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Abstract

This paper develops a general equilibrium model that combines strategic comple-

mentarities with boundedly rational expectations to generate short-run non-neutrality

of monetary and demand shocks with respect to real variables in line with the evidence.

In sharp contrast to the previous literature and leading DSGE models, I do not impose

nominal rigidities: neither in the form of a Calvo assumption, menu costs, rational

inattention, etc. Instead, price inertia derives as an equilibrium outcome where firms

compete for their customer base in horizontally differentiated markets and form level-k

beliefs about the future prices of their competitors.
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1 Introduction

There is ample evidence that demand shocks affect output,1 and a “widely held belief (cer-

taintly among central bankers) in the power of [monetary] policy to influence output and

employment developments, at least in the short run” (Gaĺı, 2015).

Real Business Cycle (RBC) theory—which starts with the seminal papers of Kydland and

Prescott (1982), and Prescott (1986)—was a methodological revolution in macroeconomics.

Large scale macroeconomic models based on behavioral equations and ad hoc assumptions—

and hence subject to serious challenges for policy evaluation (Lucas, 1976)—gave way to the

use of dynamic stochastic general equilibrium (DSGE) models based on strong microfoun-

dations. However, these models were characterized by a very small or null effect of demand

shocks on output and real variables, and most of them directly made no reference to mone-

tary factors at all. Even the versions that introduced a monetary sector (Cooley and Hansen,

1989) generally predicted neutrality (or near neutrality) of monetary policy.

This discrepancy between theoretical predictions and evidence, and between normative

implications and policy practice, made way for a new generation of macroeconomic models

that brought different exogenous devices to impose price inertia in firms and hence generate

outcomes more in line with the evidence. Along these lines we have menu costs and Ss

models, where firms have to pay a fee in order to be able to adjust their prices (see, for

example, Caplin and Spulber, 1987 and Golosov and Lucas, 2007); the rational inattention

models, where agents can only update their information sets and price plans at random dates

or they have to pay a fee to do that (see, for example, Mankiw and Reis, 2002 and Reis,

2006); and the New Keynesian framework, which departs from the RBC framework and adds

monopolistic competition and exogenous nominal rigidities as in Calvo (1983):2 firms are

not freely able to adjust their own prices if they want to, but there is a fixed probability

every period to be allowed to do that (see, for example, Smets and Wouters, 2003, Smets

and Wouters, 2007, and Christiano et al., 2005).

The New Keynesian framework rests on the DSGE structure characteristic of RBC mod-

els and, in medium and large scale versions, it has been the major workhorse for policy

1See Friedman and Schwartz (1963), Eichengreen and Sachs (1985), Mussa (1986), Christiano et al.
(1999), Blanchard and Perotti (2002), Romer and Romer (2004), Ramey (2011), Barro and Redlick (2011),
Nakamura and Steinsson (2014), Guajardo et al. (2014), Mian and Sufi (2014), Gertler and Karadi (2015),
Nakamura and Steinsson (2018).

2An alternative is to combine this framework with the assumption in Rotemberg (1982) where firms must
pay a proportional adjustment cost to be able to change their prices. Both the Calvo (1983) and Rotemberg
(1982) pricing assumptions are equivalent to a first order approximation about a zero inflation steady state
and the proper parameterization.
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evaluation. However, as in menu costs and rational inattention models, it depends on the

pivotal role of the respective exogenous device that imposes nominal rigidities. In other

words, price inertia does not derive as an equilibrium outcome but from ad hoc restrictions

externally imposed over firms, so it is not explained but assumed. This poses important

problems. From a theoretical perspective, firms are forced to accept suboptimal contracts

that they would never accept by any rational choice; and, if that was the status quo, firms

would even be willing to pay significantly large amounts to get rid of those if they were

allowed to, and hence be finally able to change their own price whenever they choose to.

From a policy perspective, these models are again subject to Lucas critique (Lucas, 1976)

because their main ingredient is an ad hoc assumption lacking in microfoundations, which

casts reasonable doubts on their robustness for policy evaluation.

This paper aims to fill the gap between: (i) an RBC theory that is strongly microfounded

but not in line with the evidence on the non-neutrality of monetary and demand shocks with

respect to real variables, and (ii) a New Keynesian framework that is in line with such

evidence but that rests on the critical role of ad hoc restrictions and is therefore subject to

Lucas critique.

The model embeds an industry structure featuring horizontal differentiation in an oth-

erwise standard real business-cycle framework. There is a continuum of industries, each

producing a different consumption good. Each industry is a “linear city” or product space

of length 1, with consumers uniformly and continuously distributed along the [0, 1] inter-

val and a firm in each of the two extremes of the interval. Consumers have heterogeneous

tastes—determined by their location in each industry’s product space—and dislike the rela-

tive distance between their specific location in the product space (that is, their ideal good)

and the location of the firms’ goods (that is, the available goods in the market). The level

of horizontal differentiation determines the degree of competition in an industry: in the ab-

sence of differentiation, we would be back to the Bertrand paradox where whoever charges

the smallest price gets the whole market; on the other hand, as the level of horizontal dif-

ferentiation increases, it becomes relatively more costly for consumers to move across the

product space, so the neighboring clientele of a firm becomes more captive or, in other words,

firms get more market power.

There is a continuum of households that are identical except for their location in the

product space of each industry, which defines part of their preferences. In particular, for

each pair industry-household, the household is randomly assigned a location in the indus-

try’s product space that is independent and identically drawn from a continuous uniform

distribution over the [0, 1] interval. Households consume a final good that is a CES aggre-
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gate of the continuum of industry goods, so consumption goods from different industries are

imperfect substitutes. For each industry, optimal behavior implies that there is a threshold

that depends on the price of each firm, the general level of prices, and the level of horizontal

differentiation: households located to the left of that threshold will purchase from the firm

at the left extreme of the interval (Firm A) in that particular industry, whereas households

located to the right are sufficiently close to the other firm (Firm B) and will purchase from

it. The market will be equally split when firms charge the same price; however, raising the

price would—ceteris paribus—partially reduce the customer base of the firm. The firm with

the smallest price will get a larger share of the pie, but not all the market because of the

horizontal differentiation that arises from consumers’ locations in the product space.

Raising—ceteris paribus—the price will be profitable for the firm because it will be

charging a higher markup per unit; however, it will be costly not only because its customers

will now be purchasing less units, but also because the firm will be completely losing some

of its customers, who will be moving away to its industry competitor. Firm’s profit maxi-

mization with respect to prices then yields a best response function that depends on three

objects: the price of the industry competitor, the overall inflation rate, and the marginal

cost. Each period, all firms choose their prices simultaneously after observing the realiza-

tion of the shocks and then inflation is realized. I relax the standard assumption that firms

perfectly forecast the actions of their industry competitor, and I instead assume that firms

form consistent beliefs about how the competitor’s price will react to the shocks and act

upon them. In particular, I analyze different degrees of level-k thinking expectations, where

level-k thinking for firm A is defined as the belief that firm B will be playing its best response

under the belief that firm A will be playing its best response under level-(k−1) thinking. For

simplicity, I maintain the rational expectations assumption everywhere else in the model.

A positive monetary shock resulting in a permanent shift in the money supply leads to a

rise in consumption and output, together with inflationary pressure, as well as an increase in

labor and wages, despite the complete lack of any sort of exogenous nominal rigidity in the

model. The main mechanism behind this result is the incomplete marginal cost-price pass-

through that derives from firms’ competition for their customer base. A positive demand

shock raises wages, since that is necessary for workers to work more. However, the pass-

through from that rise in the marginal cost to the price of the firm depends on how the

firm predicts that the industry competitor will react. If the firm rises its price unilaterally,

part of its customer base will move away to its industry competitor. Therefore, the firm will

be reluctant to rise its price too much over the price of the industry competitor, since that

would have a detrimental effect on its customer base. Hence, the firm will only be willing to
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rise its price significantly when the industry competitor is doing something similar, so that

this price increase is not as negatively perceived by its customer base. A more standard

monetary policy shock to a Taylor rule yields qualitatively similar results.

Lastly, given that the main mechanism behind the results is based on this short-run,

incomplete marginal costs-price pass-through, I explore how the implications of the model

change when we incorporate wage inertia. The result from a standard calibration is that

the effects of the shock in the real variables doubles in both size and duration, while it gets

much more robust to high levels of thinking.

This paper is, to the best of my knowledge, the first to introduce horizontally differ-

entiated markets in a general equilibrium framework. There is a large literature of general

equilibrium models with different sorts of pricing complementarities,3 as well as a literature

introducing boundedly rational expectations in macroeconomic models (for example, Angele-

tos and Lian (2018) and Farhi and Werning (2019) embed low level-k thinking assumptions

in a New Keynesian framework). This paper shares some elements with both literatures,

but does not need to include any sort of exogenous nominal rigidities to generate short-run

non-neutrality of monetary and demand shocks with respect to real variables. Christiano

et al. (2016) endogenizes wage inertia by explicitly modeling wage bargaining while keeping

the Calvo (1983) assumption in the goods market.

The rest of the paper is organized as follows. Section 2 presents the model. Section 3

carries out the quantitative analysis. Concluding remarks appear in section 4.

2 Model

This model embeds an industry structure featuring horizontal differentiation as in Hotelling

(1929) in an otherwise standard real business-cycle model. There are a measure-one con-

tinuum of industries indexed by j ∈ [0, 1], each producing a different consumption good.

Each industry j consists on a “linear city” of length 1, as displayed in figure 1, with the

consumers uniformly and continuously distributed with density 1 along the [0, 1] interval.

Each industry has two firms, say Firm A and Firm B, each located at the extremes of the

[0,1] interval4.

3See, for example, Kimball (1995), Rotemberg and Woodford (1997), Chari et al. (2000), Bergin and
Feenstra (2001), Dotsey and King (2006), Burstein and Hellwig (2007), Klenow and Willis (2006), Eichen-
baum and Fisher (2007), Atkeson and Burstein (2008), Gertler and Leahy (2008), Nakamura and Steinsson
(2010), Altig et al. (2011), Mongey (2021).

4For simplicity, I am abstracting from firm location choice, considering the standard “maximal differ-
entiation” location as fixed and predetermined. This allows me to keep linear transportation costs while
ensuring tractability both at the industry-level and in the general model.
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Firm A Firm B

Cost tx Cost t(1-x)

0 x 1

Figure 1: An industry.

A consumer located at point x ∈ [0, 1] and interested in purchasing some units of the

industry j good has the option of purchasing from Firm A or B (or both). In both cases, the

consumer will incur in a transportation cost t > 0 per unit, which is linear and proportional

to the distance between the consumer and the firm. There are two ways to think about

this framework. The classical interpretation is that the products offered by both firms are

identical, but the consumer is physically distant from the firm (or the store) and hence

has to pay a transportation cost to get there either in terms of time or money. A modern

interpretation is to consider the “linear city” as the product space, along which goods are

differentiated by some characteristic. Consumers have heterogeneous tastes and have to pay

a utility cost when consuming a product relatively different from their ideal, represented

by their location in the product space. While I consider the later interpretation as more

appropriate, I model transportation costs as a monetary cost instead of a utility cost, as

otherwise the model would become much more convoluted and less tractable without clear

conceptual gains.

Notice that Firm A and B’s products will be more differentiated the higher the trans-

portation cost. When t = 0, we are back to the Bertrand paradox where whoever charges

the smallest price gets the whole market and eventually both firms charge a price equal to

the marginal cost in equilibrium. As t increases, it becomes more costly for consumers to

move across the product space, so the neighboring clientele of a firm becomes more captive

or, in other words, firms get more and more market power (so prices are higher in equilib-

rium). From the modeller’s perspective, this way of introducing strategic complementarities

is advantageous because, despite its simplicity, it embodies any potential degree of market

competition as a function of a single parameter.5

5Another advantage is its theoretical soundness and its relative realism. Bertrand’s criticism to Cournot’s
competition was that such a solution cannot represent an equilibrium because, at any point, anyone could
slightly reduce the price and take all his opponent’s market, and that by focusing on quantities as an
independent variable instead of prices one was hiding this fallacy. Hotelling’s criticism to Bertrand was, in
his own words, that ”in all his illustrations of competition one merchant can take away his rival’s entire
business by undercutting his price ever so slightly [...] Quite commonly a tiny increase in price by one seller
will send only a few customers to the other”.

6



The model has three types of agents: the households, the firms, and the government.

2.1 Households

There are a measure-one continuum of households indexed by i ∈ [0, 1]. For every pair

industry j - household i, household i is randomly assigned a location in the industry j

product space, denoted by x(j, i) ∈ [0, 1]. This x(j, i) location is independent and identically

drawn from a continuous uniform [0, 1] distribution6. Households are identical in all fronts

except for their location in the product space of each particular industry j ∈ [0, 1], which is

part of their preferences.

A particular household i seeks to maximize the utility function

E0

∞∑
t=0

βt

[
Ct(i)

1−σ

1− σ
−Ψ

Nt(i)
1+η

1 + η
+ θ ln

(
Mt(i)

Pt

)]
(1)

where Ct(i) is consumption of the final good, which is a CES aggregate of the continuum of

industry goods

Ct(i) =

(∫ 1

0

Ct(j, i)
ϵ−1
ϵ dj

) ϵ
ϵ−1

. (2)

Here ϵ > 2, and Ct(j, i) = CA
t (j, i) + CB

t (j, i) is the sum of the consumption made from

the goods produced by each of the firms in industry j. Nt(i) denotes employment or hours

worked, while Mt(i)
Pt

is the real balance of money held by household i and Pt is the price of

the final good in terms of money (numeraire). The period budget constraint is

∫ 1

0

[
PA
t (j)C

A
t (j, i) + PB

t (j)CB
t (j, i)

]
dj+

Ptt

∫ 1

0

[
x(j, i)CA

t (j, i) + [1− x(j, i)]CB
t (j, i)

]
dj+

Bt+1(i) +Mt(i) = Mt−1(i) +WtNt(i) + Πt + (1 + int−1)Bt(i)− PtTt,

(3)

6Notice that an immediate implication of this distributional assumption is the fact that, for a given
industry j̃ ∈ [0, 1], the distribution of locations across households [x(j̃, i)]i∈[0,1] will be continuously uniform

along the interval [0, 1]. The same thing happens, given a household ĩ ∈ [0, 1], to the distribution of locations
across industries [x(j, ĩ)]j∈[0,1].
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where Bt(i) is nominal bond holdings, int is the nominal interest rate, Mt(i) is nominal money

holdings, Wt is the nominal wage, Πt is the nominal per-capita profit accruing to households

from the ownership of the firms (assumed to be equally distributed across households), and

Tt is a lump sum government tax.

The first line of equation (3) is the total cost of the industry goods, where (PA
t (j), P

B
t (j))

are the prices charged by firms A and B of industry j. The second line is the total transporta-

tion costs, where Ptt is the nominal transportation cost per unit of length in the product

space of industry j, with t > 0 governing the magnitude of the cost.

Given a pair industry j - household i, with x(j, i) ∈ [0, 1], the effective cost per unit when

purchasing from firm A would be PA
t (j)+Pttx(j, i), while it would be PB

t (j)+Ptt(1−x(j, i))

when purchasing from firm B. Cost minimization implies that, when purchasing goods from

industry j, household i will choose the firm with the lowest effective cost per unit. In

particular, household i will purchase from firm A if, and only if, PA
t (j)+Pttx(j, i) ≤ PB

t (j)+

Ptt(1−x(j, i)) or, equivalently, x(j, i) ≤ PB
t (j)−PA

t (j)

Pt2t
+ 1

2
. This allows us to define the threshold

location at industry j as:

x∗
t (j) =

PB
t (j)− PA

t (j)

Pt2t
+

1

2
. (4)

Households located to the left of this threshold are sufficiently close to firm A and will

purchase from it, whereas those located to the right will choose firm B. Notice that the

market will be equally split when firms charge the same price; however, raising the price

would—ceteris paribus—partially reduce the customer base of the firm. Notice also how

the price of the competitor directly affects the customer base of each firm. Lastly, I will

restrict attention to prices such that x∗
t (j) ∈ (0, 1) for all j ∈ [0, 1] or, in other words, such

that the price difference between the two firms is not so high that one of the firms has no

demand. Such a thing cannot happen in equilibrium anyways, as otherwise one of the firms

would have incentives to lower its price and get positive profits (conditional on wages being

sufficiently small, which would be in equilibrium by labor market clearing).

Apart from the consumption/savings and the labor/leisure choice dimensions, the house-

hold has to decide how to allocate its consumption expenditures across the continuum of

industry goods. Optimal consumer behavior requires Ct(i) to be maximized for any given

level of expenditures. First, this requires the household to purchase from firm A in those

industries where x(j, i) ≤ x∗
t (j), and from B otherwise. Furthermore, and as shown in

Appendix A.1, this yields the set of demand equations
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Ct(j, i) =

(
P̃t(j, i)

P̃t(i)

)−ϵ

Ct(i) (5)

for all j ∈ [0, 1], where I define

P̃t(j, i) ≡ [PA
t (j) + Pttx(j, i)]1{x(j, i) ≤ x∗

t (j)}+ [PB
t (j) + Ptt(1− x(j, i))]1{x(j, i) > x∗

t (j)}

as the effective price (or cost) of a unit of industry good j optimally purchased by household

i; and where I define

P̃t(i) ≡

(∫ 1

0

P̃t(j, i)
1−ϵdj

) 1
1−ϵ

as the effective aggregate price index.7 Moreover, and conditional on such optimal behavior,

we have that

P̃t(i)Ct(i) =

∫ 1

0

[
PA
t (j)C

A
t (j, i) + PB

t (j)CB
t (j, i)

]
dj

+Ptt

∫ 1

0

[
x(j, i)CA

t (j, i) + [1− x(j, i)]CB
t (j, i)

]
dj,

(6)

which allows us to write the budget constraint of the household as

P̃t(i)Ct(i) +Bt+1(i) +Mt(i) = Mt−1(i) +WtNt(i) + Πt + (1 + int−1)Bt(i)− PtTt. (7)

Appendix A.2 shows that, as a result of the continuity and random assignment assumptions,

the effective aggregate price index is homogeneous across households, meaning that P̃t(i) =

P̃t(i
′) = P̃t for any i, i′ ∈ [0, 1]. Therefore, the problem of the household reduces to

max
Ct(i),Nt(i),Bt+1(i),Mt(i)

E0

∞∑
t=0

βt

[
Ct(i)

1−σ

1− σ
−Ψ

Nt(i)
1+η

1 + η
+ θ ln

(
Mt(i)

Pt

)]

s.t. P̃tCt(i) +Bt+1(i) +Mt(i) = Mt−1(i) +WtNt(i) + Πt + (1 + int−1)Bt(i)− PtTt.

However, since all households face the exactly same problem with the same set of prices,

7Notice that the effective price of a unit of industry good j is household specific, as it depends on the
specific location of the particular household in the product space of industry j. This makes the effective
aggregate price index to be household specific too.
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they will make the same optimizing decisions. We can then drop the i index and we are

back to the representative household framework. The simplicity of this setting is that,

even though different households will distribute consumption spending differently across

and within industries, they will make the same overall consumption/saving and labor/leisure

choices.

The Lagrangian for household i would then be

L = E
∞∑
t=0

βt

[
C1−σ

t

1− σ
−Ψ

N1+η
t

1 + η
+ θ ln

(
Mt

Pt

)
+

λt

(
Mt−1 +WtNt +Πt + (1 + int−1)Bt − PtTt − P̃tCt −Bt+1 −Mt

)]
,

which yields the intra-temporal (labor/leisure) optimality condition

ΨNη
t = C−σ

t

Wt

P̃t

, (8)

the inter-temporal (consumption/saving) optimality condition

C−σ
t = βEt

[
C−σ

t+1(1 + int )
P̃t

P̃t+1

]
, (9)

and the optimality condition for money (money demand)

θ

(
Mt

P̃t

)−1

= C−σ
t

int
1 + int

. (10)

2.2 Firms

As introduced above, an industry j ∈ [0, 1] is a “linear city” or product space of length 1.

Each industry j has two firms—Firm A and Firm B8—located at the extremes of the [0, 1]

interval and, as stated above, households are uniformly distributed along the interval. Both

firms set their price simultaneously, and these prices determine each firm’s customer base as

illustrated in figure 2. Under optimal consumer behavior, the customer bases of firms A and

8A more precise notation would be Firm A (j) and Firm B (j), as firms are industry-specific.
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B would be

CBA
t (j) =

PB
t (j)− PA

t (j)

Pt2t
+

1

2
=

πB
t (j)− πA

t (j)

πt2t
+

1

2

and

CBB
t (j) =

1

2
− PB

t (j)− PA
t (j)

Pt2t
=

1

2
− πB

t (j)− πA
t (j)

πt2t
,

where πt ≡ Pt

Pt−1
− 1, πA

t (j) ≡
PA
t (j)

Pt−1
− 1, and πB

t (j) ≡
PB
t (j)

Pt−1
− 1.

Firm A Firm B

0 1

Firm A's customer base Firm B's customer base

Figure 2: Distribution of the customer base in industry j.

Notice that each firm’s customer base will directly depend on the price of the other firm.

In particular, the customer base in industry j would be equally split if both firms set the

same price; however, the firm with the smallest price would get a larger share of the pie

when prices are different, but not all the market because of the horizontal differentiation

that arises from the heterogeneity in consumer locations.

As I show below, profit maximization will yield a best response function that will depend

on three objects: the price of the industry competitor, the overall inflation rate, and the

marginal cost. Each period, both firms choose their price simultaneously after observing the

realization of the shocks and then—while this happens across industries—inflation is realized.

I relax the standard assumption that firms perfectly forecast the action of their competitor,

and I instead assume that firms form consistent beliefs about how the competitor’s price

will react to the shocks and act upon them. In particular, I will analyze different degrees of

level-k thinking expectations, where a level-0 thinking would correspond to the belief that

the industry competitor is myopic in the sense that it will not react to the shocks; and where

level-k thinking for firm A is defined as the belief that firm B will be playing its best response

under the belief that firm A will be playing its best response under level-(k − 1) thinking.9

9We can keep raising the level of sophistication until level-∞ thinking, which corresponds to the belief
that the competitor will directly choose the unique Nash equilibrium’s price in pure strategies.
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For consistency, and given that we have a continuum of industries and each particular firm

is atomistic, I assume that firms keep the same beliefs with respect to the overall inflation.10

For simplicity, I maintain the rational expectations assumption everywhere else in the model.

To keep things as simple as possible, I assume a constant returns to scale technology in

labor with a common productivity shock At,
11 so that the production function of firms A

and B of industry j are

Y A
t (j) = AtN

A
t (j) (11)

and

Y B
t (j) = AtN

B
t (j), (12)

where NA
t (j) and NB

t (j) denote the labor demands of firms A and B from industry j. Labor

is homogeneous across industries, there is a unique labor market, and hence all firms face a

common wage Wt. It is easy to see that cost minimization implies the marginal cost Wt

At
.

Let us, without loss of generality, take the perspective of firm A from industry j. This

firm will set its price PA
t (j) to maximize expected profits subject to the constraint of pro-

ducing enough to meet demand. The expression for profits is

ΠA
t (j) = PA

t (j)Y
A
t (j)−WtN

A
t (j) = PA

t (j)Y
A
t (j)− Wt

At

AtN
A
t (j) =[

PA
t (j)−

(
Wt

At

)]
Y A
t (j),

(13)

where
[
PA
t (j) −

(
Wt

At

)]
is the nominal price-cost markup per unit, and where Y A

t (j) is the

production of firm A, which equals the demand for firm A, which will be a function of

the customer base of firm A and the amount of goods purchased by the consumers in such

a customer base12. The profits function of firm A has then three dimensions: raising—

10This makes sense as all industries are alike and there are no industry-specific shocks, so there is no
reason to believe that the price variations of the economy as a whole had to be substantially different from
the price variation of my industry competitor. However, placing different beliefs between the overall and
individual inflation yields qualitatively similar results.

11The results of the paper are of course robust to the presence of capital and more general production
functions, the model just becomes slightly more convoluted but still relatively simple and fully tractable.

12In fact, in a simplified partial-equilibrium model where we assume that all consumers purchase the same
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ceteris paribus—the price of firm A will be profitable because the firm will be charging a

higher markup per unit; however, it will be costly not only because its customers will now

be purchasing less units, but also because the firm will be completely losing some of its

customers, who will be moving away to its industry competitor.

Appendix A.3 shows that, given prices, we can write the profits function of firm A from

industry j as

ΠA
t (j) =

[
PA
t (j)−

(
Wt

At

)]
Y A
t (j) =

[
PA
t (j)−

(
Wt

At

)]∫ PB
t (j)−PA

t (j)

Pt2t
+ 1

2

0

Ct(j, x)dx

=

[
PA
t (j)−

(
Wt

At

)]
P̃ ϵ
tCt

1

(−ϵ+ 1)Ptt{[
PA
t (j) + Ptt

(
PB
t (j)− PA

t (j)

Pt2t
+

1

2

)]−ϵ+1

− [PA
t (j)]

−ϵ+1

}
.

(14)

We can then take the first order condition to get the best response function as a function of

prices {[
PA
t (j) + Ptt

(
PB
t (j)− PA

t (j)

Pt2t
+

1

2

)]−ϵ+1

− [PA
t (j)]

−ϵ+1

}

= (ϵ− 1)

[
PA
t (j)−

(
Wt

At

)]
{[

PA
t (j) + Ptt

(
PB
t (j)− PA

t (j)

Pt2t
+

1

2

)]−ϵ

1

2
− [PA

t (j)]
−ϵ

}
,

(15)

which can be written in terms of inflation rates as

amount regardless of location, we can write the profits expression as ΠA
t =

[
PA
t −

(
Wt

At

)](
PB

t −PA
t

Pt2t
+ 1

2

)
Ct(P

A
t ),

where Ct(P
A
t ) is a downward-slopping demand function. This simple expression is of course not correct in

the general setting.
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{[
(1 + πA

t (j)) + (1 + πt)t

(
πB
t (j)− πA

t (j)

(1 + πt)2t
+

1

2

)]−ϵ+1

− [1 + πA
t (j)]

−ϵ+1

}

= (ϵ− 1)

[
(1 + πA

t (j))−

(
wt

At

(1 + πt)

)]
{[

(1 + πA
t (j)) + (1 + πt)t

(
πB
t (j)− πA

t (j)

(1 + πt)2t
+

1

2

)]−ϵ

1

2
− [1 + πA

t (j)]
−ϵ

}
,

(16)

where the real wage is defined as wt ≡ Wt

Pt
, and which implicitly defines the best response

function of firm A, BRA
(
πB
t (j), πt,

wt

At

)
, as a function of the price inflation of the industry

competitor πB
t (j), the overall inflation πt, and the real marginal cost wt

At
. Firm A’s best

response to its beliefs about the price inflation of the competitor and the overall inflation—

BπB
t (j) and Bπt—would then be BRA

(
BπB

t (j),Bπt ,
wt

At

)
, implicitly defined as

{[
(1 + πA

t (j)) + (1 + Bπt)t

(
BπB

t (j) − πA
t (j)

(1 + Bπt)2t
+

1

2

)]−ϵ+1

− [1 + πA
t (j)]

−ϵ+1

}

= (ϵ− 1)

[
(1 + πA

t (j))−

(
wt

At

(1 + Bπt)

)]
{[

(1 + πA
t (j)) + (1 + Bπt)t

(
BπB

t (j) − πA
t (j)

(1 + Bπt)2t
+

1

2

)]−ϵ

1

2
− [1 + πA

t (j)]
−ϵ

}
,

(17)

where level-0 thinking beliefs are defined as

B0
πB
t (j) ≡ πB

ss(j),

and

B0
πt

≡ πss,

where πB
ss(j) and πss are the steady state levels of πB

t (j) and πt—which are equal—and where

level-k thinking beliefs are defined as

14



Bk
πB
t (j) ≡ Bk

πt
≡ BRB

(
Bk−1
πA
t (j)

,Bk−1
πt

,
wt

At

)
,

where BRB
(
πA
t (j), πt,

wt

At

)
is the best response function of firm B. Following the same ar-

gument as before, one can show that firm B’s best response to its beliefs about the price

inflation of the industry competitor and the overall inflation is implicitly defined from the

expression13

{
[1 + πB

t (j)]
−ϵ+1 −

[
(1 + πB

t (j)) + (1 + Bπt)t

(
1

2
−

πB
t (j)− BπA

t (j)

(1 + Bπt)2t

)]−ϵ+1}

= (ϵ− 1)

[
(1 + πB

t (j))−

(
wt

At

(1 + Bπt)

)]
{
[1 + πB

t (j)]
−ϵ −

[
(1 + πB

t (j)) + (1 + Bπt)t

(
1

2
−

πB
t (j)− BπA

t (j)

(1 + Bπt)2t

)]−ϵ

1

2

}
.

(18)

Notice that the best response functions are time- and industry-independent, as the prob-

lem of the firm is static and industries are all alike.

2.3 Government

The government in this economy consists on a monetary policy rule that determines Mt, and

a fiscal rule that determines Tt. First, I assume that the money supply follows an AR(1)

process in the growth rate

∆ lnMt = (1− ρm)πss + ρm∆ lnMt−1 + ϵm,t, (19)

where ∆ lnMt ≡ lnMt − lnMt−1, ρm ∈ (0, 1), and ϵm,t is a money supply shock.

Second, I assume that the government does no spending, but it just generates revenues

with the lump sum tax Tt and by printing money. Therefore, the government’s budget

13These best responses would also arise from the problem of maximizing the expected profits of the firm,
where such an expectation is taken over a degenerate probability distribution that places all probability
mass on these given beliefs. Notice that a more sophisticated probability distribution that considers a set of
possible outcomes would not have a continuous support but a discrete one, as firm A knows firm B’s best
response function but just does not know the degree of level-k thinking that firm B is applying to form its
beliefs.
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constraint in nominal terms is

0 ≤ PtTt +Mt −Mt−1. (20)

At equality, the lump sum tax must satisfy

Tt = −Mt −Mt−1

Pt

, (21)

which defines a fiscal rule that determines Tt. So, if money growth is positive—Mt > Mt−1—

the lump sum tax will be actually negative, meaning that the government will be rebating

its seignorage revenues to the households.

2.4 Equilibrium and Aggregation

To close the model we need to specify a process for At. I assume that it follows a mean zero

AR(1) process in the log

lnAt = ρa lnAt−1 + ϵa,t, (22)

where ρa ∈ (0, 1), and ϵa,t is a productivity shock.

For simplicity, I will restrict to equilibria where all firms apply the same level-k thinking

when forming their expectations14.

Let us define the aggregate price index Pt as

PtYt ≡
∫ 1

0

PA
t (j)Y

A
t (j) + PB

t (j)Y B
t (j)dj, (23)

where aggregate output is

Yt ≡

(∫ 1

0

Yt(j)
ϵ−1
ϵ dj

) ϵ
ϵ−1

. (24)

Integrating the budget constraint across all households and applying the fiscal rule (21),

the fact that bonds are in zero net supply, and the results from appendix A.1, we get

14The presence of belief heterogeneity would lead to a much more convoluted framework without adding
clear conceptual gains for the purposes of this paper. It does, nevertheless, play an important role in learning
models.
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∫ 1

0

P̃t(i)Ct(i)di = WtNt +Πt,

which, given that the effective price index is homogeneous across households, reduces to

P̃tCt = WtNt +Πt. (25)

Total profits are the aggregation of the profits of all firms across industries

Πt =

∫ 1

0

πA
t (j) + πB

t (j)dj

=

∫ 1

0

[PA
t (j)Y

A
t (j)−WtN

A
t (j)] + [PB

t (j)Y B
t (j)−WtN

B
t (j)]dj

=

∫ 1

0

PA
t (j)Y

A
t (j) + PB

t (j)Y B
t (j)dj −Wt

∫ 1

0

Nt(j)dj

=

∫ 1

0

PA
t (j)Y

A
t (j) + PB

t (j)Y B
t (j)dj −WtNt,

(26)

where Nt(j) ≡ NA
t (j) + NB

t (j) for any j ∈ [0, 1], and where labor market clearing implies

Nt =
∫ 1

0
Nt(j)dj.

Combining both equations we get

P̃tCt =

∫ 1

0

PA
t (j)Y

A
t (j) + PB

t (j)Y B
t (j)dj, (27)

which, from the definition of the aggregate price index, reduces to

P̃tCt = PtYt,

or

1 + π̃t

1 + πt

Ct = Yt, (28)

which is the resource constraint of this economy. Appendix A.4 shows that, in equilibrium,
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(
1 + π̃t

1 + πt

)
=

[
2

[
1 + t

2

]−ϵ+1

− 1

(−ϵ+ 1)t

]− 1
ϵ

, (29)

which is a function of t, equals 1 as t goes to zero, and has a positive first partial derivative

and a negative second partial derivative. This increasing function of t captures aggregate

transportation costs, which are proportional to consumption. When t = 0 there are no trans-

portation costs, 1+π̃t

1+πt
= 1, and Ct = Yt. However, as t increases, aggregate transportation

costs will be higher. Another way to think about this function is as 1+π̃t

1+πt
= 1 + Φ(t), where

Φ(t)Ct would be the aggregate transportation costs15.

Appendix A.4 derives the following equilibrium equations for π̃t,

(1 + π̃t)
1−ϵ =

[
(1 + πA

t ) + (1 + πt)t
1
2

]2−ϵ

+
[
(1 + πB

t ) + (1 + πt)t
1
2

]2−ϵ

(2− ϵ)(1 + πt)t

−(1 + πA
t )

2−ϵ + (1 + πB
t )

2−ϵ

(2− ϵ)(1 + πt)t
,

(30)

and πt,

(1 + πt) = (1 + πA
t )

(
(1 + π̃t)

(1 + πt)

)ϵ
[(

1+πA
t

1+πt

)
+ t

2

]−ϵ+1

−
(

1+πA
t

1+πt

)−ϵ+1

(−ϵ+ 1)t

+(1 + πB
t )

(
(1 + π̃t)

(1 + πt)

)ϵ
[(

1+πB
t

1+πt

)
+ t

2

]−ϵ+1

−
(

1+πB
t

1+πt

)−ϵ+1

(−ϵ+ 1)t
,

(31)

where πA
t = πA

t (j) and πB
t = πB

t (j) for all j ∈ [0, 1], as prices are homogeneous across

industries in equilibrium because of the fact that all industries are identical.

15Notice that this resource constraint is similar to the one in models with menu or Rotemberg adjustment
costs. The difference is that, while in those models the costs enter additively, here they are effectively
a mark-up over consumption. This makes sense as transportation costs at the micro level are per unit
purchased/consumed. Notice also that, to be fully rigorous, the production of each individual firm includes
not only the consumption from its customer base but also its share in the aggregate transportation costs,
paid in terms of final goods. If these shares are distributed as consumption, equation (14) should include the
component 1+π̃t

1+πt
multiplying the consumption function. However, the reason why I am not doing this is for

the sake of simplicity and clarity, as such component is a constant that would cancel out in the first order
conditions and not be part of the best response function anyways, since the firm would not be internalizing
the effect of its price on the aggregate transportation costs.
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Appendix A.4 also derives the aggregate production function as

AtNt = Yt, (32)

and shows that, in equilibrium, πt = πA
t = πB

t . Notice that, from equation (29), π̃t is

always higher than πt. However, they are proportional to each other and have the same time

dynamics.

3 Quantitative Analysis

This section carries out the quantitative analysis based on a calibrated version of the model.

I set the parameters of the utility function to the standard values in macroeconomics σ =

Ψ = η = θ = 1. Also following the standards in the literature, I set the subjective discount

factor equal to β = 0.98, the elasticity of substitution between differentiated industry goods

to ϵ = 6, and I assume a zero inflation steady state, πss = 0.

The parameter t is the transportation cost per unit of distance in the product space of a

given industry. This is a new parameter that determines the degree of market competition

in the economy. I set t = 0.05, which implies that purchasing a unit of an industry good one

unit of distance away from one’s ideal good incurs in a cost or depreciation equivalent to 5%

of a unit of the final good. Appendix B shows the robustness of the results to alternative

calibrations for t.

I consider a shock to the money supply. I set ρm = 0 so that nominal money follows

a random walk and the shock results in a one time permanent shift in Mt, and I set the

standard deviation of the shock to σm = 0.01. I carry out this exercise six times, on six

economies that differ in the level of thinking that firms apply to their beliefs: respectively

characterized by level-0, level-1, level-2, level-3, level-4, and level-5 thinking. Figure 3 shows

the impulse responses from all six exercises together.

In all the six cases, the shock leads to a permanent shift in Mt, since I have set ρm = 0.

Moreover, the nominal interest rate does not move.16 The permanent, upward shift in Mt—

which is then rebated to the households—is a positive demand shock that rises quantities

and prices. We have a rise in consumption and output, together with inflationary pressure;

16This is easy to see from the first order conditions of the household’s problem. Solving forward the
first order condition for money, we get λt = Et

∑∞
j=0 β

t θ
Mt+j

. Since Mt follows a random walk, the shock

will make both λt and λt+1 fall, but by the same amount. From the first order condition for bonds,
λt = βEt[λt+1(1 + it)], this implies that i does not react.
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Figure 3: Impulse Responses
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and also an increase in labor and wages, since labor demand rises. There is also a temporary

rise in the real money balance, mt.

Why are not prices strongly and inmediately rising to the extend of undoing the effect

of the shock as in the RBC model? Consider the case of a given industry j, which has two

competitors located at the extremes of the product space. A positive demand shock will rise

the marginal cost, since that is necessary to get workers to work more. However, the pass-

through from that rise in the marginal cost to the price of the firm will depend on how the

firm predicts that the industry competitor will react. If the firm rises the price unilaterally,

part of its customer base will move away to its industry competitor. Therefore, the firm will

be reluctant to rise its price too much over the price of the industry competitor, since that

would have a detrimental effect on its customer base. Hence, the firm will only be willing

to rise its price significantly when the industry competitor is doing something similar, so

that this price increase is not as negatively perceived by its customer base. That is also the

reason why the effect on output is lower the higher is the level of thinking that the firm

is applying to its beliefs, since those correspond to the belief that the industry competitor

would be rising its price by more17. Figure B.1, in appendix B, shows that the real effects

of the shock slightly decline with t, as a higher t captures a less competitive market where

the customer base of the firm is more captive, and so the firm is more willing to rise prices.

Taylor Rule

This section substitutes the money supply process for the following Taylor rule:

it = (1− ρi)iss + ρiit−1 + (1− ρi)ϕπ(πt − πss) + ϵi, (33)

where iss =
1+πss

β
− 1 is the steady state nominal interest rate, and ϵi is a monetary policy

shock—analogous to the ϵm in the money supply process. Notice that there is no mention

of money in this policy rule specification: given the chosen nominal interest rate, the central

bank will implicitly print the necessary amount of money to meet money demand at that

interest rate. Following the standards in the literature, I set ρi = 0.8 and ϕπ = 1.5. Next, I

set the standard deviation of the shock to σi = 0.01. I consider an expansionary monetary

policy shock and, as before, I carry out the exercise six times, on six economies that differ

in the beliefs of their firms. Figure 4 shows the impulse responses from all six exercises

together.

17Note how the difference in impulse responses from level-k to level-k + 1 thinking will be smaller the
higher is k.
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Figure 4: Impulse Responses under a Taylor rule
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Sticky Wages

One of the main mechanisms of this model rests on the incomplete marginal costs-price pass-

through that derives from firms’ competition for their customer base. Hence, it is natural to

wonder how the model behaves when wages follow more realistic dynamics. An interesting

way to do this would be to model the labor market as in Christiano et al. (2016), who derive

wage inertia endogenously, based on how firms and workers negotiate wages. Instead—with

the aim of maximizing simplicity and clarity—I extend the model introducing Calvo sticky

wages as in Erceg et al. (2000). Appendix B.2 goes through the details of this exercise, where

I set the elasticity of substitution ϵw = 10, and the Calvo parameter ϕw = 0.5. Figure 5

shows the impulse responses of a money supply shock with standard deviation σm = 0.01.

This is exactly the same shock as in figure 3, yet the impulse responses are quantitatively

different. First, we can see that the responses of all real variables roughly double both in size

and duration. This is due to wage inertia: the money supply shock is effectively a positive

demand shock that rises labor demand and puts an upward pressure on wages; however,

the dynamics of wages are now much more sluggish as a result of the Calvo assumption, in

the sense that the initial reaction of wages is much smaller and the overall response is more

prolonged over time. The interaction of the incomplete wage-price pass-through mechanism

with the sluggish dynamics of wages leads to a much more sluggish behavior of prices too18.

As a result, the responses of the real variables in the economy are much more sizable and

prolonged.

Moreover, we can see that the impulse responses of the real variables across levels of

thinking are much more close to each other than in the case of flexible wages.19 In other

words, the pace at which impulse responses get smaller as k gets higher is much slower under

sticky wages than it is under flexible wages.

4 Concluding Remarks

This paper develops a general equilibrium model that combines strategic complementarities—

based on horizontally differentiated markets—with boundedly rational expectations to gen-

erate short-run non-neutrality of monetary and demand shocks with respect to real variables

18Notice how the wage dynamics follow a bit of a hump-shape, which is also passed to inflation. This is a
standard feature of the Calvo assumption.

19As an illustration, with this calibration the impulse responses for output at the time of the shock are
around 64% under level-1 thinking than what they are under level-0 thinking in figure 3, while this number
rises to 96% in figure 5 under sticky wages. Something similar happens to the duration of the responses.
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Figure 5: Impulse Responses under sticky wages
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in line with the evidence. In sharp contrast to the previous literature and leading DSGE

models, I do not impose any sort of exogenous nominal rigidities or ad hoc restrictions to

agents. Instead, price inertia derives as an equilibrium outcome where firms compete for their

customer base in horizontally differentiated markets, which results in a short-run, incomplete

marginal cost-price pass-through.

This paper abstracts from a number of things that go beyond the scope and are left for

future research. First, an alternative way to introduce wage inertia would be to model the

labor market as in Christiano et al. (2016), and derive wage inertia from the way firms and

workers negotiate wages. This would result in a framework where both prices and wages

are free from any sort of exogenously imposed nominal rigidity. Second, the model abstracts

from capital and investment in order to maximize clarity and simplicity, but it is easy to

introduce them. Third, the model abstracts from learning, but it takes the degree of level-k

thinking—which is common across firms—as given. A natural way to introduce learning

would be to have firms that revise their depth of reasoning in response to forecast errors as

in Evans et al. (2024). Learning can be slow (Christiano et al., 2024) and hence its influence

at business cycle frequencies may be limited; however, it opens the door to a very interesting

cross-sectional analysis as it would suggest that the same monetary policy shock would

have different effects in economies characterized by different inflation histories.20 Fourth,

the model takes the degree of market competition as given. I find this to be a reasonable

simplification at business cycle frequencies; however, it can be endogenized by assuming

instead a circular product space where there is firm entry and a certain entry cost. Last, a

natural way to account for the micro-level infrequency of price adjustment in the data would

be to introduce some sort of rational inattention in firms. However, the model does not need

to match this micro-level feature of the data to generate non-neutrality at the aggregate

level, so I consider this to be second-order for the purposes of this paper.

This paper provides microfoundations to the phenomenon of price inertia and short-run

non-neutrality—prevalent in both the empirical evidence and the common understanding of

policymakers—leading to a framework reasonably robust for policy evaluation.

20In particular, this framework—equipped with learning—would predict that the same monetary shock
would be relatively more inflationary in an economy like Argentina than in economies with a recent history
of more stable inflation such as the US or Germany, where it would be relatively more expansionary.
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Appendices

A Technical Appendix

A.1 Optimal Allocation of Consumption Expenditures

For any given household i, optimal behavior requires Ct(i) to be maximized for any given

level of expenditures

Xt(i) ≡
∫ 1

0

[
PA
t (j)C

A
t (j, i)+PB

t (j)CB
t (j, i)

]
dj+Ptt

∫ 1

0

[
x(j, i)CA

t (j, i)+[1−x(j, i)]CB
t (j, i)

]
dj.

This first requires the household to optimally choose the firm that minimizes the effective

cost per unit (price plus transportation cost) in each industry or, in other words, to purchase

from firm A in those industries where x(j, i) ≤ x∗
t (j), and from B otherwise.

We can define the effective price of a unit of industry good j as P̃t(j, i) ≡ [PA
t (j) +

Pttx(j, i)]1{x(j, i) ≤ x∗
t (j)}+[PB

t (j)+Ptt(1−x(j, i))]1{x(j, i) > x∗
t (j)}, which is the effective

cost of a unit of industry good j for household i when behaving optimally. The solution to

the previous problem is then the same as the solution to the problem of maximizing Ct(i)

subject to

∫ 1

0

P̃t(j, i)Ct(j, i)dj = Xt(i),

which can be formalized with the Lagrangian

L =

(∫ 1

0

Ct(j, i)
ϵ−1
ϵ dj

) ϵ
ϵ−1

+ λt

[
Xt(i)−

∫ 1

0

P̃t(j, i)Ct(j, i)dj

]
.

The implied first order condition is

Ct(i)
1
ϵCt(j, i)

− 1
ϵ = λtP̃t(j, i)

so, for any two industries j, j′ ∈ [0, 1], we have that
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Ct(j, i) = Ct(j
′, i)

(
P̃t(j, i)

P̃t(j′, i)

)−ϵ

.

This expression can be plugged in the constraint to get

Ct(j, i) =

(
P̃t(j, i)

P̃t(i)

)−ϵ

Xt(i)

P̃t(i)
,

where P̃t(i) ≡

(∫ 1

0
P̃t(j, i)

1−ϵdj

) 1
1−ϵ

, which can be substituted into the definition of Ct(i) to

get that

P̃t(i)Ct(i) = Xt(i).

Combining the two previous equations we finally get

Ct(j, i) =

(
P̃t(j, i)

P̃t(i)

)−ϵ

Ct(i),

which, for a given household i, defines a set of demand equations for all j ∈ [0, 1].

A.2 Homogeneity of the Effective Aggregate Price Index

This appendix shows that P̃t(i) = P̃t(i
′) = P̃t for any i, i′ ∈ [0, 1].

For a given household i notice that, by definition,

P̃t(i)
1−ϵ =

∫ 1

0

P̃t(j, i)
1−ϵdj =∫ 1

0

[
[PA

t (j) + Pttx(j, i)]1{x(j, i) ≤ x∗
t (j)}+ [PB

t (j) + Ptt(1− x(j, i))]1{x(j, i) > x∗
t (j)}

]1−ϵ

dj.

Let me define θ ≡
∫ 1

0
1{x(j, i) ≤ x∗

t (j)}dj as the proportion of industries where household

i optimally purchases from firm A; and notice that, given that each x(j, i) location is iid

drawn from a continuous uniform [0, 1] distribution, the distribution of locations—for that
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particular household—across industries [x(j, i)]j∈[0,1] is also continuously uniform along the

interval [0, 1]. As no particular order matters, we can relabel the j’s to break up the integral

in the following way:

P̃t(i)
1−ϵ =

∫ θ

0

[
[PA

t (j) + Pttx(j, i)]

]1−ϵ

dj +

∫ 1

θ

[
[PB

t (j) + Ptt(1− x(j, i))]

]1−ϵ

dj.

First, the weak law of large numbers immediately gives us that
∫ θ

0
PA
t (j)dj = θE[PA

t (j)|x ≤
x∗
t (j)] or, in other words, that the integral (sum) of the individual prices of all the industries

where household i’s location falls to the left of the threshold is proportional to the weighted

sum over the entire unit interval, where the weights are the conditional probabilities given

the thresholds x∗
t (j) for all j ∈ [0, 1], and where the proportion is equal to the subset of

industries where x(j, i) ≤ x∗
t (j)

21. Given that the thresholds x∗
t (j)’s are common across

households, E[PA
t (j)|x ≤ x∗

t (j)] is also common across households. Moreover, given iidness

and the continuum of industries, so is the proportion θ ∈ [0, 1]. The following result—which

is a version of the law of large numbers that does not require an identical distribution but

just uncorrelation and finite variance—will be very useful for the rest of this section.

Result 122 (Chebyshev’s L2 law of large numbers). Let X1, X2, ... be random variables

such that E|Xi|2< ∞ for every i. If

1

n2
V ar(X1 + ...+Xn)−−−→

n→∞
0,

then denoting Sn = X1 + ...+Xn,

Sn

n
− E

Sn

n

L2

−−−−→
n→∞

0.

In particular, this holds when the Xi are uncorrelated with bounded variance, that is

V ar(Xi) ≤ M for every i for some M .

Proof. We have

21Actually, the different laws of large numbers do not state equality but different notions of convergence.
However, since we have a continuum of industries, we are already in the limit.

22This result, stated and proved here for convenience, is of course not my own but one of Chebyshev’s
weak laws of large numbers, taken from the probability lecture notes of Tomasz Tkocz of Carnegie Mellon
University.
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E

∣∣∣∣∣Sn

n
− E

Sn

n

∣∣∣∣∣
2

=
1

n2
E|Sn − ESn|2=

1

n2
V ar(X1 + ...+Xn)−−−→

n→∞
0.

Since

V ar(X1 + ...+Xn) =
n∑

i=1

V ar(Xi) + 2
∑

1≤i<j≤n

Cov(Xi, Xj),

when the Xi are uncorrelated with bounded variance, we have

1

n2
V ar(X1 + ...+Xn) ≤

Mn

n2
=

M

n

which goes to 0 as n → ∞. □

Now, for our given household i, consider the set of x(j, i)’s across j ∈ [0, 1] such that

x(j, i) ≤ x∗
t (j). We know that, conditional on such a set, x(j, i) ∼ U[0, xt(j)]. Therefore,

and again conditional on such a set, V ar(x(j, i)) = 1
12
(x∗

t (j))
2 < 1

12
. If we randomly selected

n variable x(j,i)’s out of that set and call them X1, ..., Xn, we would have that

V ar(X1 + ...+Xn) =
n∑

z=1

V ar(Xz) + 2
∑

1≤z<z′≤n

Cov(Xz, Xz′).

But, as these variables are independent, we would have that

V ar(X1 + ...+Xn) =
n∑

z=1

V ar(Xz) =
n∑

z=1

1

12
(x∗

t (j))
2 =

1

12

n∑
z=1

(x∗
t (j))

2 <
n

12
.

Therefore,

1

n2
V ar(X1 + ...+Xn) <

1

n2

n

12
=

1

12n
−−−→
n→∞

0.

Since convergence in L2 implies convergence in probability, the same result would apply

in this case, so that
∫ θ

0
x(j, i)dj = θE[x(j, i)|x(j, i) ≤ x∗

t (j)], which is again a function of the

set of x∗
t (j) for all j ∈ [0, 1] and hence common across households.

The rest of the proof of this section follows from the continuous mapping theorem, which
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states that, given a sequence of random variables {Xn}∞n=1 and X taking values in a metric

space (X , d),

Xn

p

−−−→X =⇒ g(Xn)
p

−−−→g(X),

for all bounded continuous functions g.

By the continuous mapping theorem,
∫ θ

0
Pttx(j, i)dj = θE[Pttx(j, i)|x(j, i) ≤ x∗

t (j)]

(where g(x) = cx for a constant c). Applying again the continuous mapping theorem yields

∫ θ

0

PA
t (j) + Pttx(j, i)dj = θE[PA

t (j) + Pttx(j, i)|x(j, i) ≤ x∗
t (j)]

where g(x, y) = x+ y for two variables x and y. And finally,

∫ θ

0

[PA
t (j) + Pttx(j, i)]

1−ϵdj = θE

[
[PA

t (j) + Pttx(j, i)]
1−ϵ|x(j, i) ≤ x∗

t (j)

]
,

which is again common across households. An equivalent argument follows for the B part of

the integral,
∫ 1

θ
[PB

t (j) + Ptt(1− x(j, i))]1−ϵdj.

A.3 Derivation of Equation (14)

Given prices, we can write the profits function of firm A from industry j as
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ΠA
t (j) =

[
PA
t (j)−

(
Wt

At

)]
Y A
t (j) =

[
PA
t (j)−

(
Wt

At

)]∫ PB
t (j)−PA

t (j)

Pt2t
+ 1

2

0

Ct(j, x)dx

=

[
PA
t (j)−

(
Wt

At

)]∫ PB
t (j)−PA

t (j)

Pt2t
+ 1

2

0

(
P̃t(j, x)

P̃t(x)

)−ϵ

Ct(x)dx

=

[
PA
t (j)−

(
Wt

At

)]∫ PB
t (j)−PA

t (j)

Pt2t
+ 1

2

0

(
P̃t(j, x)

P̃t

)−ϵ

Ctdx

=

[
PA
t (j)−

(
Wt

At

)]
P̃ ϵ
tCt

∫ PB
t (j)−PA

t (j)

Pt2t
+ 1

2

0

[P̃t(j, x)]
−ϵdx

=

[
PA
t (j)−

(
Wt

At

)]
P̃ ϵ
tCt

∫ PB
t (j)−PA

t (j)

Pt2t
+ 1

2

0

[PA
t (j) + Pttx]

−ϵdx

=

[
PA
t (j)−

(
Wt

At

)]
P̃ ϵ
tCt

[
[PA

t (j) + Pttx]
−ϵ+1

(−ϵ+ 1)Ptt

∣∣∣∣∣
PB
t (j)−PA

t (j)

Pt2t
+ 1

2

0

]

=

[
PA
t (j)−

(
Wt

At

)]
P̃ ϵ
tCt

1

(−ϵ+ 1)Ptt{[
PA
t (j) + Ptt

(
PB
t (j)− PA

t (j)

Pt2t
+

1

2

)]−ϵ+1

− [PA
t (j)]

−ϵ+1

}
,

(34)

where the third line follows from the fact that, as shown in Appendix A.2, the effective

aggregate price index is homogeneous across households.

A.4 Equilibrium Results

π̃t equation

From the definition of the effective aggregate price index and Appendix A.2 we have that

P̃ 1−ϵ
t = P̃t(i)

1−ϵ =

∫ 1

0

P̃t(j, i)
1−ϵdj,

for a given i ∈ [0, 1].

Given that we are restricting to equilibria where all firms apply the same level-k thinking
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to the formation of their beliefs and given that—for any given industry j ∈ [0, 1]—both firms

A and B face a symmetric problem, PA
t (j) = PB

t (j) in equilibrium, so x∗(j) = 1
2
. From

random assignment and the continuum of industries, this leads to the fact that household i

will optimally choose to buy from firm A in half of the industries, and from B in the other

half. Moreover, as locations are drawn from a continuous uniform [0, 1] distribution, the

distribution of locations—for that particular household i—across industries
[
x(j, i)

]
j∈[0,1]

is

also continuously uniform along the interval [0, 1]. Since the particular order of the j ∈ [0, 1]

index does not matter, one can relabel the j’s to be equal to the exact location of household

i in such particular industry, and then we can break up the integral of the expression above

in the following way

P̃ 1−ϵ
t = P̃t(i)

1−ϵ =

∫ 1
2

0

[
PA
t (j) + Pttj

]1−ϵ

dj +

∫ 1

1
2

[
PB
t (j) + Ptt(1− j)

]1−ϵ

dj.

Dividing by P 1−ϵ
t−1 and noticing that—since all industries are identical and beliefs are

homogeneous—the optimal prices for firms A and B will be the same across industries in

equilibrium, we get that

(1 + π̃t)
1−ϵ =

∫ 1
2

0

[
(1 + πA

t ) + (1 + πt)tj
]1−ϵ

dj +

∫ 1

1
2

[
(1 + πB

t ) + (1 + πt)t(1− j)
]1−ϵ

dj,

where πA
t = πA

t (j) and πB
t = πB

t (j) for all j ∈ [0, 1]. The two components of this equation

can be written as

∫ 1
2

0

[
(1 + πA

t ) + (1 + πt)tj
]1−ϵ

dj =

[
(1 + πA

t ) + (1 + πt)tj
]2−ϵ

(2− ϵ)(1 + πt)t

∣∣∣∣∣∣∣
1
2

0

=

[
(1 + πA

t ) + (1 + πt)t
1
2

]2−ϵ

(2− ϵ)(1 + πt)t
− (1 + πA

t )
2−ϵ

(2− ϵ)(1 + πt)t
,

and
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∫ 1

1
2

[
(1 + πB

t ) + (1 + πt)t(1− j)
]1−ϵ

dj =

[
(1 + πB

t ) + (1 + πt)t(1− j)
]2−ϵ

(2− ϵ)(−(1 + πt)t)

∣∣∣∣∣∣∣
1

1
2

=

[
(1 + πB

t ) + (1 + πt)t
1
2

]2−ϵ

(2− ϵ)(1 + πt)t
− (1 + πB

t )
2−ϵ

(2− ϵ)(1 + πt)t
,

so the π̃t equation reduces to

(1 + π̃t)
1−ϵ =

[
(1 + πA

t ) + (1 + πt)t
1
2

]2−ϵ

+
[
(1 + πB

t ) + (1 + πt)t
1
2

]2−ϵ

(2− ϵ)(1 + πt)t

−(1 + πA
t )

2−ϵ + (1 + πB
t )

2−ϵ

(2− ϵ)(1 + πt)t
.

πt equation

Recall the definition of the aggregate price index

PtYt ≡
∫ 1

0

PA
t (j)Y

A
t (j) + PB

t (j)Y B
t (j)dj,

and consider a particular industry j ∈ [0, 1]. Since both firms choose the same price in

equilibrium, the market will be equally split and x∗
t (j) =

1
2
. Since households are uniformly

distributed across the product space of industry j, and since the particular order of the

i ∈ [0, 1] index does not matter, one can relabel the i’s to be equal to the exact location of

each household in the [0, 1] interval of industry j. Then, we can compute Y A
t (j) and Y B

t (j)

of industry j as
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Y A
t (j) =

∫ 1
2

0

1 + π̃t

1 + πt

Ct(j, i)di =

∫ 1
2

0

1 + π̃t

1 + πt

(
P̃t(j, i)

P̃t(i)

)−ϵ

Ct(i)di

=

∫ 1
2

0

1 + π̃t

1 + πt

(
P̃t(j, i)

P̃t

)−ϵ

Ctdi =

∫ 1
2

0

(
P̃t(j, i)

P̃t

)−ϵ

Ytdi

=

∫ 1
2

0

P̃t(j, i)
−ϵP̃ ϵ

t Ytdi = P̃ ϵ
t Yt

∫ 1
2

0

P̃t(j, i)
−ϵdi = P̃ ϵ

t Yt

∫ 1
2

0

[
PA
t + Ptti

]−ϵ

di

= P̃ ϵ
t Yt

[
[PA

t + Ptti]
−ϵ+1

(−ϵ+ 1)Ptt

∣∣∣∣∣
1
2

0

]
= P̃ ϵ

t Yt

[PA
t + Ptt

1
2
]−ϵ+1 − [PA

t ]
−ϵ+1

(−ϵ+ 1)Ptt
,

and

Y B
t (j) =

∫ 1

1
2

1 + π̃t

1 + πt

Ct(j, i)di =

∫ 1

1
2

1 + π̃t

1 + πt

(
P̃t(j, i)

P̃t(i)

)−ϵ

Ct(i)di

=

∫ 1

1
2

1 + π̃t

1 + πt

(
P̃t(j, i)

P̃t

)−ϵ

Ctdi =

∫ 1

1
2

(
P̃t(j, i)

P̃t

)−ϵ

Ytdi

=

∫ 1

1
2

P̃t(j, i)
−ϵP̃ ϵ

t Ytdi = P̃ ϵ
t Yt

∫ 1

1
2

P̃t(j, i)
−ϵdi = P̃ ϵ

t Yt

∫ 1

1
2

[
PB
t + Ptt(1− i)

]−ϵ

di

= P̃ ϵ
t Yt

[
[PB

t + Ptt(1− i)]−ϵ+1

(−ϵ+ 1)(−Ptt)

∣∣∣∣∣
1

1
2

]
= P̃ ϵ

t Yt

[PB
t + Ptt

1
2
]−ϵ+1 − [PB

t ]−ϵ+1

(−ϵ+ 1)Ptt
.

Plugging both expressions in the definition of the aggregate price index and noticing

that, in equilibrium, both prices and quantities are homogeneous across industries, we get

PtYt = PA
t P̃

ϵ
t Yt

[PA
t + Ptt

1
2
]−ϵ+1 − [PA

t ]
−ϵ+1

(−ϵ+ 1)Ptt
+ PB

t P̃ ϵ
t Yt

[PB
t + Ptt

1
2
]−ϵ+1 − [PB

t ]−ϵ+1

(−ϵ+ 1)Ptt
,

where PA
t = PA

t (j) and PB
t = PB

t (j) for all j ∈ [0, 1]. This equation can be written in terms

of inflation rates as

39



(1 + πt) = (1 + πA
t )

(
(1 + π̃t)

(1 + πt)

)ϵ
[(

1+πA
t

1+πt

)
+ t

2

]−ϵ+1

−
(

1+πA
t

1+πt

)−ϵ+1

(−ϵ+ 1)t

+(1 + πB
t )

(
(1 + π̃t)

(1 + πt)

)ϵ
[(

1+πB
t

1+πt

)
+ t

2

]−ϵ+1

−
(

1+πB
t

1+πt

)−ϵ+1

(−ϵ+ 1)t
.

Aggregate Production Function

Recall that the production function of firm A from industry j is Y A
t (j) = AtN

A
t (j). From

labor market clearing we have that

AtNt = At

∫ 1

0

Nt(j)dj =

∫ 1

0

AtNt(j)dj =

∫ 1

0

At[N
A
t (j) +NB

t (j)]dj

=

∫ 1

0

AtN
A
t (j)dj +

∫ 1

0

AtN
B
t (j)dj =

∫ 1

0

Y A
t (j)dj +

∫ 1

0

Y B
t (j)dj.

Using the results from the previous section we get that

AtNt = P̃ ϵ
t Yt

{
[PA

t + Ptt
1
2
]−ϵ+1 − [PA

t ]
−ϵ+1

(−ϵ+ 1)Ptt
+

[PB
t + Ptt

1
2
]−ϵ+1 − [PB

t ]−ϵ+1

(−ϵ+ 1)Ptt

}
,

which can be written as

AtNt = Yt

(
1 + π̃t

1 + πt

)ϵ{[(1+πA
t

1+πt

)
+ t

2

]−ϵ+1

+
[(

1+πB
t

1+πt

)
+ t

2

]−ϵ+1

(−ϵ+ 1)t

−

[(
1+πA

t

1+πt

)]−ϵ+1

+
[(

1+πB
t

1+πt

)]−ϵ+1

(−ϵ+ 1)t

}
.
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Claim: πt = πA
t = πB

t

I have argued that, in equilibrium, PA
t (j) = PB

t (j) for any industry j ∈ [0, 1]. Moreover,

the fact that all industries are alike leads to πA
t (j) = πA

t and πB
t (j) = πB

t for any j ∈ [0, 1].

Therefore, πA
t = πB

t . This section shows that πt = πA
t = πB

t .

To show this, we can depart from the π̃t equation, which reduces to

(1 + π̃t)
1−ϵ = 2

[
(1 + πA

t ) + (1 + πt)t
1
2

]2−ϵ

− (1 + πA
t )

2−ϵ

(2− ϵ)(1 + πt)t

after applying the fact that πA
t = πB

t . This equation can be written as

(
1 + π̃t

1 + πt

)−ϵ+1

= 2

[(
1+πA

t

1+πt

)
+ t

2

]2−ϵ

−
(

1+πA
t

1+πt

)2−ϵ

(2− ϵ)t
,

which is true for all ϵ > 2. Let’s make the change of variables ϵ = y + 1, so

(
1 + π̃t

1 + πt

)−y

= 2

[(
1+πA

t

1+πt

)
+ t

2

]1−y

−
(

1+πA
t

1+πt

)1−y

(1− y)t
,

which is true for all y > 1. But this implies that

1

2
=

(
1 + π̃t

1 + πt

)y
[(

1+πA
t

1+πt

)
+ t

2

]1−y

−
(

1+πA
t

1+πt

)1−y

(1− y)t

for all y > 1. Now, recall the πt equation

(1 + πt) = (1 + πA
t )

(
(1 + π̃t)

(1 + πt)

)ϵ
[(

1+πA
t

1+πt

)
+ t

2

]−ϵ+1

−
(

1+πA
t

1+πt

)−ϵ+1

(−ϵ+ 1)t

+(1 + πB
t )

(
(1 + π̃t)

(1 + πt)

)ϵ
[(

1+πB
t

1+πt

)
+ t

2

]−ϵ+1

−
(

1+πB
t

1+πt

)−ϵ+1

(−ϵ+ 1)t
.

Combining the two previous results we get that
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(1 + πt) = (1 + πA
t )

1

2
+ (1 + πB

t )
1

2
,

so πt = πA
t = πB

t . Notice that this is true regardless of the specific beliefs of the firms, as

long as these beliefs are homogeneous across firms so that they end up choosing the same

price in equilibrium.

Understanding the Resource Constraint

The previous section shows that

(
1 + π̃t

1 + πt

)ϵ
[(

1+πA
t

1+πt

)
+ t

2

]1−ϵ

−
(

1+πA
t

1+πt

)1−ϵ

(1− ϵ)t
=

1

2
.

Applying the fact that πt = πA
t = πB

t , the equation reduces to

(
1 + π̃t

1 + πt

)
=

[
2

[
1 + t

2

]−ϵ+1

− 1

(−ϵ+ 1)t

]− 1
ϵ

,

which is the term that multiplies consumption in the resource constraint and is a function

of t. This section explores the properties of this term. In particular, and given that t > 0,

I analyze what happens as t goes to zero, and I compute the partial derivative with respect

to t.

First, let me define g(t) ≡ 2
[1+ t

2
]−ϵ+1−1

(−ϵ+1)t
, and let us calculate the limit of g(t) as t goes to

zero with the application of L’Hopital’s rule as

lim
t→0

g(t) = lim
t→0

2
[1 + t

2
]−ϵ+1 − 1

(−ϵ+ 1)t
= lim

t→0
2
(−ϵ+ 1)[1 + t

2
]−ϵ 1

2

(−ϵ+ 1)
= 1.

Therefore,

lim
t→0

(
1 + π̃t

1 + πt

)
= lim

t→0
[g(t)]−

1
ϵ = 1.

Second, let us analyze the partial derivative of
(

1+π̃t

1+πt

)
with respect to t
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∂
(

1+π̃t

1+πt

)
∂t

=
(
− 1

ϵ

)[
2

[
1 + t

2

]−ϵ+1

− 1

(−ϵ+ 1)t

]− 1
ϵ
−1

2

∗
(−ϵ+ 1)2[1 + t

2
]−ϵ t

2
− (−ϵ+ 1)[(1 + t

2
)−ϵ+1 − 1]

(−ϵ+ 1)2t2
.

It is easy to see that this term will be positive if, and only if,

(−ϵ+ 1)
[(

1 +
t

2

)−ϵ+1

− 1
]
> (−ϵ+ 1)2

[
1 +

t

2

]−ϵ t

2

⇐⇒
(
1 +

t

2

)−ϵ[
1 +

t

2
− (−ϵ+ 1)

t

2

]
< 1.

Let me define f(t) ≡
(
1 + t

2

)−ϵ[
1 + t

2
− (−ϵ+ 1) t

2

]
. Notice that f(0) = 1, and

∂f(t)

∂t
= −ϵ

(
1 +

t

2

)−ϵ−1(1
2

)[
1 +

t

2
− (−ϵ+ 1)

t

2

]
+
(
1 +

t

2

)−ϵ[1
2
− 1

2
(−ϵ+ 1)

]
=
(
1 +

t

2

)−ϵ( ϵ
2

)(−ϵ+ 1)t

2 + t
< 0,

as ϵ > 2. Therefore, f(t) < 1 for all t > 0, so
∂

(
1+π̃t
1+πt

)
∂t

> 0.

One can also show that the second derivative is negative, although that involves a sig-

nificant amount of algebra. Given that the expression has only one parameter, ϵ, figure A.1

shows a graphical representation for the particular case where this parameter is, say, ϵ = 6.

Understanding the Aggregate Production Function

The aggregate production function, as calculated above, is
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Figure A.1: 1+π̃t

1+πt
as a function of t.

AtNt = Yt

(
1 + π̃t

1 + πt

)ϵ{[(1+πA
t

1+πt

)
+ t

2

]−ϵ+1

+
[(

1+πB
t

1+πt

)
+ t

2

]−ϵ+1

(−ϵ+ 1)t

−

[(
1+πA

t

1+πt

)]−ϵ+1

+
[(

1+πB
t

1+πt

)]−ϵ+1

(−ϵ+ 1)t

}
.

Applying the fact that, in equilibrium, πt = πA
t = πB

t we get

AtNt = Yt

(
1 + π̃t

1 + πt

)ϵ

2

(
1 + t

2

)−ϵ+1

− 1

(−ϵ+ 1)t
,

but in the previous section we found that

(
1 + π̃t

1 + πt

)
=

[
2

[
1 + t

2

]−ϵ+1

− 1

(−ϵ+ 1)t

]− 1
ϵ

,

so the aggregate production function reduces to
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AtNt = Yt.
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B Quantitative Appendix

B.1 Alternative Calibrations

Figure B.1: Impulse Responses for different t calibrations and level-0 thinking.
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B.2 Sticky Wages

This section introduces the details about expanding the model with sticky wages as in Erceg

et al. (2000). Households supply differenciated labor input that is then “packed” into a

bundled labor input that is sold to firms. The profit maximization problem of a labor packer

or union that aggregates labor with a CES function—with elasticity of substitution ϵw > 1—

produces the following downward slopping demand for labor

Nt(i) =

(
Wt(i)

Wt

)−ϵw

Nt,

where

Nt =

(∫ 1

0

Nt(i)
ϵw−1
ϵw di

) ϵw
ϵw−1

,

and

Wt =

(∫ 1

0

Wt(i)
1−ϵwdi

) 1
1−ϵw

.

The problem of the households is slightly different because they are now supplying dif-

ferentiated labor and setting their own wage. The optimal allocation of consumption ex-

penditures result derived in Appendix A.1, and the homogeneity of the effective aggregate

price index result derived in Appendix A.2 still hold without changes. Moreover, the fact

that preferences are separable in consumption and leisure and markets are complete, allows

us to apply the Erceg et al. (2000) result so that households will only differ in the wage they

charge and their labor supply.

The rest of derivations are standard and I will omit most details not to make this

appendix overly long. The problem of a household that chooses its own wage to maximize

utility subject to labor demand, and subject to the Calvo assumption, results in the wage

setting equation

w#,ϵwη+1
t =

ϵw
ϵw − 1

H1,t

H2,t

,

where w#
t is the reset wage, and where
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H1,t = Ψw
ϵw(1+η)
t N1+η

t + (βϕw)Et(1 + πt+1)
ϵw(1+η)H1,t+1,

and

H2,t = C−σ
t

1 + πt

1 + π̃t

wϵw
t Nt + (βϕw)Et(1 + πt+1)

ϵw−1H2,t+1.

Lastly, in equilibrium,

w1−ϵw
t = (1− ϕw)w

#,1−ϵw
t + ϕww

1−ϵw
t−1 (1 + πt)

ϵw−1.

The resource constraint does not change and the rest of equilibrium results also hold.
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