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Abstract

This study explores how the real money balance effect (RMBE) affects the neo-Fisherian

effect (NFE) in a standard new Keynesian model. First, we find that the presence of the

RMBE can partly explain the occurrence of the NFE, and that increasing the nonsepara-

bility parameter magnifies the positive response of the nominal interest rate to a persistent

inflation target shock. Second, we show that the degree of nominal price stickiness is im-

portant in explaining how the RMBE amplifies the NFE. In sum, this study addresses how

the presence of the RMBE facilitates generating the NFE.
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1 Introduction

Does a rise in the central bank’s target inflation induce a rise in the nominal interest rate? This

is a simple question, but it has recently become crucial for the effectiveness of monetary policy in

advanced economies. Central banks in advanced countries have maintained a lower interest rate

environment to combat deflationary risks. Several studies have argued that when inflation is

too low, the central bank should raise the nominal interest rate to increase inflation (Cochrane,

2016, Williamson, 2019). We have seen that many central banks attempt to raise nominal

interest rates to combat inflationary risks. For instance, in the United States, since 2022, the

Federal Reserve Board has steadily raised the Federal Funds rate to suppress the inflationary

pressures in the real economy. In other words, recent evidence may suggest that the nominal

interest rate rises in response to inflationary pressure, showing a positive relationship between

inflation and the nominal interest rate.1

According to standard macroeconomic theory, we would expect that the inflation rate gen-

erally declines after a rise in the nominal interest rate. This prediction is based on the standard

monetary transmission mechanism that a monetary tightening shock prevents an increase in

the inflation rate. Conversely, the neo-Fisherian hypothesis indicates a positive comovement

between the nominal interest rate and inflation in the short run (Airaudo and Hajdini, 2023,

Gaŕın, Lester and Sims, 2018, Uribe, 2022). More precisely, this hypothesis implies that a

persistent and transitory rise in the interest rate is related to an increase in the inflation rate.

How should we reconcile this tension between theoretical and empirical claims?

We focus on the role of the real money balance channel in accounting for this contradiction.

Indeed, several studies have addressed the impact of monetary aggregates on the real economy

(Belongia and Ireland, 2022, Kurozumi, 2006, Ida, 2023, Woodford, 2003). According to the

real money balance channel, a change in money balances impacts the aggregate demand via

monetary policy’s demand and supply channels. If this channel plays a significant role in the

monetary transmission mechanism, it is unclear how the real money balance effect (RMBE)

affects the occurrence of the neo-Fisherian effect (NFE). Consequently, it is essential to examine

1We do not consider the price puzzle problem in this paper. The price puzzle means that the inflation rate

increases with monetary contraction in the empirical studies (Sims, 1992). See Florio (2018), Hanson (2004) and

Ida (2024) for a detailed discussion about the role of the price puzzle phenomenon that monetary tightening

causes an increase in inflation.
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the relationship between inflation and the nominal interest rate. These arguments motivate

this study.

According to Gaŕın et al. (2018), this hypothesis implies that a rise in the central bank’s

target inflation rate increases the nominal interest rate in the short run. Additionally, the

money demand function generally posits that an increase in the nominal interest rate causes

a reduction in the money aggregate as long as the nominal interest rate does not reach the

zero-lower bound floor. In the presence of the RMBE (Benhabib, Schmitt-Grohé and Uribe,

2001), a reduction in real money balances boosts the inflation rate through an aggregate supply

relationship in a sticky price model (Ida, 2023, Woodford, 2003). As Kurozumi (2006) and

Woodford (2003) pointed out, the degree of nonseparability between consumption and real

money balances in the household utility function significantly impact the RMBE’s strength.2

Moreover, Williamson (2019) posited the importance of the money aggregate in explaining the

relationship between inflation and the nominal interest rate in the Volker era, arguing that

movements in inflation and nominal interest rates during the Volker era are consistent with

neo-Fisherianism. Therefore, it is interesting to consider how the RMBE interacts with the

NFE in the standard new Keynesian (NK) model.

The paper’s main findings are as follows. First, the presence of the RMBE can explain the

occurrence of the NFE within empirically plausible values of the nonseparability parameter.

In addition, a higher nonseparability parameter value magnifies the nominal interest rate’s

positive response to a persistent inflation target shock. Second, this study shows that the

degree of nominal price stickiness is important in explaining the NFE’s amplification due to

the RMBE. On the one hand, a persistent inflation target shock drives the positive reaction

of the nominal interest rate with an increase in the nonseparability parameter under flexible

nominal prices. On the other hand, when nominal prices are predominantly sticky, a higher

value of the nonseparability parameter does not magnify the impact response of the nominal

interest rate to a persistent inflation target shock.

The intuition and policy implications of these findings are as follows. Given the degree of

nominal price stickiness, a larger value of the nonseparability parameter reinforces the RMBE,

causing inflation to rise via the new Keynesian Phillips curve (NKPC) (Woodford, 2003). This

2Several studies have also questioned the statistical significance of the nonseparability assumption (McKnight

and Mihailov, 2015, Poilly, 2010).
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means that a persistent inflation target shock, causing inflation to rise, further increases the

nominal interest rate under the real money balance channel, amplified by a higher value of the

nonseparability parameter. If nominal prices are not sticky, a larger value of the nonseparability

parameter generates a larger NFE. When nominal prices are fully sticky, the occurrence of the

NFE does not depend on the value of the nonseparability parameter. Thus, this paper argues

that the presence of the RMBE causes a stronger NFE than the standard NK model.

Our study makes the following contributions to the literature. This paper is mainly related

to Gaŕın et al. (2018), which showed how the NFE occurs in the textbook NK model. However,

study differs from Gaŕın et al. (2018) in the following point. To consider the NFE, we address

the role of the RMBE captured by the nonseparability parameter. More specifically, we show

that increasing the value of this parameter amplifies the NFE. When the empirically plausible

value of the nonseparability parameter is chosen, the NFE emerges. As a result, in contrast to

their research, we emphasize the interaction between NFE and RMBE.3

Our study is also related to Ali and Qureshi (2022) who examined the role of the cost

channel in accounting for the NFE. They showed that the NFE arises when the cost channel

matters. Similar to the NK model with a cost channel (Ravenna and Walsh, 2006), the RMBE

acts as the cost channel via the positive effect of the nominal interest rate on the real marginal

cost (Woodford, 2003). In contrast to their research, we investigate how the RMBE interacts

with the NFE, demonstrating that the presence of the RMBE significantly amplifies the NFE.

They considered the case of a monetary policy shock, whereas we concentrated on an inflation

target shock to consider the realization of the NFE.

This study is also relates to Bilbiie (2022), who examined the NFE in the standard NK

model with a liquidity trap. Conversely, we focus on how real money balances affect the impact

of an inflation target shock on the nominal interest rate instead of assuming a liquidity trap.

Moreover, Kurozumi (2006) focused on the determinacy properties in an NK model with real

money balances, yet did not consider the role of real money balances in generating the NFE.

Airaudo and Hajdini (2023) examined the role of wealth effects in accounting for the occurrence

of the NFE by focusing on the nonseparable utility between consumption and the labor supply.

3As we will discuss, this paper assumes that the central bank sets the nominal interest rate in response to

an inflation target shock. Conversely, Ali and Qureshi (2022) presumed that the central bank sets the nominal

interest rate by following the standard Taylor rule in their model.
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However, they did not investigate how a real money balance channel induces the NFE.

To our knowledge, no study has attempted to provide in-depth insights into the role of

real money balances in explaining the occurrence of the NFE in a standard NK model. The

money demand function plays an important role in monetary policy transmission as long as the

zero-lower bounds on nominal interest rates are not realized. Accordingly, this study addresses

the importance of considering the interaction between the real money balance and the NFEs.

The remainder of this paper is organized as follows. Section 2 describes the standard

NK model with the RMBE and explains the parameter values adopted in the paper. Section 3

summarizes the paper’s main findings, and Section 4 presents some policy implications. Section

5 briefly concludes.

2 The NK model with real money balances

This section briefly explains the standard NK model with real money balances. In Section 2.1,

following Woodford (2003), we provide the NK model’s description with real money balances.

The deep parameters used in this study are then described in Section 2.2.

2.1 Model description

Based on Woodford (2003), the model’s structure is summarized as follows. Subject to an

intertemporal budget constraint, households maximize their utility function, comprising con-

sumption, real money balances, and labor supply. This paper specifies money in the utility

function. More specifically, the model is predicated on the end-of-period timing of the house-

hold’s money holdings.4 Firms that face a monopolistically competitive environment determine

their optimal prices under Calvo (1983)’s nominal price rigidity. Following Gaŕın et al. (2018),

the central bank determines the nominal interest rate so as to satisfy its inflation target. Con-

sequently, except for the monetary policy specification, the model consists of three equations:

a dynamic IS equation, an NKPC, and a money demand function. The lowercase variable

represents a log-deviation from the steady state.

The first equation is a dynamic IS curve derived from intertemporal optimal household

4See Kurozumi (2006) for the role of other specifications of the timing of household’s money holding in the

standard NK model.
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conditions. The dynamic IS curve is given by

xt = Etxt+1 − σ−1(rt − Etπt+1 − rnt )− σ−1χ(Etmt+1 −mt), (1)

where xt is the output gap, πt is the inflation rate, rt is the nominal interest rate, andmt denotes

real money balances. Variable rnt denotes the natural rate of interest that stands for the real

interest rate in the flexible price equilibrium. Et is the expectations operator conditional on the

information about period t. The parameters σ and χ denote the constant relative risk aversion

coefficient and the degree of the nonseparability between consumption and real money balances

in the utility function, respectively.5 In the case of χ > 0, a marginal utility of consumption

increases with a marginal increase in real money balances. In contrast to the standard NK

model, the inclusion of the nonseparable utility function results in the addition of a third term

to the IS curve. We observe that an expected change in real money balances impacts the

current output gap. Notice that the final term in the IS curve disappears when the separable

utility function is assumed (Woodford, 2003).

The second equation is an NKPC derived from the optimal condition of monopolistic com-

petitors’ firms and Calvo (1983) type nominal price rigidities. The NKPC is given by

πt = βEtπt+1 + λ(σ + φ)xt − λχmt, (2)

where the slope of the NKPC is given by

λ =
(1− θ)(1− βθ)

θ
. (3)

Parameter θ denotes the Calvo lottery, representing the degree of nominal price rigidity. φ

denotes the inverse of Frisch elasticity. When the utility function cannot be separated from

consumption and real balances, the NKPC is negatively affected by real money balances. The

third term on the right-hand side of the NKPC reflects this channel. When χ > 0, comovement

occurs between consumption and real money balances. The real marginal costs negatively

depend on the real money balances, whereas they are positively related to consumption. Hence,

while an increase in consumption leads to a rise in the real marginal costs, it reduces the real

marginal costs via the real money balance channel. When χ = 0, the NKPC reduces to one

derived in the standard NK model.

5This paper assumes that χ > 0. Benhabib et al. (2001) consider the case of χ < 0.
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The third equation is a money demand function derived from the household’s optimization

problem for money holdings (Walsh, 2017, Woodford, 2003), and more specifically, from the fact

that the marginal rate of substitution between consumption and real money balances equals

the opportunity costs of money holdings. The log-linearized money demand function is given

by

mt = ηyxt − ηrrt, (4)

where ηy denotes the income elasticity of money demand and ηr represents the interest elasticity

of money demand. Note that the money demand function does not rely on the assumption of

the nonseparable utility between consumption and real money balances (Woodford, 2003).

To conduct a further analytical investigation, we provide the following two-equation system

by substituting Equation (4) into Equations (1) and (2) as follows:

xt = Etxt+1 −
1

σ − χηy
(rt − Etπt+1) +

χηr
σ − χηy

Et∆rt+1, (5)

πt = βEtπt+1 + λ(σ + φ− χηy)xt + λχηrrt. (6)

According to Equation (6), the inflation rate positively depends on the nominal interest rate

due to the presence of the RMBE as long as χ > 0.6 Following Kurozumi (2006) and Woodford

(2003), we assume that σ − χηy > 0 to avoid the inverted DIS logic. Under an empirically

plausible parameterization, we can easily confirm that the assumption is satisfied.

In what follows, we explain how the RMBE operates in this model. Consider the case for

a nominal interest rate increase. A rise in the nominal interest rate reduces the output gap

via the following two channels. On the one hand, raising the nominal interest rate reduces real

money balances. According to Equation (1), the output gap decreases as the first difference in

real balances decreases, reflecting the real money balance channel. On the other hand, a rise

in the nominal interest rate directly reduces the output gap via the interest rate’s traditional

demand channel. Because of the above two channels, a decrease in the output gap results in a

decline in inflation. However, it can raise the inflation rate because the real marginal costs in

an NK model with real money balances depend on the nominal interest rate. Accordingly, a

6As shown in Ravenna and Walsh (2006), the NKPC positively depends on the nominal interest rate in an

NK model with a cost channel. This is because the real marginal costs increase with a rise in the nominal

interest rate. See Ravenna and Walsh (2006) for a detailed discussion about the cost channel in the NK model.
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persistent inflation target shock may generate the NFE when the supply channel of the nominal

interest rate outweighs the demand channel.

We now describe the monetary policy specification. Instead of assuming a simple monetary

policy rule, such as the Taylor rule (Taylor, 1993), we follow Gaŕın et al. (2018) and presume

that an exogenous inflation target specifies monetary policy.7 An exogenous inflation target

shock is characterized by an auto-regressive (AR)(1) process. The central bank manipulates

the nominal interest rate in order to achieve its inflation target. In the following, we assume

the following monetary policy specification:

πt = π∗
t , (7)

π∗
t = ρππ

∗
t−1 + εt, (8)

where ρπ ∈ (0, 1) denotes the degree of inflation target shock persistence and εt is an indepen-

dent and identically distributed shock with the constant variable σ2
π.

As previously stated, the presence of the RMBE mitigates the effect of monetary contraction

on inflation, but how the RMBE influences the NFE is unclear. Put differently, we must

investigate whether an inflation target shock causes a rise in the nominal interest rate. Consider

the case of an exogenous inflation target shock. On the one hand, this shock immediately causes

an increase in inflation, which given the nominal money aggregate, leads to a decline in real

money balances. On the other hand, the money demand function implies that a decrease in

real money balances raises the nominal interest rate. Therefore, in contrast to Gaŕın et al.

(2018), the NFE may be amplified or dampened by the RMBE. The next section explores how

the separability parameter χ affects generating the NFE.

2.2 Parameterization

This section follows the existing literature in the NK model and describes the deep parameters

used in this paper. Following Gaŕın et al. (2018), we set the discount factor β, the relative risk

aversion coefficient for consumption σ, and the inverse elasticity of the labor supply φ, 0.99,

1.0, and 1.0, respectively. Following Woodford (2003), the income elasticity of money demand

ηr is set to 1.0, and the value of the interest elasticity of money demand ηy is set to 7.

7Ali and Qureshi (2022) adopted a simple Taylor rule to investigate the occurrence of the NFE in an NK

model.
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Next, consider the calibration of χ. We focus on the assumption of χ ≥ 0 to be consistent

with the empirical value of the nonseparability parameter. No consensus appears to have

been reached among previous empirical studies regarding the estimated value of parameter χ.

The presence of a nonseparable utility function has resulted in poorer empirical performance

(Ireland, 2001). Conversely, several recent studies reported that the nonseparable parameter χ

is statistically significant (Poilly, 2010, Serletis and Xu, 2020). Furthermore, Kurozumi (2006)

showed that the parameter χ has a crucial impact on the determinacy condition and assumed

that this parameter value ranges from 0 to 0.02. Meanwhile, in McKnight and Mihailov (2015),

the parameter range is presumed to be between 0 and 0.03. These parameter values are included

in recent studies’ reported values (Poilly, 2010, Serletis and Xu, 2020). Moreover, as pointed

out in Jia (2021) and Piazzesi, Rogers and Schneider (2019), the degree of the nonseparability

parameter is related to the money demand’s interest elasticity. Jia (2021) discussed that this

value may range from 0.05 to 0.35. Ida (2023) considered that the value of χ ranges from 0 to

0.05. Despite the lack of agreement over the precise ranges of this parameter, we set parameter

χ to a range of 0 to 0.05 to be consistent with the calibrated values in previous studies.

3 Main results

This section reports the main findings of this paper. Section 3.1 investigates inflation’s reaction

to an inflation target shock and confirms the condition of the emerging NFE. In Section 3.2,

we report sensitivity experiments with various parameterizations.

3.1 The NFE in an NK model with real money balances

Consider the nominal interest rate’s reaction to an inflation target shock. More concretely, we

solve the rational expectations (RE) model by considering the undetermined coefficient method

(UCM). Doing so allows us to derive an analytical solution using several intuitions about why

the NFE occurs in this paper. To obtain the analytical solution in the RE model, McCallum

(1983) proposed the minimum state variable (MSV) solution, whom we follow to seek the MSV

solution using the UCM.8 Accordingly, we can derive the MSV solution for the interest rate as

8Concentrating on the MSV solution excludes the bubble solution in the RE model.
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follows:

rt = Ψπ∗
t , (9)

where

Ψ =
(σ − χηy)(1− ρπβ)(ρπ − 1) + λρπ(σ + φ− χηy)

Ω
,

Ω = λ{(σ + φ− χηy)[1− χηr(ρπ − 1)]− (σ − χηy)χηr}.

In the following analyses, without loss of generality, we assume that Ω > 0. Similarly, for the

output gap, we obtain the MSV solution as follows:

xt = Γπ∗
t , (10)

where

Γ =
(1− ρπβ)[Ω− χηrλ

2(σ − χηy)(σ + φ− χηy)(ρπ − 1)]− λ2(σ + φ− χηy)
2ρπ

Ωλ(σ + φ− χηy)
.

Finally, the real interest rate (rrt) is given as follows:

rrt = rt − Etπt+1,

= (Ψ− ρπ)π
∗
t . (11)

Consider how a change in parameter χ impacts the response of the nominal interest rate to

an inflation target shock. As Gaŕın et al. (2018) pointed out, the numerator in the coefficient

Ψ is likely to be positive in this model. In contrast to Gaŕın et al. (2018), however, this

study considers that parameter χ significantly affects the response of the nominal interest rate

to an inflation target shock. Although a higher value of χ lowers the denominator in Ψ, it

also decreases the numerator in its coefficient. Accordingly, we conjecture that a higher value

of χ reinforces the positive effect of an inflation target shock on the nominal interest rate if

the former effect outweighs the latter. Hence, it follows from Equation (11) that this naturally

influences the response of the real interest rate to an inflation target shock. When the separable

utility between consumption and real money balances is assumed (i.e., χ = 0), the solution (9)

reduces to that derived by Gaŕın et al. (2018).

First, we investigate whether increasing the parameter χ reinforces or dampens the effect of

an inflation target shock on the nominal interest rate. In other words, we investigate whether

a change in parameter χ affects the sensitivity of the nominal interest rate response to an

inflation target shock. We have the following result:
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Proposition 1 Let ρπ ̸= θ and χ ≥ 0. An increase in the parameter χ always reinforces the

positive effect of an inflation target shock on the nominal interest rate if (1−ρπβ)(1−ρπ) > λρπ

and ηy[χηr(ληy(ρπ − 1) + 1)− λ] < ηr[λ(ρπ − 1)(σ + φ)− χηyρπ + σ].

Proof. Differentiating the coefficient Ψ with respect to χ, we obtain the following result:

∂Ψ

∂χ
=

AB − CD

B2
,

where

A = ηy[(1− ρπβ)(1− ρπ)− λρπ],

B = λ(σ + φ− χηy)(1− χηr(ρπ − 1))− χηr(σ − χηy) > 0,

C = (σ − χηy)(1− ρπβ)(1− ρπ) + λ(σ + φ− χηy) > 0,

D = ηy[χηr(ληy(ρπ − 1) + 1)− λ]− ηr[λ(ρπ − 1)(σ + φ)− χηyρπ + σ].

Since the denominator is positive, the coefficient Ψ always becomes positive if A is a positive and

D is a negative value. When ρπ > θ, the coefficient A becomes a positive. Furthermore, for the

coefficient D to be negative, we require the following condition: ηy[χηr(ληy(ρπ − 1)+1)−λ] <

ηr[λ(ρπ − 1)(σ + φ)− χηyρπ + σ]. ∂Ψ/∂χ > 0 if these conditions are satisfied. This completes

the proof.

The intuition of this result is as follows. Consider the case of an exogenous inflation-targeting

shock. On the one hand, if the NFE is present, this shock immediately causes an increase

in inflation, pushing up the nominal interest rate. Furthermore, given the nominal money

aggregate, a rise in the inflation rate generates a decline in real money balances, increasing

the nominal interest rate. Given the degree of nominal price stickiness, a higher value of ρπ

indicates a stronger effect of an inflation target shock on the actual inflation rate. Therefore,

for the case of a higher value of ρπ, the RMBE is likely to create a larger NFE.

Based on the calibrated values reported in Section 2.2, we numerically check how the degree

of nonseparability χ influences the impact of an inflation target shock on the nominal interest

rate. Figure 1 shows that the response of the nominal interest rate to an inflation target shock

becomes positive when ρπ exceeds 0.5. Additionally, an increased value of χ reinforces the

positive impact of an inflation target shock on the nominal interest rate. Therefore, in contrast

to Gaŕın et al. (2018), this study considers the impact of the RMBE on the NFE in an NK
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model. For even a smaller value of χ, the RMBE plays a significant role in explaining the

occurrence of the NFE.

[Figure 1 around here]

Next, our main question is whether the RMBE affects the occurrence of the NFE. More

concretely, we present a condition on the parameter χ, which is important in an NK model with

real money balances, generate the NFE in this model. Although the NFE requires ∂rt/∂π
∗
t > 0,

does a change in χ help generate this effect? We provide the following proposition to consider

the role of the parameter χ in this study:

Proposition 2 Let ρπ ̸= θ. In an NK model with real money balances, the NFE emerges if

either χ > χ∗ when ρπ < θ or if χ < χ∗ when ρπ > θ.

Proof. The NFE requires that ∂rt/∂π
∗
t > 0, implying Ψ > 0. Here, the threshold of χ that

determines whether the NFE occurs is given as follows:

χ∗ =
σ(1− ρπβ)(ρπ − 1) + λ(σ + φ)ρπ

ηy[(1− ρπβ)(ρπ − 1) + ρπλ]
. (12)

The value of χ that exceeds this threshold leads to the condition Ψ > 0 when θ > ρπ. This is

because the threshold takes a smaller value as ρπ increases in the case of θ > ρπ. Therefore, the

value of χ that exceeds the threshold χ∗ creates the NFE. The opposite case occurs, however,

when ρπ > θ. More precisely, the threshold takes a larger value as ρπ increases in the case of

ρπ > θ. In this opposite case, a value of χ that is less than this threshold produces Ψ > 0,

implying that the value of χ that is smaller than the threshold χ∗ generates the NFE. This

completes the proof.

This proposition states that the value of ρπ relative to θ becomes significant in determining the

threshold of χ in an NK model with real money balances. This result’s intuition is as follows.

A positive inflation target shock implies that the inflation rate will rise. A larger value of ρπ

amplifies this effect. Conversely, a higher value of the parameter θ dampens the response of the

inflation rate to the economic shock. Furthermore, in the case of χ > 0, the nominal interest

rate positively affects the inflation rate via the RMBE in the NKPC. Accordingly, in the case

of ρπ > θ, an inflation target shock leads to increased inflation, which is easily amplified by a

smaller value of χ. Thus, as long as the condition ρπ > θ is satisfied, a lower value of χ suffices
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to produce the positive response of the nominal interest rate to a persistent inflation target

shock.

Conversely, when θ > ρπ, a higher value of the parameter χ is required to generate the

NFE via the RMBE in the NKPC because an inflation target shock has difficulty in inducing

a persistent increase in the inflation rate. Conversely, when ρπ > θ, a higher value of χ does

not generate the NFE. The sensitivity of the output gap to the real interest rate is attenuated

as parameter χ takes a larger value. In particular, a decline in the real interest rate causes

a drop in the output gap when χηr > σ. However, as Kurozumi (2006) pointed out, such a

larger parameterization of χ is strongly excluded to retain the stable RE equilibrium in an NK

model with real money balances. Consequently, in this paper, the parameter range of χ that

produces the NFE would be significantly restricted by the condition σ > χηr.

Summing up, in the case of θ > ρπ, the NFE does not occur within the empirically plausible

value of the nonseparability parameter. However, if the condition θ < ρπ is satisfied, the real

money balance channel generates the NFE.

In the following discussion, based on the calibrated values in Section 2.2, we numerically

examine the threshold of χ to cause the NFE. Figure 2 illustrates the thresholds of χ when

θ = 0.7. It turns out that the value of χ that exceeds the threshold χ∗ generates the NFE as

long as θ > ρπ. However, once ρπ is larger than θ, a minimal value of χ easily produces an

increase in the nominal interest rate to an inflation target shock. The calibration of θ = 0.7 is

standard in the NK model (Walsh, 2017, Woodford, 2003). Moreover, as mentioned in Section

2.2, a range of χ between 0 and 0.05 is empirically supported by previous studies (Ida, 2023,

Kurozumi, 2006, McKnight and Mihailov, 2015, Woodford, 2003). Thus, under empirically

plausible calibrated values, we do not obtain the positive response of the interest rate to an

inflation target shock in the presence of the RMBE. This result starkly contrast with Gaŕın

et al. (2018).

[Figure 2 around here]

Figure 2 also shows that when ρπ > θ, a very smaller value of χ satisfies the neo-Fisherian

region that an inflation target shock leads to a rise in the nominal interest rate. A larger value

of χ that exceeds the threshold χ does not generate the NFE when ρπ takes a larger value.

However, such a parameterization is not supported by previous empirical studies. Summing up,
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for the larger value of ρπ, we can easily find the empirically plausible value of χ that satisfies

the condition of Proposition 2.

Figure 3 shows the impact response of the nominal interest rate to an inflation target shock

under several parameterizations of the parameter χ when θ is fixed at 0.7. First, consider the

case of no RMBE, i.e., χ = 0, which corresponds to the case of Gaŕın et al. (2018). When the

parameter ρπ is below 0.6, an inflation target shock reduces the nominal interest rate, consistent

with that of Gaŕın et al. (2018). Second, consider the case with the RMBE. Regardless of the

nonseparability parameter degree, there is no positive relationship between inflation and the

nominal interest rate if the parameter ρπ is less than 0.6. As in Gaŕın et al. (2018), the NFE

occurs when the parameter ρπ exceeds 0.6. However, in contrast to Gaŕın et al. (2018), the

role of the nonseparability parameter in determining the impact of an inflation target shock

on the nominal interest rate is discussed. Indeed, Figure 3 illustrates that a higher value of χ

magnifies the impact response of the nominal interest rate to an inflation target shock. Thus,

despite the degree of the nonseparability parameter, an inflation target shock always leads to

a negative response of the nominal interest rate as long as θ > ρπ. Moreover, a larger value of

χ amplifies the NFE when introducing a persistent but transitory inflation target shock.

[Figure 3 around here]

Figure 4 shows the impulse response of the nominal interest rate to an inflation target

shock in the case of ρπ = 0.65. Gaŕın et al. (2018) shows that the impact response of the

nominal interest rate to the shock is positive when ρπ is above 0.6. The result of our model

confirms their result in the case of χ = 0. We stress that a higher value of χ creates a larger

response of the nominal interest rate to an inflation target shock. In particular, a higher value

of χ significantly reinforces the impact of an inflation target shock on the nominal interest

rate. Accordingly, a higher value of χ naturally causes a persistent response of the nominal

interest rate after the shock. Given the degree of nominal price stickiness, a higher value of χ

strengthens the RMBE, generating inflation via the NKPC. Hence, a persistent inflation target

shock raises the nominal interest rate under the RMBE, reinforced by a higher nonseparability

parameter value.

[Figure 4 around here]
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3.2 Sensitivity experiments

Sensitivity experiments are provided in this section. First, we consider whether the degree of

nominal price stickiness significantly affects the impact of real money balances on the NFE.

Gaŕın et al. (2018) showed that the degree of nominal price stickiness is critical for the oc-

currence of the NFE; when nominal price stickiness is high enough, the effect does not appear

unless an extremely persistent inflation target shock is introduced. We also consider whether,

given the values of θ and ρπ, the degree of χ affects the occurrence of the NFE in our study.

Figure 5 shows how changing the parameter χ affects the nominal interest rate’s response

to an inflation target shock under several parameterizations of nominal price stickiness θ. First,

consider the case for flexible nominal prices. Consistent with Gaŕın et al. (2018), regardless of

inflation target shock persistence, a persistent inflation target shock induces an increase in the

nominal interest rate in this paper. More concretely, a higher value of ρπ amplifies the impact

of an inflation target shock on the nominal interest rate.

[Figure 5 around here]

We next examine how the degree of nominal price stickiness affects the occurrence of the

NFE in an NK model with real money balances. When moderate nominal price stickiness is

present, as shown in Gaŕın et al. (2018), an inflation target shock decreases the nominal interest

rate when the inflation target shock is less persistent. In the right-upper panel in Figure 5,

the nominal interest rate is negatively related to an inflation target shock when ρπ is less than

0.4. Similar to flexible nominal prices, a higher value of χ amplifies the impact response of

the nominal interest rate when an inflation target shock is predominately persistent. When

the calibrated value of θ is assumed as the benchmark case (i.e., θ = 0.7), the NFE disappears

when ρπ is less than 0.6. In contrast to Gaŕın et al. (2018), a higher value of χ dampens the

negative impact of an inflation target shock on the nominal interest rate. In the case of θ = 0.7,

the NFE emerges when ρπ exceeds 0.6. However, the impact on the response of the nominal

interest rate seems to be slightly affected by an increased parameter χ.

Figure 5 (iv) illustrates the impact of an inflation target shock on the nominal interest

rate to an inflation target shock when nominal price stickiness is extremely high. Gaŕın et al.

(2018) shows that the NFE does not occur as long as an inflation target shock is predominately

persistent. As in the case of θ = 0.7, a higher value of χ dampens the negative impact of an
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inflation target shock on the nominal interest rate for a smaller value of ρπ. In particular, when

nominal prices are highly stickier, the impact on the nominal interest rate is almost unaffected

by an increased value of parameter χ even if ρπ takes a considerably high value.

We further present the impulse response of several key macrovariables to an inflation target

shock. Figures 6 (i) and (ii) depict the impulse response when the inflation target shock is

not persistent. A positive inflation target shock raises the inflation rate while also lowering

the nominal interest rate. A fall in the nominal interest rate increases the output gap but

decreases the real interest rate. However, as long as an inflation target shock is less persistent,

the impulse responses are unaffected by a change in the parameter χ.

As shown by Figure 6 (iii), in the case of ρπ = 0.6, the real interest rate response is

unaffected by a change in χ. However, while the response of the nominal interest rate becomes

negative in the case where χ is less than 0.02, the case of χ = 0.05 produces a smaller negative

response of the nominal interest rate to an inflation target shock. Thus, a higher value of the

parameter χ causes the NFE when an inflation target shock has moderate persistence.

Finally, consider the case of ρπ = 0.9. Remarkably, Figure 6 (iv) illustrates that the

response of the nominal interest rate becomes positive after an inflation target shock, namely,

the occurrence of the NFE. This figure also depicts that a higher value of χ significantly

amplifies its effect. Hence, a reduction in the real interest rate is attenuated since a higher

value of χ causes a further increase in the nominal interest rate. In particular, the real interest

rate increases when ρπ = 0.9, inducing a further decline in the output gap through an IS curve.

As a result, a drop in the output gap is the largest in the case of χ = 0.05.

[Figure 6 around here]

4 Discussion

This section presents the policy implications of our findings. This paper aimed to investi-

gate whether the RMBE accounts for the occurrence of the NFE in an NK model. Although

the presence of the RMBE may not fully explain the occurrence of the NFE, we found that

increasing the nonseparability parameter strengthens the effect of the RMBE on the NFE phe-

nomenon. This implies that the money demand function significantly impacts the NFE as long
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as the central bank does not face nonnegativity constraints on nominal interest rates.9 As

shown by Gaŕın et al. (2018), we confirmed that a persistent inflation target shock generates a

positive response of the nominal interest rate to an inflation target shock, given the standard

calibrated value of nominal price stickiness. Unlike Gaŕın et al. (2018), in the presence of

the real money balance channel, we demonstrated that a higher value of the nonseparability

parameter magnifies the NFE via the RMBE.

What implications does our finding have for monetary policy? Due to the deflationary risk

posed by a negative shock to the natural interest rate, advanced-country central banks have set

their nominal interest rates at an effective lower-bound floor. However, since 2022, advanced-

country central banks have sought to raise nominal interest rates to combat an inflationary

risk in which actual inflation exceeds the central bank’s inflation target. According to the

neo-Fisherian hypothesis, a higher inflation target value increases the nominal interest rate.

Furthermore, as shown in Woodford (2003), when the money demand function is present, an

NKPC indicates that a decrease in real money balances raises the inflation rate through a rise

in the nominal interest rate.

Although the zero-lower bound on nominal interest rates breaks the stable money demand

relationship between money and the interest rate (Ida, 2023), such a relationship is revived

when interest rates are positive. Our research found that if nominal prices are not too sticky,

the RMBE significantly strengthens the NFE if introducing a persistent inflation target shock.10

As a result, this study considers that central banks should consider the role of the RMBE when

analyzing the relationship between its target inflation rate and the nominal interest rate to

combat inflationary pressures on the economy. As previously noted, Williamson (2019) stated

the importance of money aggregate in the Volker era, arguing that movements in both inflation

and nominal interest rates were consistent with the concept of neo-Fisherianism. Because recent

studies have also argued for a role of monetary aggregate (Belongia and Ireland, 2018, Billi,

Söderström and Walsh, 2020, Jia, 2021), our study has important policy implications for recent

monetary policy analysis.

9This is due to the fact that once the nominal interest rate reaches the effective lower-bound floor, the money

demand function may no longer hold.

10We do not consider the role of the RMBE in accounting for the NFE when a liquidity trap occurs. See

Bilbiie (2022) for a detailed discussion of the NFE under a liquidity trap.
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5 Conclusions

Does a rise in the central bank’s target inflation induce a rise in the nominal interest rate?

This simple question has recently become critical to the effectiveness of monetary policy in ad-

vanced economies. According to standard macroeconomics, we would expect that the inflation

rate generally declines after a rise in the nominal interest rate. Conversely, the neo-Fisherian

hypothesis indicates the positive comovement between the nominal interest rate and inflation

in the short run. Recently, several studies focused on the real money balance channel, implying

that a change in money balances impacts the aggregate demand via monetary policy’s demand

and supply channels.

The NFE was investigated in this study using a standard NK model with real money

balances. In particular, we focus on the role of the nonseparability parameter, capturing the

RMBE, in considering the occurrence of the NFE. This paper makes several main findings.

First, we found that the presence of the RMBE may explain the occurrence of the NFE within

empirically plausible values of the nonseparability parameter. Second, this study showed that

the degree of nominal price stickiness helps to create the NFE’s amplification. On the one

hand, a persistent inflation target shock drives the positive reaction of the nominal interest

rate with an increase in the nonseparability parameter under flexible nominal prices. On the

other hand, when nominal prices are predominantly sticky, a higher value of the nonseparability

parameter does not magnify the impact response of the nominal interest rate to a persistent

inflation target shock. In sum, this study emphasizes how the presence of the RMBE facilitates

accounting for the occurrence of the NFE.

Finally, we would like to mention some upcoming projects. Although this study focused on

the case of an inflation target shock as a monetary policy specification, other monetary policy

rules, such as the Taylor rule, could also be considered. It will be interesting to see if the

RMBE significantly impacts the NFE under an alternative monetary policy rule. Furthermore,

while our model is based on the purely forward-looking NK model with real money balances,

we intend to extend it with lagged endogenous variables such as inflation persistence and

consumption habit formation.
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Figure 1: The effect of χ on the coefficient Ψ
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Figure 2: Threshold of χ and the NFE
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Figure 3: Impact response of the nominal interest rate to an inflation-targeting shock: The

role of χ
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Figure 4: Impulse response of the nominal interest rate to an inflation-targeting shock: ρπ =

0.65
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Figure 5: Impact response of the nominal interest rate to an inflation-targeting shock: The

role of nominal price stickiness
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Figure 6: Impulse response to an inflation-targeting shock

Note: A solid line denotes χ = 0, a dash-dotted line denotes χ = 0.02, a dashed line denotes

χ = 0.03, and a line with (x) denotes χ = 0.05, respectively.
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