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Abstract

A standard macroeconomic model based on monopolistic competition (Dixit—Stiglitz)
does not account for the strategic behaviors of oligopolistic firms. In this study, we
construct a tractable Hotelling duopoly model with price stickiness to consider the im-
plications for monetary policy. The key feature is that an increase in a firm’s reset price
increases the optimal price set by the rival firm in the following periods, which, in turn,
influences its own optimal price in the current period. This dynamic strategic comple-
mentarity leads to the following results. (1) The steady-state price level depends on
price stickiness. (2) The real effect of monetary policy under duopolistic competition is
larger than that in a Dixit—Stiglitz model, but the difference is not large. (3) A duopoly
model with heterogeneous transport costs can explain the existence of temporary sales,
which decreases the real effect of monetary policy considerably. These results show the
importance of understanding the competitive environment when considering the effects
of monetary policy.
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1 Introduction

The model of monopolistic competition developed by Dixit and Stiglitz (1977) provides a
simple way to analyze firms’ price-setting behavior, which in turn enables us to study the
effects of monetary policy in tractable macroeconomic models (see also Blanchard and Kiy-
otaki 1987). However, the model does not incorporate the strategic behaviors of oligopolistic
firms. Firms in the Dixit—Stiglitz model do not need to consider how their price will influence
their rival firm’s price and then how a rival firm’s price influences their optimal price. This
setup has a ground if goods produced by firms are perfectly differentiated, consumers have
strong preferences for diversity, and the number of rival firms is sufficiently large. However,
in reality, the degree of differentiation of goods is not necessarily high. An identical product
is sold at different retailers and almost identical products are produced by different manu-
facturers. Although preferences for diversity make demand for products always positive in
the Dixit—Stiglitz model—firms can sell their goods even if the price is extremely high—,
consumers in reality never purchase all the products that exist in the market (e.g., they
never purchase all the automobiles even if their characteristics are different). Firms compete
with a finite number of rival firms, monitoring a limited number of rival firms’ (particularly,
a market leader’s) pricing closely. These observations motivate us to consider the role of
strategic pricing of oligopolistic firms in macroeconomic models.

In this study, we aim to investigate how implications for monetary policy change when we
incorporate strategic pricing behaviors of oligopolistic firms into the model. Specifically, we
construct a macroeconomic model with price stickiness by incorporating duopolistic compe-
tition as described by Hotelling (1929) while maintaining model simplicity. In each product
line, two firms located in geographically separated places exist and consumers are distributed
evenly between the two firms.! The firms optimally determine their prices to maximize their
present-valued profits under Calvo-type price stickiness. Importantly, this duopoly model
entails the feature of Bertrand competition, and thus, firms are price setters. Unlike a
Cournot model, in which firms choose a quantity, this feature allows us to incorporate sticky
prices as in a standard New Keynesian model (e.g., Woodford 2003, and Gali 2015) while
still taking account of strategic pricing behaviors. In this setting, pricing is a strategic com-
plementarity. An increase (a decrease) in a rival firm’s price induces a firm to raise (lower)
its price. To the best of our knowledge, this is the first study to consider a macroeconomic
model characterized by Hotelling’s (1929) duopolistic competition and price stickiness.

The model we propose is simple. Although it may ignore many important features,
model tractability enables us to extend the model in several directions. As an illustration,
we extend the model by allowing heterogeneous transport costs. When some consumers have
greater transport costs for shopping than others and firms cannot observe consumers’ type,

!The Hotelling (1929) part of the model in this paper is based on that presented in Armstrong (2006).
Accordingly, we replicate Armstrong’s (2006) results in the model without sticky prices.



a mixed strategy equilibrium arises. This implies that the higher and lower prices constitute
the regular and sale prices, respectively.

Our main findings are as follows. First, the steady-state price level (i.e., price markup)
under sticky prices is different from that under flexible prices. In the model, the optimal reset
price positively depends on the price set by the rival firm in the previous period. In addition,
one’s own price influences both the price set by the rival firm in the following periods as
well as the firm’s own future profits. This, in turn, influences the optimal reset price in the
current period. Because of this dynamic (intertemporal) strategic complementarity effect,
the steady-state price level increases as price stickiness increases, unless price is extremely
sticky.? By contrast, the steady-state price level is independent of price stickiness in a
standard New Keynesian model. Furthermore, it is shown that the difference of the steady-
state price level under sticky prices and flexible prices depends on consumers’ transport costs
in a non-monotonic manner. There is a finite level of transport costs that maximize the ratio
of the steady-state price level under sticky prices to that under flexible prices.

Second, consumers’ transport costs influence not only demand elasticity but also inflation
dynamics. This finding differs from that based on the standard New Keynesian model with
monopolistic competition, whereby the elasticity of substitution does not influence inflation
dynamics.

Third, the real effect of monetary policy is more pronounced in our model, compared
with a model based on monopolistic competition. Because of the strategic complementarity,
the expectation that the rival firm may not revise its price today under price stickiness
discourages a firm from revising its price aggressively today, which decreases the nominal
effect of monetary policy (i.e., price response) and increases the real effect of monetary policy
(i.e., output response). However, the difference of the impulse responses between duopolistic
and monopolistic competition models is not large. Namely, the output response implied by
the former model is approximately one third larger than that implied by the latter model.

Finally, we find that the real effect of monetary policy decreases considerably under
duopoly if there is a mixed strategy equilibrium (i.e., if sales exist). In the model, we assume
that setting the lower price (i.e., the sale price) is flexible while setting the higher price (i.e.,
the regular price) is sticky. We find that sales exemplify the strategic complementarity rather
than the strategic substitutability. In other words, an increase in the frequency of sales leads
to a higher profit from choosing to hold a sale, instead of selling at a regular price. Because of
the strategic complementarity, the fact that the sale price is flexible induces firms to change
the regular price aggressively when there is a money supply shock. This increases the nominal
effect of monetary policy and decreases the real effect of monetary policy. Quantitatively,
the existence of sales is important. The real effect of monetary policy diminishes to almost
one tenth, compared with the scenario where transport costs are homogeneous and no sales

2See Jun and Vives (2004) and Mongey (2017) for the terminology of static and dynamic (intertemporal)
strategic effect.



exist in equilibrium.

This contribution builds on the extant literature studying relations between strategic
pricing and sticky prices. Fershtman and Kamien (1987) consider a duopolistic competition
model, as we do, under the assumption that prices do not adjust instantaneously to the price
indicated by a demand function. They study how the sticky price assumption changes Nash
equilibrium strategies. Their work is different from this study in that their model is based
on Cournot competition, and thus, firms are not price setters and instead optimize their out-
put. Price changes are governed by an exogenous reduced-form equation. Accordingly, the
author’s research contribution does not directly identify implications for the macroeconomy.
For further research on this topic, see also Maskin and Tirole (1988), Slade (1999), Bhaskar
(2002), Fehr and Tyran (2008), and Chen, Korpeoglu, and Spear (2017). These studies
investigate whether price endogenously becomes sticky in a market where firms compete
strategically.

Among a number of contributions to the development of New Keynesian models, our
study is related to the following three strands of work. The first strand of work stresses
the importance of strategic complementarities and real rigidity (see, e.g., Ball and Romber
1990, Kimball 1995, Woodford 2003, Christiano, Eichenbaum, and Evans 2005, Levin, Lopez-
Salido, and Yun 2007, Angeletos and La’o 2009, Aoki, Ichiue, and Okuda 2019, and L’Huillier
2020). For example, Angeletos and La’o (2009) show that the combination of noisy infor-
mation and strategic complementarities yields lasting effects of nominal shocks on inflation
and real output. L’Huillier (2020) considers a strategic interaction between a monopolisic
firm and uninformed consumers. Our study provides a new insight on the source of strategic
complementarities, from the perspective of an oligopoly.

The second strand of work investigates monetary policy under oligopolistic competition.
The two studies most similar to this one are Faia (2012) and Mongey (2017). The former
constructs a model of oligopolistic competition to investigate optimal monetary policy. The
latter constructs a model of duopolistic competition. Namely, two firms exist in each sector
and they compete strategically by optimally changing prices in the context of a menu cost
model of price adjustment. Mongey (2017) shows that a dynamic strategic complementarity
decreases responses of price adjustment and increases the real effect of monetary policy,
which is consistent with the findings of our study. A difference between these two studies
and the present study is that the oligopolistic competition models applied in the previous
studies maintain the key framework of monopolistic competition. Specifically, Faia (2012)
modifies the Dixit—Stiglitz model so that the number of firms is finite, whereas Mongey (2017)
introduces not only cross- but also within-sector elasticity of substitution to incorporate
duopoly. By contrast, our model is based on Hotelling’s (1929) location model. This leads
to different implications for monetary policy and competition policy.> Nirei and Scheinkman

3However, we do not intend to claim that our duopolistic competition model fits the actual economy
better than models based on monopolistic competition. Which approximates the actual market structure



(2020) construct a comparable model, in which competition among a finite number of firms
generates inflation volatility.

The third strand of work investigates the role of temporary sales in considering the
effects of monetary policy. It is well known that temporary sales are held frequently and
that price stickiness decreases considerably once we include them in the measurement of
price stickiness (see, e.g., Bils and Klenow 2004 for the United States and Sudo, Ueda,
and Watanabe 2014 for Japan). However, the effect of temporary sales is often ignored in
macroeconomic studies, with a small number of exceptions such as Guimaraes and Sheedy
(2011), Sudo et al. (2018), and Kryvtsov and Vincent (forthcoming). The most relevant
study in this strand of work is Guimaraes and Sheedy (2011). These authors construct a New
Keynesian model with heterogeneous elasticity of substitution and show that sales exist in
equilibrium but that the real effect of monetary policy is more or less unchanged. Our result
is markedly different, showing that the real effect of monetary policy decreaes considerably.
This difference arises because sales are a source of strategic complementarity, whereas they
are a strategic substitute in the Guimaraes and Sheedy (2011) model. More fundamentally,
the difference stems from a difference in a competition environment between Guimaraes and
Sheedy (2011) and our study. Similar to Faia (2012) and Mongey (2017), Guimaraes and
Sheedy (2011) maintain the key framework of monopolistic competition, whereas our study
is based on Hotelling (1929).

The remainder of this paper is structured as follows. Section 2 presents a basic model
and discusses its implications. Section 3 extends the basic model to incorporate unobserved

heterogeneity in transport costs. Section 4 concludes.

2 Model

2.1 Setup

Firms In each product line j € [0,1], there exist two firms A and B. They are situated
at each end of the unit interval [0, 1]. To produce one unit of product, firms require one
unit of labor, which costs nominal wage W;. Firm A and B set output prices p* and p?,
respectively. No entry or exit is considered.

Household A head of household maximizes the following preference:

U :]EOZBt [log Cy — (L, + 7Dy)],

t=0

better depends on industries/products/regions.



where L; represents labor supply, and aggregate consumption C; and shopping distance D,
are given by

1
logC’:/ log ¢ dj (1)
0

D= /0 1 d’dj. (2)

Here, ¢/ and @ represent consumption and shopping distance, respectively, for a product
line j € [0,1]. Parameter 8 € (0,1) is the subjective discount factor and parameter 7 is the
transport cost incurred per unit of distance.

The budget constraint is given by

M, + B+ PCy < My + Ry_1 By + W Ly + 11 + T3, (3)

where M, By, P, Ry, I1;, and T} represent money supply, nominal bonds, aggregate price,
nominal interest rate, dividends from firms, and lump-sum transfer, respectively. Further-
more, we assume that nominal spending must be equal to the money supply:*

PtCt == Mt. (4)
The first-order conditions lead to
1 P, 1
— =K —R 5
Cy ! |:BPt+1 t0t+1] (5)
W, = M, = P,C,. (6)

A household is comprised of an infinite number of consumers who are uniformly located
along the interval [0, 1]. A consumer located at = € [0,1] is a distance = from firm A and
1 — z from firm B. Because of the unit elasticity in equation (1), a consumer spends M in
a nominal term to purchase from either firm A or firm B. Thus, ¢ = M/p® if the consumer
buys from firm ¢ = A, B, where p’ represents firm i’s price. The consumer’s net surplus is
written as

u' = loge' — 7d' = logM — logp" — 7d, (7)

where d’ represents the distance the consumer travels to firm i. Although we call 7 the
transport cost throughout the paper, this parameter also represents a consumer’s choosiness,
that is, how much he/she dislikes buying from his/her less preferred firm. When 7 is high,
the consumer is loyal to his/her preferred firm. When 7 is low, the consumer cares about
the prices sold in the two firms, acting as a bargain hunter.

Goods Market Clearing The goods market is cleared as Y;(= L;) = C;.

4One may assume that the monetary authority targets a path for nominal output to ensure P,C; = M.

6



Money Supply Money supply is exogenous and given by
log(Mt/Mt,l) = &t
= PEt—1 + [t, (8)

where pi; is an i.i.d. shock to money supply. Money supply has zero trend growth.

2.2 Steady State without Price Stickiness

Before we introduce price stickiness, we consider the equilibrium in steady state.

Firms’ Pricing Denote the prices of firm A and firm B by p# and p?, respectively. A
consumer will buy from firm A if

logp® + 72 < logp” + 7(1 — ). (9)

Each consumer purchases the amount of M /p? if they purchase from firm A. Since the total
number of consumers who purchase from firm A cannot exceed one or be negative, firm A’s
profit is written as

0 if losr"“logp” > 1 /9
m(p?, pP) =4 (A —w) (L - logpA;long) pMA if —1/2< 710“’/4:10&’3 <1/2 (10)
(pt — W) if logp™—logp” < /9

Appendix A.1 shows that the best response of p# given p? is expressed as follows:

o B p* (pP) if pP < exp [37 + log{W (7 +1)}]
p(p”) = ' (11)
exp(logp? — 1/2-7) if pP > exp [37 + log{W (7 + 1)}],

where p*(p®) satisfies p* + Wlogp?* = W (37 + 1 + logp?) . It can be proved that p*(p”)

increases as p” increases, showing the static strategic complementarity. According to equa-

tion (10), a firm’s profit is non-decreasing as the rival firm sets a higher price. Thus, a

higher price set by the rival firm allows a firm to raise its price and thereby, increase its

profit. Figure 1 shows the best response, where we assume 7 = 0.25 (whereby the reason for

this assumption is explained below) and W = 1. This shows that the best response function
has an upward slope.

The best response intersects with the 45° line once. The profit maximization with sym-

metric p = p4 = p® leads to the following steady-state price:
p=014+7/2)W. (12)

Around the steady state, the slope of the best response price or the degree of static strategic

complementarities equals 1/(2 4+ 7/2). Thus, it is positive and increases as 7 decreases.”

SIf we assume a non-unit elasticity between different product lines (given by o as in the Dixit—Stiglitz
model), the optimal price is expressed as the lower of (1 + 7/2) W and o/(c —1)W. Thus, the optimal price
is unchanged as long as o/(c — 1) > (1 + 7/2).



Welfare In equilibrium, each consumer spends M /p for consumption C' and supplies labor
L for the same amount. Shopping distance D equals 2 fol/ Yrdr = 1 /4. Thus, household
utility U can be expressed as

U = {log(M/p) — (M/p+7/4)} /(1 = P)
= —{log(1+7/2) + (1+7/2)"" +7/4} /(1 - B). (13)

This suggests that utility decreases when 7 increases. An increase in 7 decreases consumption
and increases disutility from going shopping. At the same time, it increases utility because

the labor supply decreases. Overall, the former effect dominates the latter.

Demand Elasticity The demand elasticity near the steady state is shown to be
1+2/7. (14)

When 7 goes to infinity, the demand elasticity converges to one.

2.3 Pricing under Price Stickiness

We assume Calvo-type price stickiness. Both firms A and B can reset their prices with
a probability of 1 — 6 € (0,1). Specifically, we introduce the following assumption. With
the probability of 6, firms survive in the next period but the price is kept fixed. With the
probability of 1 — 6, an old firm exits the market and a new firm enters in its place and
sets its price. Thus, only a new firm can optimize price.®We limit our analysis by assuming
that the Markov perfect equilibrium concept applies. Each firm’s action (i.e., price setting
decision) depends on a state consisting only of the following three variables: its price in the
previous period, the rival firm’s price in the previous period, and a shock to money supply.
We exclude collusive pricing, although the folk theorem suggests that dynamic setting can
generate multiple collusive equilibria.

When firm A has a chance to set its price at ¢, it sets p/* to maximize

> A P, Wi 1 logp? — logpP M, g
e (1 V) (1 bbb e

where A; represents the stochastic discount factor given by C;'. Solving this optimization
problem is more complex than solving a similar problem in a standard New Keynesian model,
because we have to explicitly consider the path of the prices set by the rival firm. Noting

6We assume a finite life span of firms because, in this type of model, firms have to take account of the fact
that their reset price today influences the optimal reset price in the future. Below, we consider the effects of
this only to the extent that a firm’s reset price today influences the rival firm’s reset price in the following
periods.



that p? , equals p2 ,, with the probability of 1 —6, pZ,_; with the probability of (1—6),--- ,
P2 with the probability of #*(1 — @), and p2 | with the probability of %1 for k > 0, we have

maxiekﬂk& [(1 _ Mtik) gr+1 <1 _ logﬁ{‘ - 10%1’?—1)} ) Aer P Mgy
T

pt 2 At Pt+}€ Mt
> ok Bk 1 My, k 1—9 ek,k' 1 10g]524 - 10g§f+k/ Ay Po Mgy 16
+ Z B t - =A Z( - ) 5 - T ’ At Pt & Mt . ( )
k=0 pt k'=0 +

Hereafter, we assume W, = My = 1 in the initial period. The first-order condition for the
optimal p# is given by

1 logp;* — logp?. Aeiw B Mgy,
0= ak kE - M 9k+1 - t t—1 . + +
Z o (PtA) e { 2 T Ay Py M,

k —A =B
1 (1 logp;’ — logpy, k. Ay Py Mgy
Zok kR M S (-0 (- ik \ | Aerk ,
+ B E 24 t+k L/_O 2 - Ae Piin M,

Mt-',-k Apvx Pr Mgy
3 ( ) (=)
kZO ﬂ t Tpt At Pt+k Mt

Ak Py Mgy,
Ay Py M,

) , 01 , /0l
+29kﬁkEt ( ]\?Xk> [Z( 9)9’“ k 0gpt+k / ngt

k=0 t

k’=0 p

Firm A has to take account of how its reset price at t influences the rival firm B’s reset price at
t + k', which is given by 810g]3£rk, /0logp. In log-linearization, let us denote p* = thep?*,
pP = pMeP? as well as Ologpp, . /Ologp; = I'* for any k > 1. The coefficient I'* will be
defined in detail later. It is independent of k because we consider a case in which the price
of firm A is unchanged at p/). In what follows, we show the main results while relegating
detailed derivations to Appendix A.2.

Steady State In the steady state, price equals

1 1—0)(1+6— 02 -1
p=1+ 57 (1 _ )1<——;2ﬁ 5)95F*) . (17)

Unless I'* is zero, the steady state under nominal rigidity is different from that without
nominal rigidity. Firms take account of the effect of their price on the rival firm’s price in the
following periods. Specifically, if ['* is positive, there is a dynamic strategic complementarity.
An increase in firm A’s price increases firm B’s price in the following periods. This effect
increases the steady-state price level. The above equation also shows that the steady-state
price level becomes identical with that in the scenario without nominal rigidity in the limit
of § — 0.



Log-linearization around the Steady State The optimal reset prices are expressed in
the following forms:

pf* = Fﬁffl + F*ﬁgl + 1 (18)
pP =TpP | + Ipt | +T%,, (19)
dlogpy’, . /Ologp;! = Opry /Ol =T, (20)

where I', I'*, and I'® represent coefficients to be determined to satisfy

0= Z 0" B Elog(My ik /M;) (;)

k=0

+ Z 0% BB, (—1) log(My /M) (71_)
k=0

T

S o (2 o)
k=0

T

£3 086, (1) Tog(My /M) (1 — 05 (F)
k=1

> . Pt = pPhy — log(Miyy /M)
i ekﬁkE (1— §)g+* (_pt Ptk
+Ze"5’“ ppi ( 1)
ZG’“B’“ (pp™) (1 —6"1) (i) (21)

Note that, if nominal price is unchanged, the log-linearized price denoted by p changes

by the amount of the change in the aggregate money supply times —1: p; = py_1 — &;.

Inflation Dynamics We define k = 6 + (1 — 0)(I' + I'*) and the inflation rate m, =
log(P,/Pi—1) ~ &1+ ]A% — Pt_l. Here, f’t represents the log-linearized aggregate price whereas
pr represents the log-linearized individual price. We can obtain the following AR(oco) form

for inflation dynamics:

k+(1—0)I' -6
=(1-60)(1+4TI° — _ O(my_ 22
=0+ T+ (= SO b O, (@2)
where O(m;_3) represents the term consisting of m_o_; for j = 0,1,--- . This suggests that

inflation dynamics are influenced by I', I'*, and I'®, which are, in turn, influenced by the

transport cost, T.

Aggregate Output Aggregate output is given by Y; = M,/P,. The log-linearization yields

Y, = —P,. (23)
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Welfare Household intertemporal utility is expressed as
U = ]EO Z ﬁt [log Ct — (Lt + TDt)]
t=0

=Eo » 8" log(My/P,) — M,/ P, — 7Dy].

The first and second terms in welfare are approximated up to the second order as

| 72 . 12
_ P —
1+7/2 147/2 1+7/2

log(M;/P;) — M;/ P, = —log(1+7/2) — ptz‘ (24)
This suggests that an increase in the aggregate price decreases utility both in the first and
second orders, while a decrease in the aggregate price increases utility in the first order but
decreases it in the second order.
The third term in utility, shopping distance Dy, is approximated up to the second order
as
1 SA _ ABN 2
m:—+(&—ﬁ0. (25)
4 T
This suggests that price stickiness decreases household intertemporal utility. Some consumers
have to walk a longer distance (an increase in d) when there is a price difference between firms
A and B. This is a new effect to consider, compared to standard monopolistic competition

models.

2.4 Comparison with a Dixit—Stiglitz Monopolistic Competition
Model

It is valuable to compare the implications of our model with those derived in a standard New
Keynesian model based on Dixit—Stiglitz monopolistic competition. Here, we assume that
there is one monopolistic firm, instead of two, in each product line j. Across product lines,
the elasticity of substitution is not one but ¢ > 1. Consumption is aggregated following the
Dixit-Stiglitz form of aggregation:

a~{ /[ 1 a@)‘?”dj}”il, (26)

instead of equation (1). This yields the demand and price index given by Y;(j) = (Pt G) > - Y;

P

_1
and P, = {fol Pt(j)l_"dj} 77 respectively, where Cy(j) = Y;(j).
Table 1 summarizes the comparison between the duopolistic model and the Dixit—Stiglitz

monopolistic competition model.
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Steady State A firm maximizes its profit given by (P,(7)Y:(j) — WiYi(j))/ P by optimally
choosing price P;(j). The optimal price is given by

P(j)=0/(c—1)-W,. (27)

The demand elasticity is o and price markup (the ratio of output price to the marginal cost)
is 0/(0 — 1). The degree of strategic complementarity is zero because the optimal price is
independent of other firms’ price P;.

By contrast, in the duopolistic competition model, the demand elasticity is 1 + 2/7 and
price markup is 1 + 7/2 in the absense of price stickiness. This suggests that the two
models have the same values for both the demand elasticity and price markup when 7 equals
2/(o0 —1). For example, ¢ = 9 is assumed in Gali (2015), which implies 7 = 0.25.

Inflation Dynamics Appendix A.3 shows that the inflation dynamics are represented by

140
11— 05

Tt pe+ (0 + p— pB) w1 + O(mi—). (28)
This suggests that the elasticity of substitution o does not affect the inflation dynamics.
By contrast, in the duopolistic competition model, transport cost 7, which influences the
demand elasticity, also influences inflation dynamics.

2.5 Simulation

A time unit is a quarter. In the benchmark, we normalize W = 1. We set transport cost
7 = 0.25, consistent with o = 9, as assumed in Gali (2015). Price stickiness is set at § = 0.75,

which implies price revisions occur once per year. We also use p = 0.85 and 3 = 0.99.

Policy Function Figure 2 shows policy functions for the optimal reset price, represented
by the coefficients I', I'*, and I'® in equation (18). The horizontal axis represents transport
cost 7 in a log scale. For comparison, we plot policy functions in the Dixit—Stiglitz model,
where [' = I = 0. The figure shows that both I' and I'* are positive. This suggests that
a firm revises its price upward when its previous price was high (i.e., I' > 0) or its rival’s
previous price was high (i.e., I'* > 0). This strategic complementarity, particularly owing to
positive I'*, leads to a higher markup in the steady state under sticky prices, as illustrated
in equation (17). While I' and I'* increase, I'® decreases compared with that in the Dixit—
Stiglitz model. That is, the price responds to an aggregate shock to a smaller extent. This
strategic complementarity of price setting increases the real effect of monetary policy.

The lower right-hand panel of Figure 2 shows the coefficient on inflation in the previous
period (m_1) for the AR(co) form of inflation dynamics (), given by equation (22). The
coefficient is lower than that based on the Dixit—Stiglitz model, implying a lower persistence,

12



although we need to check impulse responses because m; depends on the shock in the current
period (u;) and on inflation in the previous periods (m;_2,m;_3, - -+ ). Moreover, we find that
the coefficient on the current shock (u) for the AR(co) form is also lower in our model than
that based on the Dixit—Stiglitz model, implying that the slope of the Phillips curve is lower.

The figure suggests that this duopolistic competition model nests the Dixit—Stiglitz model
in terms of dynamics. As 7 increases to infinity, the policy functions converge to those in
the Dixit—Stiglitz model. When 7 is high, consumers purchase goods from the firm that is
located closer to them, irrespective of prices. Thus, the situation resembles that described by
the Dixit—Stiglitz model of monopolistic competition. However, this duopolistic competition
model does not cover all features depicted by the Dixit—Stiglitz model because the steady-
state markup based on the former model is infinite when 7 is infinite. In order for the
duopolistic competition model to fully cover the features captured by the Dixit—Stiglitz
model in terms of both dynamics and the steady state, the non-unit elasticity of substitution

between product lines must be introduced.

Steady-State Price Figure 3 shows the steady-state price under sticky prices given by
equation (17). The steady-state price is plotted as a ratio to the price under flexible prices
given by equation (12). The upper panel shows that transport cost 7 influences the ratio of
the steady-state price under sticky prices to the price under flexible prices in a non-monotonic
manner. There are two forces. On the one hand, high transport cost 7 increases steady-
state price under flexible prices. Specifically, when 7 is zero, firms earn no markup, and thus,
price stickiness does not matter for the ratio of the steady-state price under sticky prices to
that under flexible prices. On the other hand, high transport cost 7 weakens the dynamic
strategic complementarity (i.e., I'" decreases as 7 increases). As a result of equation (17),
this decreases the steady-state price under sticky prices. Consequently, there is a certain 7
that maximizes the ratio of the steady-state price under sticky prices, relative to that under
flexible prices.

The lower panel of Figure 3 shows how the degree of price stickiness (#) influences the
ratio of the steady-state price under sticky prices to that under flexible prices. Similar to
the upper panel, there is a certain 6 that maximizes it. When 6 is low, an increase in 0
magnifies the importance of reacting to pZ ; for firm A because firm B is more likely to keep
its price unchanged. This strengthens the dynamic strategic complementarity and, in turn,
increases the steady-state price under sticky prices. However, when 0 is very large, firm A’s
price today is less likely to influence firm B’s price tomorrow because firm B is less likely to
reset its price. This weakens the dynamic strategic complementarity and, in turn, decreases
the steady-state price under sticky prices.

Impulse Responses Figure 4 shows the impulse response functions to a positive money
supply shock (u; = 1 at ¢t = 1) for aggregate inflation rate 7, and output V;. As expected,
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the strategic complementarity of price setting increases the real effect of monetary policy,
while it decreases the nominal effect on inflation. The real effect of monetary policy in this
model is larger by approximately one third than that in the Dixit-Stiglitz model.

3 Pricing under Consumers’ Unobservable Heterogene-
ity
Some consumers may have access to a car and be more mobile, whereas others may not be, for
example, because they are aged, unhealthy, or busy working. In this section, we extend the
previous model to incorporate consumers’ heterogeneity in terms of not only their location
(x) but also their transport cost (7) (see Armstrong 2006). As we explained in 2.1, transport
cost 7 also represents a consumer’s choosiness. Thus, the heterogeneity of 7 also represents
how some consumers are loyal to a particular firm (brand) (i.e., price-insensitive) whereas
others are bargain hunters (i.e., price-sensitive). Then, the former customers have a higher 7

than the latter. This setup enriches the model implications, especially in terms of accounting

for the existence of sales (temporary price reductions).

3.1 Setup

Consumers are heterogeneous in terms of not only their locations but also their transport
cost 7. Specifically, 7 takes 7, with the probability of « or 75 otherwise (0 < 7, < 7). This
probability is independent of consumer locations. We begin by neglecting price stickiness.
If firms A and B can observe consumers’ transport cost one by one, they set their price
differently: p = (1 + 7, /2) W for consumers with 7, and p = (1 + 75 /2) W for consumers
with 74. In other words, firms charge a higher price for price-insensitive loyal consumers
and a lower price for price-sensitive bargain hunters. From now on, we suppose that firms
A and B cannot observe consumers’ transport cost, but know the distribution characterized

by 7y,71, and « correctly.

3.2 Steady State without Price Stickiness

Recall that firm A’s profit is proportional to

W 1 logp? — logp?
HA A B =F 1 — R e

if —1/2< M < 1/2, and the first-order condition is

O:W(%_EllogpA;longD (" —W)E[L/A.
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Pure Strategy One possibile option for a pricing strategy is a pure strategy. Then, the
prices of firms A and B are symmetric, p* = p?* = p?, which satisfies

pr=A{1+1/2-E[L/7) "} W, (29)
where the harmonic mean of 7 is given by

E/r) " ={al/m) + (1 —a)(1/mm)} (30)

Suppose that firm A deviates to choose p?. The pure strategy equilibrium holds if IT4(p*, p*) >
4 (p?, p*) for any p?. Given firm B’s price p*, firm A may be able to increase its profit by
giving up revenues from price-sensitive bargain hunters and charging a higher price. In this

case, the profit becomes

W 1 logp? — logp*
HA d %\ _ 1 — 1— L
w27 = a)( pd) (2 TH ’

if log”i% > 1/2. The deviating price p? should satisfy

1 logp? — logp* d
— W === O ) (W) -1y 1
’ (2 TH v ) 1/ (31)

The condition is rewritten as

(D) (B G-

We calculate the condition of 74,77, and « , which must be met for the pure strategy

equilibrium to exist numerically.

Mixed Strategy (Regular and Sales) Suppose that firm B chooses a mixed strategy,
in which price is p? with the probability of 1 — s® and p? with the probability of s
(pB > pP). Hence, sP represents the frequency of holding sales. Firm A also chooses the
mixed strategy characterized by pZ, p#, and s?. Suppose that the price difference between
pr and py, is large enough for price-sensitive bargain hunters to travel to the more distant
firm (% > 1/2) but not for price-insensitive loyal customers (% <1/2). In
other words, price-sensitive bargain hunters purchase at the firm selling at the lower price
pr if the competitor firm sets the higher price, irrespective of their locations.

When p? = p&, firm A’s expected profit is written as

I (pg) = (1 — s®)E K1 _ KA) (1 _ logpyr — logpﬁ)}

Dy 2 T
4% 1 logpd —logp®
+sB(1 - a) (1 B _A> (_ _ logpy ngL) ‘
Py 2 TH



If firm B sets p?, firm A earns zero sales from 77, consumers. The first-order condition with
respect to piy yields

1—s

2
+s(1—a)W (1— M) (1 - a) (pr — W) — (33)

2 TH TH

0=

W—(1—-s)(pg —W)E[1/7]

given symmetry.
When p# = p, firm A’s expected profit is

1) = 0 {a (1= J5) -0 (1) (5 -5 ) |

A B
L PR [(1 B KA> <1 _ logpg —logp? ﬂ .
Dy 2 T

If firm B sets p?, firm A earns unit sales from 77, consumers. The first-order condition with
respect to py yields

0=(1-s)aW
L)1 -y (5 - )
(=) a) (o= W)
4 swé — s(p—W)E[1/7]. (34)

Furthermore, we should have indifference of IT14(p5) = I14(p7'), which yields

W 1 W (1 logpy — 10gpL)
l—s)(1— ) cas(l—a)(1——) (2 2oPE—2SPL
( )( pH)Q ( )< pH) <2 TH

:(1_5){a(1—g)+(1—a) <1—g) (%_WN

s (1 _ K) L (35)

L) 2

Both the left- and right-hand sides of the equation are decreasing with s, suggesting that
an increase in the frequency of sales decreases the firm profit, irrespective of whether the
firms choose the higher price. Furthermore, it can be shown that the difference in profit,
4(ph ) — T4 (p7), is decreasing with s. This suggests that, as the frequency of sales increases,
the profit from choosing the lower price increases more than that from choosing the higher
price. Thus, there is a strategic complementarity.

Equations (33) to (35) give the solutions for py, pr, and s.
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Welfare First, we consider the case of a pure strategy. Firms A and B set the price to p*.
Each consumer spends M /p* for consumption C, while also supplying labor L for the same
amount. Shopping distance D equals 2 fol/ “pdr =1 /4, but disutility from shopping differs

between consumers with 74 and 7. Household utility UP*"¢ becomes

urte = {log(M/p*) — (M/p* + E[r] /4)} /(1 = f). (36)

The heterogeneity of transport costs influence the equilibrium price level. To see this,
we increase deviations between 7, and 75 while keeping the harmonic mean of 7 fixed.
Specifically, we define A, so that 7, = 7- (1 + A, /a) P and 7y = 7- (1 — A, /(1 — )7,
which maintains (E[1/7])"" = 7. Then, UP*"* in the above equation depends on A, only
through the term of E [r]| because p* is independent of A,. Moreover, we find

E[r] = (arp + (1 — a)7p)

o n 1 -«
=T .
1+A/a 1-AJ(1-a)
The derivative of E [7] with respect to A, is

1-A/Ql-a)+1+A/a)(1/(1-a)+1/a)
1+ A /o)1 - A /(1 - a))?

A >0

if A, < 1. Thus, larger deviations in transport costs increase the mean of 7, which decreases
utility.

Second, we consider the case of a mixed strategy. When one firm sets p;, and the other
sets py, all consumers with 7, purchase from the former firm, so D = fol xdr = 1/2.
HL — 1 logpy, —logpn

R — purchases from p; firm

and the 1 — 2% fraction purchases from py. Thus, D = fOxHL xdr + f;HL(l —x)dr =
((zH5)? + (1 — 2HE)?) /2. Household utility is given by

As for consumers with 75, the fraction of x

umieed = s {log(M/p*) — M/p*} /(1 - B)
+ (1 s) {log(M/p") = M/p"} /(1 - B)
= (" + (1 =9)?)E[r] /4/(1 - B)
—2s(1 —s) {arr/2+ (1 — a)7u((2"F)* + (1 — 2"F)%) /2} /(1 = B). (37)
The mixed strategy has three effects on utility. First, setting the higher price py decreases
utility by decreasing consumption. Second, setting the lower price p; increases utility by

increasing consumption. Third, the price dispersion decreases utility by increasing shopping
distance.
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3.3 Pricing under Consumers’ Unobservable Heterogeneity and
Price Stickiness

In the next step, we add Calvo-type price stickiness. Both firms A and B compete in multiple
periods and can reset their prices at the probability of 1 — 0 € (0, 1).

Pure Strategy First, we consider a case in which the pure strategy equilibrium holds.
Importantly, the condition for the pure strategy equilibrium to hold, which was shown in the
previous subsection, is relaxed. In the dynamic setup where two firms compete repeatedly,
the incentive to deviate from the pure strategy decreases. Nevertheless, we can obtain
implications of price stickiness similar to those in Section 2.3.

Under price stickiness, the pure strategy is expressed by

1 . (1-60)(1+60—6%3) -
=14+ (E[1 1— 0pr* .
p =15 (/) 2= 0ag (39)
Importantly, p* increases by the term of I'* under price stickiness, which increases firm profit

and decreases the incentive to deviate from this strategy.”

Mixed Strategy Next, we consider the case of a mixed strategy. It is often stated in the
literature that regular prices are sticky, while sale prices are highly flexible. Specifically, as
in Guimaraes and Sheedy (2011), we assume that the higher price is subject to Calvo-type
price stickiness, while the lower price is perfectly flexible. Specifically, we assume that the
lower price pr; is set at pr, W, where p;, stands for the steady-state lower price when Wy = 1.
In other words, the lower price is indexed to the aggregate wage level (money supply) fully.
It is of note, however, that this price is not necessarily optimal since it does not consider
price history. With the probability of 1 — 6, firms can revise the higher price. Firms may
also choose to set the lower price, and even in this case, we assume that the rival firm can
observe the higher price.

In order for the mixed strategy equilibrium to hold, the two choices (higher price and
lower price) must yield the same payoff. However, this is very restrictive, particularly when
we impose the equality of the payoff both when firms can revise their higher price and when
they cannot. If the payoff from not revising the higher price is the same as the payoff from
choosing the lower price, the payoff from revising the higher price is likely to exceed that
from choosing the lower price, because not revising the higher price is suboptimal.

In this study, we assume that a certain constraint (such as limited information-processing
capacity) prevents firms from optimizing both the higher price (pg:) and the frequency of
sales (s;) simultaneously. When firms can revise their higher price, the frequency of sales

is kept constant at a steady-state level (s) and the equality of payoffs does not hold unless

"See Appendix B.2 for details.
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the economy is in steady state. When firms cannot revise their higher price, the equality of

payoffs holds; firms can flexibly optimize the frequency of sales to achieve this.

We define the optimal higher price set by firm A in period t as ﬁﬁ,’t. Further, we define
the frequency of sales when firm B revises the higher price as s} = s and the frequency of
sales when firm B does not revise the higher price as s;'. Then, firm A optimizes pﬁ’t as

N M 1 logpd , — logp?
maxzekﬁk]]it [(1 — %"'k (95?+k +(1— 9)5) 5- EDH ¢ 8PL 14k
p

k=0 H.,t T
+ 1— MtJrkJ 9(1 _gn ) 1 . logpg,t - logpg,b‘rkfl
Pl 2 T
s (1 Mok} gy gy (L 18P TP ) | v P Min
pé]i 2 T At Pt_;,_k Mt '

Further, in log-linearization, we define pg, = pg M,eP Dy = puMert” | and s = se* as
well as dlogpy . /Ologpy;, = I* and dlogsy,, /Ologpyy, = A™.

In Appendix B.2, we explain the condition for the mixed strategy equilibrium to hold,
which comes from the first-order condition for the optimal setting 7, and the aforemen-
tioned condition of equality of profits from choosing the higher price and the lower price
when the higher price is not revised. Furthermore, we derive aggregate inflation and output

for this scenario in Appendix B.2.

3.4 Simulation

For the simulation, we use the parameter values explained in Section 2.5. The only excep-
tion is the transport cost. Instead of the homogeneous value of 7 = 0.25, we use various

combinations for the values of 7, 71, and .

Pure and Mixed Strategy Region under Flexible Prices We show numerical results
under flexible prices (i.e., # — 0). First, Figure 5 illustrates the parameter region in which
the equilibrium is characterized by either the pure or mixed strategy. We fix 7 either at
0.01 or 0.1. The figure shows that the pure strategy equilibrium is more likely to arise as
the difference between 7, and 7 becomes smaller (i.e., 7, is larger and 7y is smaller) or the
probability of 7, becomes higher. The mixed strategy equilibrium is more likely to arise in
the opposite case. The line with circles shows the combination of 75 and « which is required
to keep the harmonic mean of 7 at 0.25. This line intersects with the boundary at the point
dividing the pure and mixed strategy equilibrium. This suggests that if a harmonic-mean-
preserving difference for 75 and 7, exceeds a certain level, the equilibrium changes from the
pure strategy equilibrium to the mixed strategy equilibrium.

Second, Figure 6 shows how the equilibrium price changes when 75 changes. Here, we
fix 7, at 0.1 and adjust a so that the harmonic mean of 7 is unchanged at 0.25. When
Ty is low (close to 77), the pure strategy constitutes the equilibrium, and the equilibrium
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price is independent of 75 because the harmonic mean of 7 is unchanged. When 7 is high,
the mixed strategy constitutes the equilibrium, generating two possible equilibrium prices.
The figure shows that, compared with the pure strategy, the mixed strategy leads to higher
equilibrium prices. Interestingly, the equilibrium price is higher even for the lower price
of the two. As 7y increases (i.e., the harmonic-mean-preserving difference increases), the
two equilibrium prices increase. Meanwhile, the probability of sales (i.e., the probability of
choosing the lower price rather than the higher price) decreases. It should also be noted that
in this model, the size of the sale discount, (py — pr)/pu, is approximately 15%, whereas
the frequency of sales is around 80%. Compared with the data (e.g., see Sudo et al. 2018),
the former is almost the same, but the latter is considerably higher (the actual frequency of
sales is around 25%).

Third, Figure 7 shows how utility changes when 75 changes. Again, we fix 77, at 0.1 and
adjust a so that the harmonic mean of 7 is unchanged at 0.25. The figure demonstrates that
utility decreases monotonically as the harmonic-mean-preserving difference increases. This
result is consistent with what we discussed in Section 3.2.

Impulse Responses under Sticky Prices Next, we simulate the model under price
stickiness (f = 0.75). We set 7, and 75 at 0.1 and 10, respectively, whereas « is chosen to
make the harmonic mean of 7 equal 0.25 (i.e., & = 0.39). In this case, the mixed strategy
serves as the equilibrium. We numerically calculate policy functions with respect to pricing
and then calculate the impulse responses to a positive money supply shock (p; = 1 at ¢t = 1).

The solid line with dots in Figure 8 shows the simulation results. All the variables are
log-linearized from their steady state values.® The figure shows that a positive money supply
shock increases the inflation rate and output. The higher price is negative, suggesting that
price stickiness prevents some firms from adjusting their price upward. Meanwhile, these
firms optimally adjust the frequency of sales. Specifically, they decrease the frequency of
sales.

For comparison, we plot the impulse responses when 7 is homogeneous at 0.25. In
this case, equilibrium is characterized by the pure strategy. Although the inflation rate
and output exhibit the same qualitative pattern, the magnitude of the change in output is
considerably different. Namely, the output under the mixed strategy increases by less than
one tenth.

The reason for this is the presence of strategic complementarities. The lower left-hand
panel shows that, although the aggregate higher price under the mixed strategy is negative,
the extent to which it deviates from the steady state is smaller than the extent to which the
aggregate price deviates under the pure strategy. Under the mixed strategy, the lower (i.e.,

8The lower left-hand panel shows the log-linearized aggregate higher price. Specifically, by denoting the
log-linearized optimal reset higher price by p;, we can express the aggregate higher price in period ¢ as

DPr = 0(Pr—1 — &) + (1 — 0)pj.
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sale) price is revised upward fully in response to the positive money supply shock. Combined
with the strategic complementarity effect, this induces firms to increase their higher price
more when they can reset it. Furthermore, the decrease in the frequency of sales increases
the aggregate price. Therefore, nominal prices are adjusted upward more strongly, which
weakens the real effect of monetary policy.

Recall that we assume a certain constraint, which prevents firms from optimizing both
the higher price and the frequency of sales simultaneously. Firms optimize the frequency
of sales only when they cannot revise their higher price. To investigate the quantitative
importance of this assumption, in Figure 8, we also demonstrate simulation results when the
frequency of sales is kept constant. Technically, we assume that the equality of profits from
choosing the higher price and lower price does not necessarily hold except for in the steady
state. The figure shows that, although the frequency of sales does not decrease in response
to the shock, the other three variables (i.e., the inflation rate, output, and the higher price)
hardly change. Thus, although there could be many different models regarding the mixed
strategy under price stickiness, this result suggests that quantitative implications may be

more or less the same.

Comparison with Guimaraes and Sheedy (2011) This result is markedly different
from that reported in Guimaraes and Sheedy (2011). In their model, the existence of tem-
porary sales hardly changes the real effect of monetary policy. Their model setup is different
from ours in that the former is based on the Dixit—Stiglitz model and thus, firms are mo-
nopolistic. There exist two types of consumers whose elasticity of substitution is different.
Model outcomes are also different. In their model, two price equilibria arise, but strictly
speaking, they are not a mixed-strategy equilibrium as in our model. In their model, each
firm can set multiple prices in each period, choosing a higher price for a certain fraction of
products and a lower price for the other. In our model, each firm sets one price in each
period, consequently choosing a higher price with a certain probability and a lower price
otherwise. In the Guimaraes and Sheedy (2011) model, sales are strategic substitutes; that
is, if other firms choose a higher price rather than a lower price more frequently, a firm will
be better off if it chooses a lower price rather than a higher price more frequently. This
exemplifies the strategic substitutes scenario and leads to the result that the real effect of
monetary policy hardly changes despite sales.

4 Concluding Remarks

In this study, we provided a tractable macroeconomic model incorporating duopolistic com-
petition and price stickiness. We found that implications for monetary policy change when
we incorporate strategic pricing behaviors of oligopolistic firms. Firms’ pricing entails a dy-
namic (intertemporal) strategic complementarity. The optimal reset price positively depends
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on the price set by a rival firm in the previous period. This property increases the real effect
of monetary policy slightly, compared with a standard monopolistic competition model in
which a strategic complementarity is absent. However, when transport costs are heteroge-
nous, a mixed strategy equilibrium may arise, under which the real effect of monetary policy
is weakened considerably.

Although our model is simple and ignores many important features, model tractability
may enable us to incorporate them in the future. The first feature is competition across
different product lines. Whereas our model assumed a unit elasticity of substitution for
different products, it would be possible to use a generalized value for the elasticity of substi-
tution as in the Dixit—Stiglitz model, which generates competition across different product
lines. This feature is also relevant to product bundling. In reality, shoppers purchase more
than one variety of product per visit to a retailer. They decide whether to purchase from
firm A or B based on a multitude of other products, not just based on the single product
offered by A and B. Thus, firms A and B must optimize the prices of multiple products sim-
ulatenously. The second feature of the model is competition between more than two firms.
In this regard, Salop’s circular location model is promising. This feature also allows us to
incorporate entry/exit and the optimal location choice, which this study ignores. The third
feature is asymmetry between two firms. Whereas two firms were assumed to have the same
technology, actual firms are diverse in technology. Some are more competitive than others.
The fourth feature is nonlinearity. Although log-linearization of the model simplified our
analysis, the degree of price increase in response to a positive money supply shock may be
greatly different from the degree of price decrease in response to a negative money supply
shock of equal size.

Investigating these extensions is likely to improve the fit of the model, particularly with
respect to the frequency of sales in the case when a mixed strategy equilibrium holds. More-
over, since the first three features concern competition, it is interesting to see how such a
model extension can help connect recent developments in firm dynamics (e.g., an increase in
markup, a decrease in business dynamism) with those in inflation dynamics (e.g., a decrease
in the inflation rate in developed countries, the disappearing Phillips curve). Specifically,
the fourth feature may enable the following questions to be addressed. Which is more likely
to occur, hyperinflation or deflation, when strategic pricing matters? When an inflation rate
deviates from a target upward or downward, which is more difficult to reanchor the inflation
rate?

Finally, recent information-technology developments have enabled firms to collect con-
sumers’ preferences at an individual level at a low cost. In our model, this development
corresponds to a situation in which firms observe heterogenous 7’s and/or z’s. This allows
firms to set customer-dependent prices, also known as third-degree price discrimination. In
future, it would be interesting to study whether this occurs in reality and what the implica-
tions for monetary and competition policy are (see, e.g., Armstrong 2006).
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Table 1: Comparison with a Dixit—Stiglitz Monopolistic Competition Model

Duopoly Monopoly
Steady-state price markup (p/W) 14 i (1 - %WG&F*)A o/(oc—1)
Demand elasticity 1+2/7 o
Degree of strategic complementarity 1/(2+17/2) 0
Dependence on demand elasticity
Yes No

for inflation dynamics

Note: The demand elasticity and degree of strategic complementarity under duopoly are those in the absence
of price stickiness.

Figure 1: Best Response
Note: The solid line with dots represent firm A’s best response of price (p?) given firm B’s price (p?), where

W and 7 equal 1 and 0.25, respectively. The solid line shows the 45° line.

25



e Inertia in inflation

1.75
0.
0.
0.
Duopoly
0.92F ~~ ~Dixit-Stiglitz monopoly
1.6 . : . . . , ) )
1077107 10° 10" 10° 1021071 10° 10" 107
T T

Figure 2: Policy Functions under Price Stickiness
Note: The figure shows the coefficients of policy functions for the optimal reset price by firm A given by
pi* =Tpit | + T"pP | + I'®es. The lower right-hand panel shows the coefficient on past inflation (m;_;) for
the equation of inflation (7). The horizontal axis represents transport cost (7, log scale).
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Figure 3: Steady-State Price under Price Stickiness
Note: The vertical axis represents the ratio of the steady-state price under sticky prices to that under flexible
prices. The horizontal axis represents transport cost (7, log scale) and price stickiness (f) in the upper and
lower panels, respectively.
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Figure 4: Impulse Responses to Money Supply Shock

Note: The horizontal axis represents quarters after a positive money supply shock occurs at ¢ = 1.
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Figure 5: Equilibrium Region under Consumers’ Unobservable Heterogeneity and Flexible

Prices

Note: The thick solid line (in blue) and the thin dashed line (in black) represent the boundary between pure
and mixed strategy when the parameter 7, is set at 0.01 and 0.1, respectively. The thick solid line with
circles (in blue) and the thin dashed line with circles (in black) indicate the combination of 75 and « that

keeps the harmonic mean of 7 at 0.25, respectively.
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Figure 6: Equilibrium Price under Consumers’ Unobservable Heterogeneity and Flexible

Prices
Note: The parameter 77, is set at 0.1, and « is chosen to keep the harmonic mean of 7 at 0.25.
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Figure 7: Household Utility under Consumers’ Unobservable Heterogeneity and Flexible

Prices
Note: The parameter 7, is set at 0.1, and « is chosen to keep the harmonic mean of 7 at 0.25.
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Figure 8: Impulse Responses to Money Supply Shock
Note: For the pure strategy, 7 is homogeneous and equals 0.25. For the mixed strategy, 71 and 7 equal 0.1
and 10, respectively, whereas the parameter « is chosen to make the harmonic mean of 7 equal 0.25 (i.e.,

a = 0.39).
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