0.8213
7 Normal  0.50 0.20 0.3920 0.2657 0.5147 0.3941 0.2626 0.5216
o Gamma 1.00 0.40 1.6016 1.2081 1.9990 1.6033 1.2091 2.0134
h Beta 0.50 0.10 0.6448 0.5531 0.7414 0.6477 0.5559 0.7425
K Gamma 0.50 0.10 0.1099 0.0753 0.1375 0.1078 0.0737 0.1351
T Beta 0.50 0.25 0.2603 0.0002 0.4419 0.0549 0.0019 0.0873

0 Beta 0.50 0.25 0.7566 0.5915 0.9987 0.0000 = -
Ur Normal 1.70 0.30 1.4571 1.0930 1.7406 1.4531 1.0723 1.7179
Py Normal  0.30 0.20 0.4223 0.2786 0.5603 0.4242 0.2728 0.5619
Oi Beta 0.60 0.15 0.9017 0.8844 0.9200 0.9018 0.8851 0.9218
oM Beta 0.60 0.15 0.6871 0.6099 0.7868 0.6880 0.6096 0.7864
On Beta 0.60 0.15 0.3396 0.2311 0.4364 0.3280 0.2233 0.4288
O Beta 0.60 0.15 0.9816 0.9749 0.9891 0.9818 0.9750 0.9895
1000, Inv.G 0.20  0.50 0.3697 0.3191 0.4172 0.3750 0.3211 0.4236
1000, Inv.G 0.20 0.50 0.1590 0.1270 0.1873 0.1577 0.1242 0.1839
1000; Inv.G 0.20 0.50 0.1657 0.1499 0.1799 0.1666 0.1498 0.1813
10004 Inv.G 0.030 0.05 0.0272 0.0177 0.0354 0.0286 0.0183 0.0377

10-year CPI inflation expectations data from the Survey of Professional Forecasters are avail-
able from 1991:Q4 and so we construct the data set prior to 1991:QQ4 using the 10-year CPI
inflation expectations from the Blue Chip Economic Indicators survey as in Del Negro, Gi-
annoni and Schorfheide (2015). Both 10-year CPI inflation expectations are obtained from
the Philadelphia Fed’s Real-Time Data Research Center. Note that the Blue Chip forecasts
were taken twice a year and we linearly interpolate missing observations prior to 1991:Q4.

The parameters 79 and 79 are related to the steady-states of the model economy as follows.

79 =1007, 79 =100F.

C.2 Estimation

Table C.1 summarizes the prior distribution that we use for the estimation of the model

presented in the previous section. Our key parameters are those related to backward-looking
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elements. We use the prior of a Beta distribution with mean 0.50 and standard deviation 0.25
for h, 7, and p so that it is reasonably diffuse and close to a Uniform prior on (0,1). The prior
for 0 is a Gamma distribution with mean 1.0 and standard deviation 0.40 so that the implied
elasticity of intertemporal substitution from the prior is around one. The prior for « is a
Gamma distribution with mean 0.50 and standard deviation 0.10. The standard deviation
of the innovation to the inflation target (o,.) governs the drift of the inflation target, and
we adopt an Inverse Gamma distribution with mean 0.030 and standard deviation 0.05. We
also choose priors for reaction coefficients to inflation and the output gap in a Taylor-type
rule with a Normal distribution with mean 1.7 and standard deviation 0.30 for v, and a
Normal distribution with mean 0.3 and standard deviation 0.20 for v,. These priors for
the monetary policy rule are set to be consistent with those of the previous literature (e.g.
Cogley, Primiceri and Sargent (2010) and Del Negro, Giannoni and Schortheide (2015)). For
all persistence parameters including ¢,«, we use a Beta prior with mean 0.60 and standard
deviation 0.15. For the standard deviations of the other shocks, we choose fairly disperse
priors of an Inverse Gamma distribution with mean 0.20 and standard deviation 0.50. The
prior mean for the quarterly steady-state inflation rate (79) is set to 0.50 with standard
deviation 0.20 so that it is consistent with the inflation target of 2%. The prior mean for
the steady-state real rate (79) is also set to 0.50 with standard deviation 0.20. We report
the posterior means and the 10th and 90th percentiles of the posterior distributions of all

the estimated model parameters in Table C.1.

C.3 Impulse responses to an inflation-target shock vs. to a monetary-

policy shock

In Figure C.1, we jointly plot the impulses responses to an inflation-target shock and to a
monetary-policy shock. The figure shows that an inflation-target shock is not equivalent to a
conventional monetary-policy shock in a Taylor-type rule. While a contractionary monetary-
policy shock similarly calls the monetary authority to raise the nominal interest rate, the
responses of output, inflation, and the real interest rates are all markedly different. Here,

a comparable increase in the nominal interest rate under a contractionary monetary-policy
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Figure C.1: Impulse response functions to an inflation-target shock and a contractionary
monetary-policy shock
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Note: This figure plots the impulse response functions to (i) a 1% inflation target shock and (ii) a con-
tractionary monetary policy shock whose magnitude is set to generate the same response of i; on impact
(i.e., period 0) as that on impact to the 1% inflation target shock. All parameter values are set as in the
benchmark model of the U.S. economy presented in Table 1.

shock raises the real interest rate and lowers inflation and output.
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Figure D.1: The Neo-Fisherian region in the (1,, ) parameter space under a Taylor-type
rule
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Note: The sign of ‘+’ indicates a pair of (1, 1)) values associated with the positive comovement between
inflation and the nominal interest rate conditional on a change in the inflation target. Except for the stated
values of p and 7 in each subfigure, all parameter values are set as in the benchmark model of the U.S.
economy presented in Table 1.

D The effect of the output coefficient in the Taylor rule
(1,) on the comovement

In this appendix, we investigate how the comovement between the inflation target, inflation,
and the nominal interest rate varies with the Taylor-rule output feedback coefficient, v,,.
Figure D.1 plots the Neo-Fisherian region in the (,,1,) parameter space under the
benchmark parameterization based on the estimates for the U.S. economy in Panel (a) and
under a counterfactual parameterization in which we remove the indexation to the inflation
target and allow for a higher degree of backward-looking indexation with o = 0, 7 = 0.50 in
Panel (b). Under the benchmark parameterization, we have a positive comovement for any
Y, € (1,40] and ¢, € [0, 1]. In Panel (b) with a high degree of backward-looking indexation,
the Neo-Fisherian cut-off value in terms of ¢, value only marginally increases. This increase

suggests that the comovement is more likely as the central bank more strongly responds
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Figure D.2: Contemporaneous response of 7; to an inflation-target shock as a function of ¢,
for various values of 1,
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Note: This figure plots the contemporaneous (period-0) response of the nominal interest rate, i;, to a 1%
per annum inflation target shock for various values of inflation target persistence, ¢+, and the Taylor-rule
output feedback coefficient, v,. All other parameter values are set as in the benchmark model of the U.S.

economy presented in Table 1.

to output fluctuations (higher 1), i.e. as it runs a less strict or more flexible inflation
targeting policy. Both panels, nevertheless, show that for the range of plausible values of
Yy (¥, € [0,1]), the output feedback coefficient in the Taylor rule is not an important
determinant of the comovement between the inflation target, inflation, and the nominal
interest rate compared to the inflation feedback coefficient.

As a further check, Figure D.2 plots the contemporaneous response of i; as a function of
¢+, for four different values of 1»,. The Neo-Fisherian cut-off value in terms of ¢~ value

is again largely insensitive to various plausible values of v,. Here, the cut-off value only
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decreases from 0.66 when 1, = 0 to 0.60 when 9, = 1.

E More results on the restricted model of the U.S.
Economy (o =0)

In this appendix, we present additional results based on the alternative parameterization,
where we restrict ¢ = 0 in the estimation. See the last three columns of Table C.1 for the
resulting parameter estimates. We use the posterior means as parameter values to generate
the subsequent figures.

Figure E.1 and Figure E.2 redo the analysis in Figure 10 and Figure 11, respectively.
In both figures, the Neo-Fisherian cut-off value in terms of the persistence parameter ¢,
continues to be largely insensitive to different values of 7 and h. These additional results
support the notion that the specification of a partial price indexation to the inflation target

does not alter our conclusion that the U.S. economy is most likely to exhibit Neo-Fisherism.
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Figure E.1: Contemporaneous response of i; to an inflation-target shock as a function of 7
and ¢, (Restricted model with o = 0)
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Note: This figure plots the contemporaneous (period-0) response of the nominal interest rate, ¢, to a 1%
per annum inflation target shock for various values of the degree of indexation to past inflation, 7, and the
inflation target persistence, ¢.+. All other parameter values are set as in the restricted model with ¢ = 0 of
the U.S. economy presented in Table 1.
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Figure E.2: Contemporaneous response of i; to an inflation-target shock as a function of h
and ¢+ (Restricted model with ¢ = 0)
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Note: This figure plots the contemporaneous (period-0) response of the nominal interest rate, i, to a 1% per
annum inflation target shock for various values of the habit parameter, h, and the inflation target persistence,
¢n=. All other parameter values are set as in the restricted model with ¢ = 0 of the U.S. economy presented
in Table 1.
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