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1 Introduction

A growing body of previous studies has addressed the important research topic of how mon-
etary policy transmission works. The traditional monetary policy transmission indicates that
contractionary monetary policy shocks lead to a decline in inflation and output gap. However,
another channel for the supply-side effect of monetary policy has been explored empirically
and theoretically (Abo-Zaid, 2022; Barth IIT and Ramey, 2001; Beaudry et al., 2024; Chris-
tiano et al., 2005; Henzel et al., 2009; Ida, 2023; Nie, 2023; Ravenna and Walsh, 2006; Tillmann,
2008), namely, the cost channel.! The cost channel focuses on the role of a firm’s working cap-
ital, and its increase causes inflation through tightened marginal costs. If we allow for this
channel, an increased nominal interest rate may provide a different consequence contrary to
the traditional monetary policy transmission.? For instance, Ravenna and Walsh (2006) showed
that the cost channel creates an endogenous policy trade-off between inflation and the output
gap in terms of optimal monetary policy because the aggregate supply curve positively depends
on the nominal interest rate. Llosa and Tuesta (2009) found that the cost channel restricts
the central bank’s policy reaction to fluctuations in inflation and the output gap to achieve the
unique determinate equilibrium in the NK model.

The effectiveness of monetary policy depends on how the central bank successfully manip-
ulates the expectations of the private sector. The expectations channel of monetary policy
plays a significant role in the NK model (Woodford, 2003). Without the cost channel, if the
central bank can correctly manipulate the expectations of the private sector, it can strengthen
the demand channel of monetary policy. However, its presence may reduce the effectiveness of
monetary policy through the demand channel through which rising nominal interest rates lead
to a contraction in output. In addition, the policy prescription of the standard NK model is
based on the assumption of rational expectations. Unfortunately, this assumption often yields

a paradoxical policy prescription, such as the forward guidance puzzle (Del Negro et al., 2012).3

da (2023) and Patel (2021) addressed the role of a cost channel in a two-country New Keynesian (NK)

model.

?In contrast to previous studies that supported the cost channel hypothesis, Rabanal (2007) argued that the
role of the cost channel is limited by implementing the Bayesian estimation of the dynamic stochastic general
equilibrium model.

3The forward guidance puzzle indicates the inconsistent phenomenon in that a zero interest rate policy creates

a substantial effect on inflation and the output gap, which is not observed in the data.
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Therefore, several studies have considered alleviating the assumption of rational expectations in
the standard NK model to prevent this unintended result (Airaudo, 2020; Gabaix, 2020). These
studies have focused on the role of bounded rationality in the NK model. They showed that
including bounded rationality can resolve some paradoxical phenomena observed in a standard
NK model. Accordingly, this study casts the following question: Will departure from rational
expectations significantly amplify or attenuate the cost channel of monetary policy? Although
this important research question is simple, how the presence of bounded rationality delivers
the effect of a cost channel on monetary policy transmission remains unclear.

This study aims to thoroughly explore the role of a cost channel in the NK model with
bounded rationality, namely, the behavioral NK (BNK) model. Gabaix (2020) considered the
role of cognitive discounting based on the presence of bounded rationality in agents in the
NK model. We incorporate the firm’s working capital channel considered by Ravenna and
Walsh (2006) into the BNK model developed by Gabaix (2020) to consider the role of the cost
channel.* More specifically, following Chowdhury et al. (2006), we employ incomplete pass-
through from the interest rate to the loan rate to reveal the strength of the cost channel. In
sum, our model can examine the interaction effect of cognitive discounting and cost channels
on monetary policy transmission. Although this may be regarded as a simple model extension,
we demonstrate that such a simple model can produce several interesting and important policy
prescriptions, which are not addressed in previous studies.

The findings of this study are briefly summarized as follows. First, we derive the deter-
minacy condition in the BNK model with a cost channel and show that, contrary to previous
studies, the degree of cognitive discounting significantly affects the determinacy condition.
Second, we demonstrate that the price puzzle occurs only when a large value of cost channel
parameters, which is not empirically supported, is introduced with a high degree of cognitive
discounting. Third, we find that the degree of cognitive discounting significantly impacts the
effect of a cost channel on optimal monetary policy.

Our study contributes to previous studies as follows. First, we present a new insight into

the determinacy problem in the NK model with a cost channel. In the standard NK model, the

“See Meggiorini and Milani (2021), Wagner et al. (2022), Benchimol and Bounader (2019), Ida (2024b),
and Ilabaca et al. (2020) for a detailed discussion about the effect of introducing cognitive discounting on the

effectiveness of monetary policy.



Taylor principle, which indicates that the central bank also one-for-one raises its interest rate
in response to inflation, is required to guarantee the unique rational expectations equilibrium
(REE) (Bullard and Mitra, 2002).> However, Llosa and Tuesta (2009) and Surico (2008) showed
that the inclusion of the cost channel renders the determinacy condition necessary to achieve
the unique REE highly complicated. In contrast to these studies, we analytically show how
the presence of the cost channel affects the determinacy problem in the BNK model. Given
that the introduction of bounded rationality mitigates the expectations channel of monetary
policy, the presence of the cost channel does not alter the determinacy condition even with a
high degree of cognitive discounting. Conversely, for a small degree of cognitive discounting,
the cost channel leads to a severe determinacy condition to achieve the unique REE. These
results are not addressed in previous studies.

Second, this study builds on the following literature by accounting for the price puzzle
phenomenon observed in the empirical studies. In empirical studies using vector autoregressive
(VAR) models, several studies have documented that monetary tightening shocks often cause
positive rather than negative responses in the inflation rate (Florio, 2018; Hanson, 2004; Ida,
2014; Henzel et al., 2009; Ida, 2024a). Several studies have focused on the role of a cost
channel to explain this paradoxical result (Chowdhury et al., 2006; Castelnuovo, 2007). Qureshi
and Ahmad (2021) argued the role of trend inflation in explaining the effect of a monetary
contraction on the inflation rate in the NK model with a cost channel. Ida (2024a) concentrated
on the role of household heterogeneity to explain the price puzzle phenomenon in the NK model.
Contrary to these studies, we show that a high value of a cost channel parameter causes the price
puzzle once we allow for monetary policy shock persistence. Under such a model environment,
a high degree of cognitive discounting should have a large value of the cost channel parameter to
generate the price puzzle. However, given that such a large value is not empirically supported,
we posit that the introduction of bounded rationality helps to prevent the occurrence of the
price puzzle.

Third, our study is related to the literature on optimal monetary policy in economies with a

cost channel. As mentioned earlier, Ravenna and Walsh (2006) demonstrated that the presence

5See Airaudo (2013), Ascari and Ropele (2009), Bullard and Mitra (2002), Bullard and Singh (2008), Ida
(2023), Llosa and Tuesta (2009), and Surico (2008) for a detailed discussion about the determinacy problem in
the NK model.



of a cost channel generates a policy trade-off between inflation and the output gap even without
an exogenous supply shock such as a price mark-up shock. They showed that the discrepancy in
policy responses between commitment and discretion becomes substantial if the cost channel
is introduced in the NK model. Tillmann (2009) considered the effect of a cost channel on
an optimal discretionary policy in the NK model with model uncertainty. Demirel (2013)
examined whether the gain from a commitment policy is large in an NK model with a cost
channel. Contrary to these studies, the present study focused on how the presence of a cost
channel affects optimal monetary policy under bounded rationality. We highlight that a high
degree of cognitive discounting makes the difference in policy response between commitment
and discretion highly negligible.

In sum, our study underlines the importance of considering the presence of bounded ratio-
nality in agents in the NK model with a cost channel. Our simple model succeeds in accounting
for the interaction effect of cognitive discounting the cost channel on monetary policy trans-
mission. We show that introducing bounded rationality in agents can ease the indeterminacy
problem stemming from the cost channel and it also helps account for the price puzzle phe-
nomenon. To the best of our knowledge, no studies have attempted to explore the role of the
cost channel in the NK model in which bounded rationality in agents matters.

This paper is further structured as follows. Section 2 briefly describes the model. Sec-
tion 3 reports the analytical results of how the presence of cognitive discounting affects the
determinacy properties in the NK model with a cost channel. This section also examines how
the degree of cognitive discounting affects the response of inflation to a monetary contraction.
Then, Section 4 considers the effect of a cost channel on optimal monetary policy in the BNK

model. Finally, Section 5 concludes the study.

2 Model

We briefly describe the BNK model with a cost channel. We incorporate a simple cost channel
into the BNK model developed by Gabaix (2020). Although the model is based on the standard
forward-looking NK model, our assumption departs from the assumption of rational expecta-
tions. Gabaix (2020) presumed that the perceived actual law of motion regarding the current
economic state may be less persistent than the actual law of motion. Thus, in this model,

the behavioral agents imprecisely perceive the law of motion for the parameter m € [0, 1],



representing the cognitive discount factor.

Next, we briefly explain the model’s structure. The households maximize their utility
function, comprising consumption and labor supply by following an intertemporal budget con-
straint. The firms that face monopolistically competitive environment determine their optimal
prices under Calvo (1983)’s nominal price rigidity. In addition, firms borrow funds from finan-
cial intermediaries to pay employee wages. This assumption is the source of a cost channel
in the model. Following Ravenna and Walsh (2006) and Chowdhury et al. (2006), financial
intermediaries receive deposits from households and lend funds to firms. The central bank
manipulates the nominal interest rate in accordance with an instrument rule or a targeting
rule. Consequently, except for the monetary policy specification, the model consists of three
equations: a dynamic IS equation, an NK Phillips curve (NKPC), and a monetary policy rule.

Finally, unless otherwise specified, hatted variables represent the logarithmic deviation from
the steady state. We define Z; = log(Z;/Z) as the deviation of Z; from the steady state. Z

represents the value of the steady state.

2.1 Brief explanation of cognitive discounting

Before providing a detailed model description, we briefly explain the definition of bounded
rationality. Following Gabaix (2020), we assume that bounded rationality in agents perceive

that the state vector (X;) evolves as follows:

Xip1=mf(Xe, e41), (1)

where ¢; denotes the vector of economic disturbances and m represents the degree of cogni-
tive discounting, namely, the agents’ myopia parameter on the state of the economy, for some
equilibrium transition function f(-) and exogenous innovation with mean zero. Unlike Gabaix
(2020), note that we simply apply cognitive discounting to all variables.® As noted earlier,
following Gabaix (2020), this parameter value ranges from 0 to 1. As we will discuss, the case
for m = 1 corresponds to the standard NK model with full information rational expectations
(Woodford, 2003). Conversely, the case of m € (0,1) indicates the model under the assump-

tion of bounded rationality. Log linearization (1) leads to the following relationship between

6See Pfauti and Seyrich (2022) for a detailed discussion about this issue.



subjective and objective expectations
EPR Xy = m"E Xy, (2)

where EP represents the subjective behavioral expectations operator, namely, the degree of

cognitive discounting. E; denotes the rational expectations operator.

2.2 Households

Households solve the standard intertemporal utility maximization problem. A representative

household’s intertemporal utility is as follows:

EOBR Z ﬁt |: t _ t :| . (3)
pa l—-v 1+n

where N; denotes the household’s labor hour. The parameters v and 7 denote the Constant
Relative Risk Aversion (CRRA) parameter and the inverse of the elasticity of the labor supply,

respectively. The aggregate consumption C; is defined as follows:

¢, = Uolct(jf?djrl. (4)

¢(j) denotes the demand for goods j and ¢ is the elasticity of substitution for individual goods.

From the cost-minimization problem of households, we obtain the following demand for good

J:

cr(j) = (%?)5 c, (5)

where p;(j) represents the prices for goods j and the aggregate price index P, is given as follows:

Py = [/ pe(d) dj} : (6)
0
The representative household faces the following budget constraints:
PiCi+ Myy1 + Buyr + Do = (L+i0) By + (L+ ) Dy + My + WoN + T + IR + T3, (7)

where B, represents nominal bonds held for one period and M; denotes money stock, and i;
is the nominal interest rate. In addition, Hg and TIY are dividends earned from intermediate
goods firms and financial intermediaries, respectively. W; and T; denote nominal wages and

lump-sum transfers, respectively. D; denotes the deposit service from financial intermediaries



and i¢ is the nominal interest rate on deposits.” The representative households also face the

following cash-in-advance constraint:
P.Cy < My — Dy + Wi Ny + 1. (8)

By solving the household’s problem and using the goods market clearing condition, we

obtain the following IS:
Ty = MEtJZ‘t+1 — U(%t — EﬂTH_l — Ttn), (9)

where M = m and o = 1/, and 7 denotes the real interest rate at the steady state. Eymiy;
is the expected inflation rate defined as E;log(Pi+1/F;), and the output gap is defined as
Ty = Yt — f@” Here, }AQ is the current output and Yt” denotes the natural rate of output, which

is given by the following:

Yn:1+n .
t /_y_’_n )

8

where A; denotes the productivity shock disturbance.® Finally, r is the natural level of the

real interest rate, which is given by the following:
ri =0 T (MEY/[ L, - V).

Contrary to the standard NK model, the cognitive discounting parameter m affects the
DIS curve. This case indicates that the presence of the cognitive discounting factor mitigates
future endogenous variables on the current inflation and output gap. That is, iterating Eq. (9)
forwardly leads to

)
vy =—0E; Y M (iyih — Teppir — Tip): (10)

k=0
As argued by Gabaix (2020), introducing cognitive discounting helps to ease the several puzzles
that emerged in the standard NK model, such as the forward guidance puzzle. The presence of
M in a DIS indicates that it discounts the effect of the future real interest rate on the current

output gap.

"The household’s optimal condition indicates that the nominal interest rate equals the interest rate on de-
posits.

8Productivity shock disturbance is explained in the next subsection.



2.3 Financial intermediaries

Following Chowdhury et al. (2006), we consider the role of financial intermediaries.” Financial
intermediaries provide deposit services to households. If households deposit the amount of Dy
in period ¢, then they will receive the amount of (1 4 i;)D; at the end of the period. In turn,
financial intermediaries receive deposits from households and lend these funds to firms. The
lending rate is given by if. In addition, financial intermediaries incur a monitoring cost, I'(;)
when lending funds to goods producers. We assume that this monitoring cost is differentiable
and satisfies the following properties: I"(i¢) > 0 and T (3;) > 0.

Financial intermediaries face the following profit maximization problem:
I} = (1+if)[1 = T(ig)| Ly — (1 + i) Dy — kLy, (11)

subject to Ly = D;, where L; denotes loans to a firm. The parameter k represents the man-
agement cost, which is constant. The equilibrium for the lending market is Dy = W; N¢, where
N{ denotes the demand for labor.

After calculating the financial intermediaries’ profit maximization problem, the log-linearized

lending rate is given as follows:
it = i, (12)

where v; represents the degree of the cost channel strength.!’ As pointed out by Chowdhury
et al. (2006) and Castelnuovo (2007), when 1); exceeds unity, the cost channel amplifies the

loan rate, thereby increasing the inflation rate through a rise in the real marginal costs.

2.4 Firms

There is a continuum of firms that face monopolistic competition and Calvo (1983)’s nominal
price rigidity. The firms, similar to households, have problems with future cognition. In other
words, they cannot accurately recognize how the macroeconomic state will be realized in the

future.

9Castelnuovo (2007) and Tillmann (2009) considered the similar introduction of financial intermediaries into
the standard NK model. Ida (2023) introduced the idea of Chowdhury et al. (2006) in modeling financial
intermediaries into a two-country NK model.

10See Chowdhury et al. (2006) for a detailed derivation of this equation.



Firm j’s production function is given as follows:

Yi(5) = ANe(5), (13)

where N;(j) denotes the labor supply employed in firm j, and A; denotes an aggregate produc-
tivity disturbance, following an autoregressive (AR)(1) process given by log A; = p, log A1 +€}

with 0 < p, < 1, where €} is an independent and identically distributed (i.i.d.) shock with
2

constant variance o7.

We explain the derivation of real marginal costs. Following Chowdhury et al. (2006) and
Ravenna and Walsh (2006), we assume that the firm must borrow an amount W;N; from
intermediaries at the gross nominal interest rate 1 + iZ. The real marginal cost for all firms is

as follows:

(14 if)w;

i (14)

mcy =

where wy is the real wage. Thus, contrary to the textbook NK model, the real marginal cost
depends on a change in the loan rate in the presence of the cost channel. At this point, we can

obtain the real marginal cost as the expression using the output gap as follows:
mee = (v + n)ag + iy (15)

Following Calvo (1983), we assume that firms face price rigidity in each period. More
precisely, a fraction 1 — 6 of all firms adjusts their price, whereas the remaining fraction of
firms 6 does not. When revising their prices, these firms contemplate uncertainty concerning
when they can adjust prices again. The firm’s optimization problem is given by the following:

o0
EPR Z 0 Qu+1 Yok (1) (P — Pryrmeegr). (16)
k=0
subject to the following demand constraints

Py —£
V= (50 ) ¥ (17)

where Q¢+; is the stochastic discount factor, Y; ), is the output in period ¢ + k expected by
the firm in period ¢, and P; is the optimal price. By log-linearizing the FOC of the firm’s
optimal condition (16) around the steady state, we obtain the following:

Py — Py =(1-BO)EPR Z(ﬁ&)k[ﬁz\cﬁk + Py — P, (18)
=0



After some manipulations and using Eq. (15), we obtain the following new Keynesian Phillips

curve (NKPC) under bounded rationality:
m = MyBEmi1 + 6[(v + n)we + iid], (19)

where 7 = P, — Py and My = m[f + (1 —0)(1—68)/(1 —méB)] and § = (1 —6)(1—63)/6."*
In contrast to Gabaix (2020), the nominal interest rate is augmented in the NKPC owing to
the presence of a cost channel.

Compared with the standard NK model with rational expectations, the NKPC is also
discounted in the BNK model as follows:

m = 0E > (BMp)*[(v + 0wk + Vilesr]. (20)
k=0

Thus, cognitive discounting attenuates the effect of future output gaps on current inflation.'?
Surico (2008) documented that in the absence of a cost channel, the discounted value expression
of the NKPC indicates that monetary tightening can generate a negative response of inflation
by successfully creating a negative response of the discounted value of the expected output gap.
However, the cost channel generates a wedge into this relationship, as it may prevent monetary

contraction from generating a negative response of inflation.'® Thus, cognitive discounting

helps dampen the positive effect of the future nominal interest rate on current inflation.

2.5 Calibration

Before further analysis, we briefly describe the calibrated values mainly used in the study. We
set the deep parameters based on Gabaix (2020), except for several parameter values. The
discount factor g is set to 0.99. We set the degree of nominal price stickiness, namely, the
Calvo parameter, to 0.75 as a benchmark case. Then, we set the CRRA coefficient to 2.0 and
select the value of the Frisch elasticity of labor supply as 1.0. The elasticity of substitution is
set to 7.88.

Next, we briefly explain the value of cognitive discounting parameter m. As noted earlier,

m = 1 corresponds to the standard NK with full information rational expectations.Following

H1See Gabaix (2020) for a detailed derivation of the NKPC under bounded rationality.

12Benchimol and Bounader (2019) focused on which values of M and M} influence the properties of optimal

monetary policy in a BNK model.

131da (2023) also pointed out this mechanism in a two-country NK model.
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Gabaix (2020), we set the degree of cognitive discounting m to 0.85 as a benchmark cali-
bration.!* We consider the range of m from 0 to 1 to explore how the degree of cognitive
discounting impacts the properties of optimal monetary policy rules. Although the calibrated
value of a small value of . may not be empirically supported, such a parameterization is useful
to obtain the intuitive mechanism of our model.

Finally, we provide the calibrated value on the cost channel parameter. Several studies have
reported the degree of a cost channel parameter, ;. For instance, Ravenna and Walsh (2006)
reported that the value of the parameter 1; is 1.276. Chowdhury et al. (2006) estimated a
value of v; of 1.32 for the United States. Patel (2021) estimated the cost channel parameter in
a two-country NK model using a Bayesian technique and reported that the estimated values of
the cost channel parameter ranged from 1.8 to 2.3.1® This study therefore uses an empirically

plausible value of ; € [0,1.8] to account for the severity of the cost channel.!®

3 Role of a cost channel in the BNK model

This section provides the role of a cost channel in the NK model in which bounded rationality
in agents is present. In this section, we assume that the central bank adopts a simple rule when
conducting monetary policy. In Section 3.1, we analytically examine the effect of a cost channel
on the determinacy condition under bounded rationality. In this exercise, we adopt current-
looking and forward-looking Taylor rules to derive the determinacy condition. In Section 3.2,
we explore how the degree of cost channel strength changes the dynamic properties to calculate
the impulse response function. In Section 3.3, we investigate whether the assumption of the

cost channel hypothesis creates the price puzzle phenomenon in our model.

1See Meggiorini and Milani (2021) for a detailed discussion about the empirical studies on the degree of
cognitive discounting. Moreover, Hirose et al. (2023) estimated the degree of cognitive discounting in the NK
model with zero lower bounds on nominal interest rates.

15Patel (2021) regarded the cost channel parameter as the trade finance parameter. Strictly speaking, the
trade finance parameter assumes the pass-through of the loan rate between two countries. See Patel (2021) for
a detailed description of the trade finance parameter.

16The degree of the cost channel 1; becomes below unity if the pass-through from the interest rate to the
loan rate takes a negative value. We do not focus on this case because the main results of our study remain

unaffected by such a parameterization.
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3.1 Determinacy properties

First, we explore the determinacy analysis in our model. Bullard and Mitra (2002) showed that
the Taylor principle is necessary to attain the unique REE in the standard NK model. How-
ever, Llosa and Tuesta (2008) found that introducing the cost channel makes the determinacy
condition highly complicated in the NK model.!” Conversely, Gabaix (2020) demonstrated
that an increased degree of cognitive discounting is likely to attain unique REE, contrary to
the rational expectations model. However, how the interaction effect of cognitive discounting
and the cost channel affects the determinacy properties remains unclear. Hence, we employ two
simple monetary policy rules, namely, the current-looking and forward-looking policy rules, to

answer this question.

3.1.1 Current-looking Taylor rule

First, as a benchmark case, we consider that the central bank responds to the current inflation
rate and the current output gap (Taylor, 1993). More specifically, we adopt the following

monetary policy rule:
it = GrTt + P21, (21)

where ¢, and ¢, are the degree of responsiveness of the policy interest rate to inflation and
output gap, respectively. Our main question in this section is how the departure from the
rational expectations model affects the equilibrium determinacy in the presence of the cost
channel. More precisely, we examine the interaction effect of cognitive discounting and the cost
channel on the uniqueness of REE. Particularly, as shown in Gabaix (2020), a small value of the
inflation stabilization coefficient achieves unique REE. In what follows, we examine whether
the findings of Gabaix (2020) are significantly affected by introducing the cost channel.

Using Egs. (9), (19), and (21), we obtain the following dynamic system for z; = [my, ;]
and r}":

Zt = QEtZt—i-l + ‘1’7‘?, (22)

17Surico (2008) examined the effect of the cost channel on the equilibrium determinacy by using a monetary

policy rule with interest rate smoothing.
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where coefficient matrices are

o [0+ 6IMB 810+ )+ 0i62l3 o0l + 1) + il o
T T o(l—Siom)M |
where w = (0 + ¢y — 061 pr + (0 +1)¢pr) L. The determinacy conditions of the current Taylor

type are summarized as follows:'®

Proposition 1 Under a simple Taylor type in which the central bank reacts to current price
inflation and the current output gap the mecessary and sufficient conditions for determinacy

are

(1 —=M)(1—MsB— 0vy)
Slo(y+mn) — (1 — M)y

o(1+ MyB + 6vi)pw +0[o(y +n) — (1 + M)¢ilor + (1 4+ M)(1 + My f)

Gr + WOy + > 1, (24)

+o(y+mn)d >0, (25)
where @ = o(1 — Myf — 843) /8oy +n) — (1 — M)y

Proof. See Appendix A. =

These conditions are generalized versions of Gabaix (2020) and Llosa and Tuesta (2009). Llosa
and Tuesta (2009) showed the determinacy condition under the cost channel in the NK model
with rational expectations. The condition (24) states the generalized Taylor principle, which
contains the third term of the left-hand side in contrast to their study. Intuitively, in the
long run, the condition (24) indicates that each percentage point of permanently high inflation
reflects a permanent reduction in the output gap of w percentage point. When dw/0vy; < 0
holds, a rise in the output gap is less responsive to an increase in the inflation rate in the
presence of a severe cost channel. This term makes the REE less determinate in the case of a
weak response of ¢, and ¢,. In our model, that term is affected by the presence of the cost
channel. The condition (25) is also a generalized version of Llosa and Tuesta (2009) in a model
with cognitive discounting. Notably, the condition (25) is trivially satisfied in the case of no

cost channel.l?

18Gee LaSalle (1986) and Woodford (2003) for a detailed explanation of the determinacy condition in a discrete-

time macroeconomic model.

19Gee Bullard and Mitra (2002) for a detailed discussion of this point.
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Remarkably, unlike Llosa and Tuesta (2009), we address the role of the output gap response
¢, in accounting for the determinacy condition in our model. If we consider the value of m,
which is slightly smaller than unity, then the value of the third term of the left-hand side is
less than unity. In this case, for a given the value of ¢, and ¢,, a large value of the cost
channel parameter may violate the condition (24). When the value of m is slightly smaller
than unity, we can easily confirm dw/0vy; < 0. Therefore, for small coefficients of ¢, and
¢z, the determinacy condition (24) does not guarantee the unique REE when the cost channel
parameter takes a large value. Put differently, when the severe cost channel exists, for a small
value of ¢, the central bank adopts a high weight on the output gap coefficient to attain the
unique REE.

Llosa and Tuesta (2009) showed that for a high value of the cost channel parameter, the
determinacy condition requires a high ¢, in the case of m = M = 1. However, as noted by
Gabaix (2020), the presence of bounded rationality in agents enlarges the determinacy regions.
We underline that when a small cognitive discounting is introduced into the model, the cost
channel effect partially deprives this enlarging effect of the determinacy region associated with
the presence of cognitive discounting. This effect is captured by (1 — M)1); in the coefficient .
Therefore, our finding indicates that if the central bank employs a weak inflation stabilization
coefficient, it must put a heavy weight on the output gap stabilization in the presence of the
cost channel. From another aspect, a high value of ¢, is likely to achieve the unique REE,
even for a smaller value of ¢,. This channel is in contrast to the result obtained by Llosa and
Tuesta (2009).

If the central bank ignores fluctuations in inflation and the output gap, namely, ¢, = ¢, = 0,

then we have a unique REE if and only if the following conditions hold:
(I1=M)(1—=M;B) > do(y+n). (26)

This equation is similar to that derived by Gabaix (2020), and thus, we show that the condi-
tion is unaffected by the presence of the cost channel. Intuitively, although the cost channel
influences the private sector’s expectations, it is attenuated by a small value of the cognitive
discounting parameter. Thus, the cost channel does not matter when the cognitive discounting
parameter takes a predominately small value. Previous studies do not also underline this result.

Finally, we numerically confirm the above results. Figure 1 depicts how the cost channel

affects the determinacy region under several parameterizations of the degree of cognitive dis-
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counting. In the case of the rational expectations assumption, as shown by Llosa and Tuesta
(2009), including the cost channel in the model requires an aggressive inflation reaction coeffi-
cient to attain the unique REE, considering the output gap response. However, when a bench-
mark model slightly departs from the assumption of the rational expectations (i.e., m = 0.85),
a small value of ¢, makes the REE determinate for the large value of ¢,. We address that
this result applies to the case where bounded rationality in agents is allowed in the model. If
the private sector’s expectations are highly discounted (for instance, m = 0.25 as an extreme

case), the determinacy region remains unaffected by the presence of the cost channel.

[Figure 1 around here]

3.1.2 Forward-looking Taylor rule

Next, we consider the case where the central bank responds to the expected inflation rate and
the expected output gap. Contrary to the current-looking policy rule, as noted by Bullard
and Mitra (2002) and Llosa and Tuesta (2009), the adoption of the forward-looking monetary
policy rule significantly affects determinacy properties. This section aims to explore how the
presence of the cost channel changes the determinacy condition in the BNK model in which
the central bank employs the forward-looking monetary policy rule. Hence, we consider the

following monetary policy rule:

. BR BR
it = OBy T + O B g,

= ¢r Byt + ¢ B, (27)

where ¢/, = m¢, and ¢, = m¢, are the degrees of responsiveness of the policy interest rate
to inflation and the output gap, respectively. Unlike Bullard and Mitra (2002) and Llosa and
Tuesta (2009), our forward-looking rule does not rely on the assumption of rational expectations
but on the expectations under bounded rationality. Therefore, given the values of ¢, and ¢,,
a high degree of cognitive discounting makes the response of the nominal interest rate less
responsive to fluctuations in inflation and the output gap. This monetary policy rule can also
be interpreted as nesting the forward-looking one and the interest rate peg. On the one hand,
for the extreme case, that is, m = 0, our forward-looking policy rule corresponds to the interest

rate peg because of ¢/, = 0 and ¢/, = 0. On the other hand, if we adopt the assumption of

15



rational expectations, namely, m = 1, the rule (27) corresponds to the forward-looking one with

rational expectations considered by Bullard and Mitra (2002) and Llosa and Tuesta (2009).
As in the current looking case, using (27), (9) and (19), we can obtain the dynamic system

for the endogenous vector z; = (m, 2¢)’. The coefficient matrices of the reduced system 2 are

defined by as follows:

L |oMyB —6(0 +m)(dr — 1) + ddros 6(o +n)(oM — @) + o6,
-l +1 oM — ¢

Q=0" (28)

The determinacy properties of the forward-looking expectations in the Taylor rule are summa-

rized as follows:

Proposition 2 Under interest rate rules with forward expectations, the necessary and suffi-

cient conditions for determinacy are given as follows:

o(1— MgB — 6v) (1= M)(1— MsB—6¢y)

R P s B V) YO8 K o py e vy v i (29)
o (MpB + 83, — SiMl, < 1+ MM;B, (30)
—a(MB + 6y) ¢l + i M@l < 1 — MM;B, (31)
o(1+ MyB + dvi) ¢, + dlo(y +n) — (1 + M)y]ér

< (T4 M)(1+ MyB) + a(y +n)é. (32)

Proof. See Appendix A. m

The case for m = 1 corresponds to the determinacy conditions obtained by Llosa and Tuesta
(2009). Their determinacy conditions are modified when cognitive discounting and cost chan-
nels interact. First, the condition (29) represents the generalized Taylor principle, which holds
even in the case of a current-looking rule. Second, the conditions (30) and (31) imply the
upper bound on the coefficient for inflation and the output gap, respectively. Third, the in-
equality (32) requires that an upper bound restricts the total response to inflation and the
output gap. Furthermore, our result reveals that even in the case of a severe cost channel, a
small value of the cognitive discounting parameter can easily satisfy conditions (30) and (31).
As mentioned earlier, a large value of the cost channel parameter delivers the amplifying effect
of the expectations channel, whereas a small value of m captures its dampening effect. Our

result indicates that the central bank can easily attain the unique REE when the latter effect

16



dominates the former one. In an extreme case of ¢, = ¢, = 0, the condition required to attain
the unique REE corresponds to Eq. (26). Put differently, this study shows that despite the
current-looking or forward-looking policy rule specification, if all agents form their expectations
bounded rationally, the satisfaction of the condition (26) suffices to achieve the unique REE
under an interest rate peg. This result is not addressed by Gabaix (2020) and Llosa and Tuesta
(2009).

Figure 2 illustrates the determinacy region under a forward-looking monetary policy rule.
In the case of m = 1, Llosa and Tuesta (2009) found that introducing a cost channel narrows the
determinacy region compared with the standard NK model. Thus, unlike the model without
the cost channel, a strong reaction to inflation is necessary to retain the unique REE with
a small response to the output gap. Next, in the case of bounded rationality for slightly
discounted expectations (m = 0.85), the presence of bounded rationality in agents expands
the determinacy region in a model with and without the cost channel. Thus, the central bank
can achieve the unique REE even when ¢, < 1, with a small output gap response. As shown
in Figure 2, determinacy regions are narrower in the NK model with the cost channel than
without. Furthermore, this figure depicts that a high degree of cognitive discounting leads to a
further expansion of the determinacy region despite introducing the cost channel. Accordingly,
our result indicates that for a small value of m, the determinacy region remains unaffected by

the cost channel.

[Figure 2 around here]

3.2 Model dynamics

In this section, we examine the dynamic properties of our model. This section focuses on the
impulse response of inflation to contractionary monetary policy shocks to address the role of
the cost channel in the BNK model. More precisely, we analytically calculate the equilibrium
response of the inflation rate to monetary policy shocks. In this section, we consider the
current-looking monetary policy rule with exogenous monetary policy shocks, which follows an

AR(1) process. Concretely, we adopt the following monetary policy rule specification:
it = QT + QT + Vi, (33)
where v; = pvy_1 + € and & is i.i.d. shock (0,02).
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We employ the undetermined coefficient method to derive the equilibrium response to mone-
tary policy shocks. More precisely, we follow the solution method that McCallum (1983) offered
as the minimum state variable (MSV) solution to obtain the analytical solution in the model.
More concretely, we obtain the following reduced form for the inflation rate:

_{ d[(y +n)o — (1 — pM)] }yt

(1= pM + 0¢2)[(1 = BpMy) — 0¢pica] + o0[(y + 1) + Yica] (b — p) |

= —Uy,. (34)

Ty =

Unlike Castelnuovo (2007), our solution allows for a persistent monetary policy shock. The
solution with p = 0 corresponds to that derived by Castelnuovo (2007). We emphasize the
role of monetary policy shock persistence in preventing the price puzzle phenomenon and the
assumption of bounded rationality. Unlike the standard NK model with rational expectations,
this MSV solution is affected by the degree of the cognitive discounting parameter through
the DIS curve and the NKPC. Under a plausible calibration, the denominator never becomes
a positive value. However, a high value of the cost channel parameter may lead to a positive
value of the numerator. Thus, a monetary tightening shock increases the inflation rate because
the cost channel dominates the demand channel (Castelnuovo, 2007; Chowdhury et al., 2006;
Ida, 2014). The next subsection discusses how the price puzzle emerges in our model.

In what follows, we numerically explore how the presence of cognitive discounting affects
the dynamic response of inflation rates to monetary tightening in the NK model with a cost
channel. Figure 3 shows the impulse response of inflation rates to a contractionary monetary
policy shock. Figure 3(i) plots the case without the cost channel because it helps to understand
how the presence of cognitive discounting impacts the dynamic response of inflation. This
figure shows that introducing bounded rationality in agents renders the response of inflation to
monetary contraction highly attenuated. As noted earlier, intuitively, given that the presence of
bounded rationality in agents weakens the central bank’s ability to manipulate the expectations

of the private sector, equilibrium inflation is less responsive to monetary contraction.
[Figure 3 around here]

Figure 3(ii) illustrates the inflation response of rising nominal interest rates under a bench-
mark cost channel model. Unlike models without the cost channel, introducing a cost channel

further attenuates the response of inflation to monetary contraction. This figure also shows
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the widening gap between rational expectations and bounded rationality. As noted earlier,
the reason is that an increased degree of cognitive discounting weakens the demand channel of
monetary policy relative to the cost channel. However, even in this case, a rise in nominal in-
terest rates yields a negative inflation response because the demand channel still dominates the
cost channel. Finally, as shown in Figure 3 (iii), we consider the case where a strong cost chan-
nel parameter is introduced. The strong cost channel leads to a further dampening effect on
monetary contraction. Moreover, a significant difference exists between rational expectations
and bounded rationality models.

Intuitively, the presence of bounded rationality in agents affects the shape of the DIS curve
and NKPC. As shown in Eq.(10), the effect of the future real interest rate on the current output
gap is counteracted by a high degree of cognitive discounting. Thus, the presence of bounded
rationality in agents weakens the demand channel of monetary policy. In addition, from Eq.(20),
the effect of future interest rates on current inflation is attenuated by cognitive discounting.
Therefore, when the degree of cognitive discounting is high, whether the central bank can
induce a negative response of inflation to monetary tightening depends on the dominance of
the demand channel over the cost channel in the initial period.

We calculate the impact response of the inflation rate to monetary contraction under several
parameterizations of m and ; to grasp further insights into the interaction effect between
cognitive discounting and cost channels. Figure 4 depicts the impact response of the inflation
rate to contractionary monetary policy shock. Figure 4 also shows how the degree of cognitive
discounting leads to the impact of an increase in the nominal interest rate on the initial response
of inflation, given a cost channel parameter. Even with a high value of 1);, monetary contraction
causes a decline in the inflation rate. A small value of the cognitive discounting parameter
mitigates the impact of monetary tightening on inflation. The price puzzle occurs when ;
takes a high value and a high degree of cognitive discounting. Given that empirical studies do
not support such a cost channel parameter, we note that the presence of bounded rationality
in agents helps to prevent the occurrence of the price puzzle even if we incorporate the cost

channel into the model.
[Figure 4 around here]

The presence of cognitive discounting makes the expectations channel of monetary policy

less effective. This case indicates that the central bank has difficulty fully manipulating the
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expectations of the private sector through demand and supply channels of monetary policy.
However, even if we allow for the role of bounded rationality in agents, the model still captures
the impact response of inflation to an increase in the nominal interest rate through a rise
in the real marginal costs. As long as the demand channel dominates the cost channel, a
contractionary monetary policy shock decreases the inflation rate even if cognitive discounting
weakens the demand channel through the expectations channel of the private sector. However,
monetary contraction yields a positive response to the inflation rate if the cognitive discounting
parameter m magnifies the cost channel relative to the demand channel. This counterintuitive

response of inflation to monetary contraction is referred to as the price puzzle (Sims, 1992).

3.3 Price puzzle phenomenon

In this subsection, we examine the interaction effect of cognitive discounting and cost channels
to understand the price puzzle phenomenon. Many empirical studies have argued that a con-
tractionary monetary policy shock results in a rise in inflation when the VAR model is used
to assess monetary policy transmission. Several studies have focused on whether introducing
the cost channel helps to account for price puzzle phenomenon (Castelnuovo, 2007; Chowdhury
et al., 2006; Rabanal, 2007; Tillmann, 2008).2° This section aims to theoretically reconsider
the problem of the price puzzle in a BNK model.?!

In the following discussion, without loss of generality, we assume that ¢, = 0.2 First, we

demonstrate how the cost channel parameter contributes to the occurrence of the price puzzle.

Proposition 3 The price puzzle occurs if the cost channel parameter exceeds the following

threshold:

«_o(v+m)
Y = T M (35)

20Some studies have found that misspecification in the VAR model leads to the price puzzle (Hanson, 2004;
Florio, 2018; Sims, 1992).

2'We consider the effect of a monetary tightening shock on the inflation rate in the short run. Several studies
have explored the increase in the transitory and persistent interest rate on the inflation rate to assess the neo-
Fisherian effect in the NK model (Garin et al., 2018; Uribe, 2022). Considering that the occurrence of the
neo-Fisherian effect in our model is beyond the scope of the study, we do not discuss this issue.

22The same discussion is applicable when we allow for the case of ¢, > 0.
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Proof. The price puzzle requires the condition dm;/dv; > 0. Considering that the denominator
in Eq.(34) never becomes a negative value, the above condition holds if the denominator takes
a negative value. Thus, ¢;(1 — pM) > (v + n)o. Moreover, the threshold that the response of
inflation to monetary tightening becomes a positive value is given by ¢} = o(v+n)/(1 — pM).

The price puzzle emerges when ); exceeds this threshold. m

This proposition states that the threshold of the cost channel parameter depends on the value
of the CRRA coefficient, the inverse elasticity of labor supply, monetary policy shock persis-
tence, and the degree of cognitive discounting. Castelnuovo (2007) pointed out the first two
parameters, but he derived the threshold of the cost channel parameter in the case of no mone-
tary policy shock persistence. Unlike his study, we underline the role of monetary policy shock
persistence. A large value of p can prevent the price puzzle phenomenon because it requires a
large threshold value of ;. Intuitively, a large value of p strengthens the demand channel of
monetary policy. Conversely, given the degree of the parameter p, a high degree of cognitive
discounting reduces the threshold of ;. The reason is that a small value of m makes the central
bank’s ability to manage the expectations of the private sector highly mitigated. This result is
in contrast to existing literature.

Next, we examine how this threshold is affected by the deep parameters. In this regard, we

focus on the effect of a change in the parameters, p, m, and v. We obtain the following results:

Proposition 4 The threshold of v; is characterized by the following properties:

oV} C oy oy
8p>0’ B > 87<0.

0;

Proof. We easily confirm the above conditions by differentiating the threshold of ; with

respect to the parameters, p, m, and -, respectively. m

The first condition indicates that a high degree of monetary policy shock persistence prevents
the occurrence of the price puzzle by bolstering the demand channel of monetary policy. Thus,
the high value of p needs a high value of ¥; to induce the positive response of inflation to mone-

tary tightening.?®> The second condition implies that a high degree of cognitive discounting—a

231da (2024a) also noted out this point in a two-agent NK (TANK) model to explain the occurrence of the

price puzzle.
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small value of m—Ilowers the threshold of 1;, which easily produces the price puzzle by low-
ering the central bank’s ability to manage the expectations of the private sector. As argued
by Chowdhury et al. (2006) and Castelnuovo (2007), the third condition indicates that a high
value of the CRRA coefficient can easily create the price puzzle phenomenon to attenuate the
demand channel of monetary policy in the DIS curve.

In what follows, we focus on the effect of p and v on the cost channel parameter thresholds
in accounting for the price puzzle in a BNK model. Figure 5 depicts how a change in the degree
of monetary policy shock persistence affects the threshold of ;. A high degree of monetary
policy shock persistence significantly increases the threshold value of ¢; when m = 1, namely,
the case for rational expectations. As mentioned repeatedly, a high value of p indicates that
the reinforced demand channel of monetary policy avoids the occurrence of the price puzzle.
The cost channel parameter that exceeds roughly 15 generates the price puzzle in the case of
p = 0.9. Of course, such a parameterization is not empirically supported by previous studies.
Conversely, increased cognitive discounting decreases the threshold value of ;. This result
indicates that even with a high degree of monetary policy shock persistence, a low value of
a cognitive discounting parameter may induce the price puzzle. For instance, in the case of
p = 0.9, the cost channel parameter below 2.0 results in the price puzzle when the private

sector’s expectations are predominately discounted, namely, a small value of m.
[Figure 5 around here]

Finally, we examine whether the degree of a CRRA coefficient affects the price puzzle
phenomenon in our model. Castelnuovo (2007) pointed out that given the value of the inverse
elasticity of labor supply 7, a large value of a CRRA coefficient is likely to produce the price
puzzle because it dampens the demand channel of monetary policy through a change in the
real interest rate. However, whether a large value of a CRRA coeflicient causes the positive
response of inflation to the monetary contraction in a BNK model is unclear. Gali et al. (2007)
argued that the estimated value of a CRRA parameter ranges from 1.0 to 10.0. Therefore, we
also adopt their parameter ranges to assess the effect of a CRRA coefficient on the threshold
of 1; by considering the degree of cognitive discounting.

Figure 6 reports how a change in a CRRA coefficient impacts the threshold of ;. Consid-
ering the case of the rational expectations model, namely, m = 1, a large value of v decreases

the threshold of ;. This result is consistent with that shown by Castelnuovo (2007). However,
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as shown in this figure, the empirically plausible value of v; that is generally less than 1.5 does
not lead to the price puzzle phenomenon. As the cognitive discounting parameter takes a small
value, a large value of a CRRA coefficient creates the threshold value of v; that is less than
1.5. The value of 1;, which is less than 1.5, may be supported by previous studies (Casteln-
uovo, 2007). For instance, although the parameter v is set to 6, which is roughly calibrated by
Woodford (2003), such a parameterization causes the price puzzle when the expectations of the
private sector are extremely discounted. When the cost channel parameter takes more than
1.5 in the case of v = 6.0 and m = 0.5, such a parameter value exceeds the threshold, resulting
in the occurrence of the price puzzle. When we consider the large value of 7, the small value

of 1; is likely to yield the price puzzle for a small value of m.
[Figure 6 around here]

In sum, the cost channel plays a significant role in the BNK model regarding equilibrium
determinacy and model dynamics. Although a high degree of cognitive discounting is likely
to generate the price puzzle, its occurrence still requires a high value of the cost channel
parameter, which empirical studies may not support. Thus, this study demonstrated that even
if we permit the presence of bounded rationality in agents, an empirically plausible cost channel
parameter does not always cause the price puzzle phenomenon. Therefore, the result of this
study indicates that the departure from the rational expectations model presents one solution

for the price puzzle problem when the cost channel matters.

4 Cost channel and optimal monetary policy in the BNK model

In the previous section, we considered that the central bank conducts its monetary policy by
following the simple instrument rule. This section explores the effect of a cost channel on
optimal monetary policy in the BNK model. Section 4.1 briefly discusses the loss function of
the central bank in our model. Section 4.2 examines how the cost channel affects the properties
of optimal monetary policy in the BNK model, compared with the case for the assumption of

rational expectations.
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4.1 Central bank’s loss function

In this section, we examine the properties of optimal monetary policy in the BNK model with
a cost channel. Following Ravenna and Walsh (2006) and Gabaix (2020), we adopt the loss
function of the central bank, which contains the traditional stabilization terms of inflation and
the output gap.?* More concretely, the loss function is given by the following:
oo
Ly = E Z Bk{ﬂ-?—kk + )‘l"t2+k}, (36)
k=0
where A denotes the output gap stabilization relative to inflation stabilization, which is defined

as follows:

y o oo +m

£
More precisely, the term for inflation stabilization stems from the presence of staggered nominal
prices. Gabaix (2020) derived the loss function of the central bank in the BNK model and
showed that the traditional objectives with stabilization terms for inflation and the output gap
still hold in the case where bounded rationality in agents is allowed. In addition, Ravenna
and Walsh (2006) derived the loss function of the central bank in the case of a cost channel
and demonstrated that the loss function consists of the standard policy objectives even in the
case of a cost channel. In sum, except for the presence of cognitive discounting, we can use the
standard loss function, which corresponds to the second-order approximation of the household’s

utility function in a model with a cost channel.

4.2 Properties of optimal monetary policy

We evaluate the policy performance of commitment and discretionary policies using the im-
pulse response analysis. According to the standard NK model, a commitment policy generally
outperforms a discretionary policy (Woodford, 2003). The reason is that central banks can
commit to future monetary policy stances in the current period under a commitment policy.
In contrast to discretionary policies, policy inertia allows central banks to influence private

sector expectations because central banks that commit to an optimal policy can appropriately

24 These studies delivered the central bank’s loss function by calculating the second-order approximation of
the household’s utility function and showed that the loss function includes the stabilization terms for inflation

and the output gap.
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introduce policy inertia into the economy. Ravenna and Walsh (2006) also considered the role
of a cost channel in accounting for the properties of optimal monetary policy. In this study, we
focus on whether the presence of a cost channel affects the performance of optimal monetary
policy in a BNK model.

We consider the role of the demand and supply shock when examining the impact of a cost
channel on optimal monetary policy in the BNK model. In the absence of the cost channel,
Gabaix (2020) showed that the central bank can exclude the constraint regarding the DIS
curve from its optimization problem.?®> However, the central bank’s constraints consist of DIS
and NKPC curves in the case of a cost channel. In what follows, we numerically examine the
properties of optimal monetary policy in our model. Appendix B presents some analytical
expressions of the properties of optimal monetary policy in our model.

Figures 7 and 8 show the impulse response of inflation and the output gap to a positive
demand shock for the cases of commitment and discretion. The central bank can fully stabilize
the inflation rate if the cost channel does not exist. Moreover, the output gap in that the central
bank can simultaneously achieve zero inflation and zero output gap (Woodford, 2003). However,
in the presence of the cost channel, the central bank faces the trade-off between inflation and
the output gap. An increase in the inflation rate accompanies a decline in the output gap to
meet the optimal targeting criteria for both the cases of commitment and discretion. Thus, the
demand shock increases the inflation rate but leads to a decline in the output gap. When the
cognitive discounting parameter is close to unity, the central bank can ease this policy trade-off
by manipulating the expectations of the private sector: see the bottom panels of Figures 7
and 8. However, as the degree of cognitive discounting increases—a small value of m—the
central bank no longer introduces policy inertia into the economy. In particular, for m = 0.25,
the impulse response of the inflation rate under commitment is almost identical to that under

discretion. Conversely, the output gap response seems to be characterized by inertial behavior.
[Figure 7 around here]
[Figure 8 around here]

Figures 9 and 10 depict the impulse response of inflation and the output gap to a price

mark-up shock for the cases of commitment and discretion. A price mark-up shock causes a

25See Walsh (2017) for a detailed discussion about this issue.
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policy trade-off between inflation and the output gap (Woodford, 2003). First, considering the
case of m = 1, as shown in both figures, the responses of inflation and the output gap to a cost-
push shock are almost unaffected by introducing the cost channel. In addition, the commitment
solution can impart policy inertia into the economy. Thus, as argued by Woodford (2003), the
commitment policy can alleviate the policy trade-off associated with a price mark-up shock by
correctly managing the expectations of the private sector. However, Figures 9 and 10 show
that a high degree of cognitive discounting, namely, a small value of m, renders the optimal
response of inflation and the output gap less responsive to a cost-push shock. When m = 0.25,
the response of inflation under commitment is the same as that under discretion despite the

presence of the cost channel.
[Figure 9 around here]

[Figure 10 around here]

5 Concluding remarks

Considerable studies have argued how monetary policy transmission works. The traditional
transmission mechanism of monetary policy indicates that monetary contraction induces a
decline in inflation and the output gap. However, an additional channel, namely the cost
channel, is empirically and theoretically addressed regarding the supply-side effect of monetary
policy. If we permit this channel, an increase in the nominal interest rate yields a different
consequence in contrast to the traditional monetary policy transmission. In addition, notably,
the effectiveness of monetary policy relies on how the central bank successfully manipulates
the expectations of the private sector. The expectations channel of monetary policy plays a
significant role in the NK model. However, the policy prescription of the standard NK model,
which relies on the assumption of rational expectations, may provide a paradoxical policy
prescription. We explore how the departure from rational expectations significantly magnifies
or attenuates the cost channel.

We examined the impact of a cost channel on monetary policy transmission in the BNK
model to answer this question. First, we analytically derived the determinacy condition in
the BNK model with a cost channel. We found that, unlike previous studies, the degree of

cognitive discounting significantly affects the determinacy condition. Second, we demonstrated
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the price puzzle phenomenon in our model. We found that the price puzzle occurs only when
a large value of the cost channel parameter, which is not empirically supported, is introduced
with a high degree of cognitive discounting. Third, we documented that the degree of cognitive

discounting significantly impacts the effect of a cost channel on optimal monetary policy.

A Appendix A: Proof of proposition

A.1 Proof of Proposition 1

The characteristic polynomial of Q is P(u) = p? 4+ Ay + Ag, where
Ao = WUMMfﬁ,
Ay = _W[Mfﬁ(a + ¢2)0(y + 1) + 0idy + o(1 — dvir)].

The determinacy condition requires that both eigenvalues of €2 must be inside the unit circle.

The necessary and sufficient conditions for determinacy are given as follows:
|Ap| < 1, (A.1)
|A1| < 1+ Aop. (A.2)

For the case of the contemporaneous rule, condition (A.1 ) holds automatically from the range

of each parameter, whereas condition (A.2 ) indicates (24) and (25).

A.2 Proof of Proposition 2

In the case of the current-looking Taylor rule, the characteristic polynomial of 2 is P(u) =

p? + A+ Ag where
Ao = o [BMf(aM — ¢) + 6pi(Mogr, — ¢')],
Av =07l + 0(y +0)(¢f = 1) — o (MyB + M) — dthio ¢l ].

As in the previous case, the determinacy condition requires that eigenvalues of €2 must be inside

the unit circle. The determinacy properties are characterized as follows:
[ Ao| <1, (A.3)
|A1] < 1+ Ao. (A.4)
For the case of the current-looking Taylor rule, condition (A.3 ) indicates (30) and (31), whereas

condition (A.4 ) indicates (29) and (32).
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B Appendix B: Derivation of optimal monetary policy

In this section, we briefly provide the central bank’s optimization problem. The central bank
minimizes a policy objective function, considering the Lagrange multipliers associated with DIS

and NKPC. In this Appendix, we focus on the case for a cost-push shock.

B.1 Commitment

Specifically, the Lagrangian of the central bank’s problem under commitment is as follows:

00
A = E() Zﬁt{ﬂ’? + )\JJ? - 2¢1¢[M.7}t+1 — U(it — EtTrt+1 — T?) — xt]
t=0

— 2094 (M¢Bmep1 + (v + n)ay + 0tiiy — Wt)}-

The first order conditions with respect to 7, x¢, and i; are given as follows:

T — 0B 1 p—1+ dop — Myday 1 =0,
Aoy + @1y — MB o141 — 0(y +1)das =0,
op1t — 0y = 0,

where ¢1; and ¢2; denote the Lagrange multipliers associated with DIS and NKPC, respec-

tively. Using these conditions, we obtain the following first-order difference equation system:

por = (My+ B 100%;)bop—1 — T,
zi = A6(y+n) — 0 i8]y + AB T o 5o

After several manipulations, we obtain the following reduced system under a commitment

policy:
yr = QB 1 + Pyp—1 + e,

where u; denotes the term for an exogenous cost-push shock disturbance, y; = [m, ¢2,4), and
,3/\(Mfﬁ + (Swz) Uﬁlﬁ(swiM/ﬁio

—BAXM B+ dp;) —o B8 Mk

0 Jfll‘io&ﬁi + (ﬁfi% + 07252¢§M)(Mf + 57151#2‘)

0 ,BA(Mf + 5_151/}1) — O'_llﬁo(gd)i

Q=1

o =1

and @ = (BA+ Brj + 0% Mo™2) 7, ko = 8[(y + 1) — o™ 4] -
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B.2 Discretion

Under a discretionary policy, we obtain the following targeting rule:

A
Ty = ———T¢,
Ko

where ko = §(y + 1) — S0 L.

After several manipulations, we obtain the reduced form under discretion:
T = woEimy1 + wiug,

where

o — )\(Mf,@ + (wz) — 5&1071]\4/&0
0 A+ K3 )
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Figure 1: Equilibrium determinacy in a BNK with a contemporaneous Taylor rule
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Figure 2: Equilibrium determinacy under a forward-looking Taylor rule
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Figure 3: Impulse response of inflation to a monetary tightening shock
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Figure 4: Impact response of inflation to a monetary tightening shock: The role of cognitive

discounting

005 T I I ! ! ! ! ! !
(

0

-0.05

-0.15

Impact response of inflation

025 — %0
et 203
- = =10
03t p=12
—o—v.=18

_035 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Degree of cognitive discounting (m)

36



Figure 5: Effect of the cost channel parameter on the price puzzle: The role of policy shock

persistence
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Figure 6: Effect of the cost channel parameter on the price puzzle: The role of CRRA coefficient
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Figure 7: Interaction effect of cognitive discounting and cost channel on inflation under optimal

monetary policy: Impulse response function to a demand shock
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Figure 8: Interaction effect of cognitive discounting and cost channel on the output gap under

optimal monetary policy: Impulse response function to a demand shock
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Figure 9: Interaction effect of cognitive discounting and cost channel on inflation under optimal

monetary policy: Impulse response function to a cost-push shock
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Figure 10: Interaction effect of cognitive discounting and cost channel on the output gap under

the optimal monetary policy: Impulse response function to a cost-push shock
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