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Abstract

This thesis contributes to our understanding of variations in labor productivity over
the business cycle, and the long run decline in labor income share. Chapter 2 develops
and analyzes a general equilibrium model with goods’ market frictions, heterogeneous
firms, and consumer sentiments. I use the model to demonstrate that the interactions
among these features of the model leads to new and interesting results. Firstly, aver-
age product of labor can be positively or negatively related to expected real income.
Secondly, under certain conditions, lower priced firms not only sell to a larger market,
but also have higher markups. Lastly, firm level pass through of firms’ idiosyncratic
shocks and sentiment shocks, their elasticities of output and employment with re-
spect to sentiment shocks can be complex. Chapter 3 constructs a stochastic general
equilibrium model in which business cycles are driven by changes in sentiments to ex-
plain the Labor Productivity Puzzle. In recessions, increased search by consumers - an
endogenous rise in the average number of prices observed by consumers - causes expen-
ditures to be reallocated to the more productive firms. This effect causes employment
to fall relative to output and increases APL. At the same time, less productive firms
can also be insulated from a fall in demand by lower marginal labor costs during the
recessions. This effect causes employment to rise relative to output and decreases
APL. In calibrated versions of the model, I find that the former effect dominates over
time and the theory is able to explain over three quarters of the decline in the fall in
the volatility of APL and a sizable decline in the volatility of employment. Chapter 4
studies the causes of labor share decline in the retail sector. I provide microeconomic
evidence that lower price retailers not only enjoy higher revenue productivities and
market shares, but they also have lower labor share. Extending the framework in
Chapter 2 to allow for capital accumulation, I show that the decline in labor income
share can be caused by reallocation of market shares to high productivity firms as a
result of technological adoptions that increase consumer search.
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Chapter 1

Introduction

In this thesis, I consider interactions among consumer search, household expectations

(or sentiments) and the dynamics of industries comprised of heterogeneous firms. I

show that these interactions have interesting and novel implications for several issues

both for long-run industry characteristics and short-run aggregate fluctuations (the

business cycle).

1.1 Motivation and Approach

Until recently, both consumer search and firm heterogeneity have largely been ab-

stracted from the macroeconomic literature. Typically in this literature, goods are

traded in Walrasian markets and therefore, by assumption, aggregate demand either

plays no role (e.g., consider the standard neoclassical model), or its role stems only

from the assumption that monopolistic firms are required to trade goods at prices

that are not equilibrium prices (e.g. consider the sticky-price New Keynesian model).

However, recent microeconomic evidence on firm heterogeneity in productivity, prices
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and markups and observed changes over time in the nature of the business cycle, have

cast doubts on the assumptions underlying these models and thus on the appropri-

ateness of policy prescriptions based on those models.

This dissertation makes several novel contributions both theoretically and em-

pirically. It uses tools and insights from the literatures on industrial organization,

international trade and search theory to study several long-standing issues, includ-

ing variations in aggregate labour productivity and movements in aggregate markups

over the business cycle and the evolution of factor income shares. It delivers testable

implications concerning the relationships between prices, markups and labor shares

across firms which differ in their productivity. In addition, the analysis develops novel

ways to measure the dispersion of firm-level sales within industries.

In Chapter 2, I develop and analyze a general equilibrium model with goods’ mar-

ket frictions, heterogeneous firms and expectations driven by consumer sentiments. I

use the model to better understand relationships among consumer expectations and

both firm and industry level variables. In particular, I examine the effects of perma-

nent changes in consumer sentiments on firms’ prices and markups; on the number

and types of firms operating in an industry; on price dispersion in an industry; on

industry average markups and productivity and on industry output. These relation-

ships are complex in the environment I study primarily because the degree of firms’

market power is endogenous and depends on consumer behaviour, firm entry and exit,

and the degree of firm heterogeneity.

These features of the model interact in ways that lead to new and interesting

results. Firstly, the average product of labor can be positively or negatively related to

expected real income depending on goods market fundamentals, such as the shopping
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technology (i.e., contact frequency) and the underlying distribution of costs. Secondly,

under certain conditions, lower priced firms not only sell to a larger market, but also

have higher markups. Lastly, the pass-through of cost changes to prices is incomplete

and nonlinear in firms’ cost levels.

In Chapter 3, I construct a stochastic general equilibrium model in which the

business cycle is driven by changes in consumer sentiments. Cyclical variation in con-

sumer search interacts with entry of heterogeneous firms to generate fluctuations in

the average product of labour (APL). The model is capable of delivering either pro-

cyclical or countercyclical movements in the APL depending on the relative strength

of three effects of consumer sentiments. These effects are associated with the max-

imum cost at which firms will choose to enter the market (the Cost Cut-off Effect,

CCE), the composition of the firms regarding their individual productivities (the

Composition Effect, CPE) and the market power of firms dictated by the extent to

which consumers on average sample multiple stores (the Market Power Effect, MPE).

In recessions, more search by households as consumers (i.e., an endogenous in-

crease in the number of shoppers that sample multiple stores) causes expenditure to

be reallocated to more productive firms. This effect, which I call the composition

of firms effect, causes employment to fall relative to output and increases the APL.

At the same time, less productive firms may also be insulated from a fall in demand

by facing lower marginal labour costs during the recessions. This effect, which I call

the cost cut-off effect, causes employment to rise relative to output and decreases the

APL.

In a version of the model calibrated to match differences in firm level markups,

price dispersion and the volatility of consumption, variation in the market power of

3



firms is able to explain over three-quarters of the decline in the fall in the observed

volatility of the APL and a sizable share of the decline in the volatility of employment

observed post-1984 relative to the pre-1984 period. This result contrasts starkly with

the implication of most models in the existing literature. Typically in those theories,

counterfactual movements in the volatility of employment are required to generate

quantitatively the observed fall in the procyclicality of the APL.

In Chapter 4, I propose an explanation for the causes of an observed decline in

labour share in the retail sector. The chapter makes two contributions. Firstly, I

provide microeconomic evidence that links a firm’s price to its revenue productivity,

labor share and market share. Three important regularities I uncover are as follows.

Firstly, lower price retailers have higher revenue productivies, lower labor shares and

sell to a larger market. Secondly, the decline in retail labor share is associated with an

increase in the value added and the market shares of lower priced retailers. Finally,

the decline in labor share occurred in the same period in which other authors have

documented an increase in shopping intensity by consumers.

I then extend the model in Chapter 2 to allow for capital accumulation by house-

holds. In the theory, search frictions prevent consumers from observing all prices

posted by different firms and thus give rise to market power. Technological progress

that increases the subset of prices observed by consumers, causes downward pressure

on firms’ prices. Less productive firms are, however, constrained from lowering their

prices by their high cost of production. Therefore, in the face of increased competi-

tion caused by consumers’ improved ability to identify different sellers, more frequent

purchases are made at the lower-priced firms. As these are also the firms that have

low labor share and high revenue productivity, this reallocation causes an increase in
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the share of the lower price firms in total value added, causing, in turn, labor and

capital shares to decline and profit shares to increase. Under certain conditions, sales

weighted average markups also increase.

1.2 Contribution and Related Literature

The theory explored in this thesis is motivated by well established empirical evidence

on consumer shopping behavior and firm heterogeneity in prices and markups. With

regard to search, it has been observed that identical goods are often sold at signifi-

cantly different prices both by different firms in similar locations and across different

locations by the same firm. This type of dispersion cannot be sustained without lim-

its to arbitrage; here I have in mind incomplete information on prices due to costly

search. Second, time use studies typically find that negative shocks to consumers

expected future income not only causes them to buy less but also to search harder,

resulting in lower consumption expenditure driven in part by a reduction in aver-

age prices paid (Aguiar and Hurst, 2005; Coibion, Goronidchenko and Hong, 2014).

These empirical findings suggest that consumer search activities could be instrumen-

tal for understanding aggregate price and consumption dynamics over the business

cycle. Finally, recent establishment-level studies provide evidence that lower price

manufacturers have higher markups (De Loecker et. al., 2016).

While several papers use consumer search to understand variation in prices and

productivity over the business cycle (Bai et. al., 2013; Kaplan and Menzio, 2016;

Alessandria, 2009), none of these studies the re-allocative effect that search has on the

distributions of sales and markups across heterogeneous firms. This omission could

be consequential, in particular, for welfare analysis as increased search intensity (for
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example) in the presence of firm heterogeneity may lead to improved welfare through

lower prices. Through this, it may also lead to less volatility in both employment and

the APL over the business cycle.

The theory also makes an additional contribution, in that it shows that inde-

terminacy can arise from the composition of aggregate output due to endogenous

variations in entry costs and the size of the market despite constant returns to scale

in both the production and matching technologies. Moreover, this indeterminacy can

be global. This result contrasts sharply with those arising from many expectations-

driven business cycle models (e.g. Benhabib and Farmer, 1994; Farmer and Guo 1994;

Gali 1994; Schmitt-Grohe 1997). In those models, local indeterminacy of the steady

state is typically required to generate fluctuations driven by sunspots. Because many

structural parameters jointly determine the eigenvalues of a dynamic model near the

steady state, the reliance on local indeterminacy imposes severe restrictions on the

structures of the economy. As a result, slight modifications of those models, such

as preferences and production, can eliminate indeterminacy. This is not true of the

models studied in this thesis.

More recently, Wang and Wen (2008) obtain global indeterminacy in a DSGE

model in which self-fulfilling fluctuations are caused by changes in the expected com-

position of aggregate demand for intermediate goods produced by monopolistically

competitive firms. Kaplan and Menzio (2016) obtain indeterminacy in a model of

frictional unemployment where fluctuations are caused by changes in the expected

value of employment that results from heterogeneity in workers’ search intensity. In

a model closely related to that studied here, Farmer (2010) obtains non-fundamental

fluctuations by letting wages be determined by sentiments. His framework, however,
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features a frictionless goods market. As a result, sentiments generate a negative

correlation between real wages and output, a feature inconsistent with the data.

The analysis in Chapter 3 is related to a small but growing literature that seeks

to understand the observed decline over time of the positive correlation of the APL

with aggregate output over the business cycle. The existing papers in this literature

all have a common feature: They suggest that it is necessary to attribute a much

larger role of labor market institutions in explaining this change in cyclicality of the

APL, such as reduced firing restrictions and costs (Gali and van Rens, 2014), and

selective firing that improves the quality of the workforce in recessions (Berger, 2016).

In many of these models, a counterfactual movement in the volatility of employment

is required to generate a fall in the procyclicality of the APL.

Recently, Prescott and McGrattan (2014) argue that cyclical movements of the

APL in recent recessions is influenced substantially by mismeasurement of output

due to intangible assets. The theory studied here also applies to sector where output

is traditionally difficult to measure because firms’ market shares, possibly due to

variations in consumers’ activities, amounts to a form of intangible capital. In this

sense, it provides a structural example to the type of the effect that Prescott and

McGrattan identify.

With regard to the evolution of factor income shares, Chapter 4 is closely related

to the several recent papers; Karabarbounis and Neiman (2014), Piketty and Zucman

(2014), Rognlie (2015), Elsby et. al (2013), Bentolila and Saint-Paul (2003), Azmat

et al. (2012) and Poschke et al (2016). All of these studies, however, are primarily

concerned with finding an aggregate explanation for the decline in labor share, and

hence, are silent on adjustments at the micro (i.e. firm) level.
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The approach taken in this dissertation focuses on firms and industry dynamics to

study changes in labor share. The theory I developed is closely related to three recent

empirical papers concerning retail productivity, firm heterogeneity in their cost pass

through and cyclical variations in goods market frictions. Firstly, Lagakos (2016)

document significant cross countries differences in labor productivity in the retail

trade sector, and these are attributable to differences in the shopping technologies

adopted by consumers. Secondly, concerning firm heterogeneity in cost pass through

and the relationship between markups and competition, De Loecker et al. (2016)

study markups, prices and pass through in the context of trade liberalization. They

find that a reduction in production and entry costs, following a trade liberalization,

is not fully pass through to consumer prices, suggesting firms absorb parts of the

cost reduction into their markups. Under certain conditions, incomplete cost pass

through of technology shocks is also a feature of the model studied here. However,

how markups vary following a reduction in production and entry costs depends on

the shopping technology and underlying cost distribution. Finally, concerning cyclical

variations in goods market frictions, Hall (2014) argues that in recessions, an increase

in goods market frictions prevents profit margins from rising despite decreased labor

share. In the current model, these frictions arise due to a positive search externality

as increased search causes reallocation of market shares to lower priced firms that

have lower labor share. The economy considered in the model can therefore be seen

as providing a structural example to the type of product market frictions that Hall

identifies.

8



1.3 Organization of the Thesis

The remainder of the thesis is organized as follows. Chapter 2 describes a general

environment featuring consumer search and entry of heterogeneous firms. This envi-

ronment is used to study long-run (i.e. steady-state) relationships among consumer

sentiments, prices, mark-ups and productivity. The model is extended in Chapter

3 to feature aggregate fluctuations driven aggregate demand shocks emanating from

movements over time in consumer sentiments. A calibrated version of the economy

is used to study the decline over time in the correlation between aggregate output

and the APL. Chapter 4 extends the model of Chapter 2 to allow for a more general

matching technology and possibly capital accumulation. This model is used to study

long-run changes in the retail sector, such as changes in labour share, as opposed

to the aggregates studied in Chapters 2 and 3. Chapter 5 concludes and describes

directions for future work.
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Chapter 2

A General Equilibrium Model of

Consumer Search and Entry of

Heterogeneous Firms

2.1 Introduction

In this chapter, I develop and analyze a general equilibrium model with goods’ market

frictions, heterogeneous firms, and consumer sentiments. I use the model to better

understand relationships between consumer expectations and firm- and industry-level

variables. In particular, I examine the effects of permanent changes in consumer senti-

ments on firms’ prices and markups, on the number of firms operating in an industry,

on price dispersion in an industry, on industry average markups and productivity,

and on industry output. These relationships are complex in the environment I study

primarily because the degree of firms’ market power is endogenous and depends on

consumer behaviour, firm entry and exit, and the degree of firm heterogeneity. I
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demonstrate that the interactions among these features of the model leads to new

and interesting results.

The modelling approach I take is motivated by microeconomic empirical evidence

on households, firms, and industries. On the household side, empirical evidence on

consumer shopping behavior provides some insight into one margin of adjustment by

households in response to changes in their expectations regarding their future income.

In particular, time use studies typically find that negative shocks to consumers’ ex-

pected future income not only causes them to buy less, but also to search harder

for lower prices which results in lower overall household consumption expenditure

(Aguiar and Hurst, 2005; Coibion, Goronidchenko and Hong, 2014).

Regarding firms and industries, it has been observed that identical goods are often

sold at different prices across different locations by the same firm. Furthermore, some

recent establishment-level studies provide evidence that lower price manufacturers

have higher markups (De Loecker et. al., 2016).

These empirical regularities suggest the presence of limits to arbitrage which sus-

tains price dispersion such as incomplete information on prices available to consumers.

However, the findings of a negative correlation between firms’ prices and markups

cannot be captured in consumer search models that feature identical firms, such as

Burdett and Judd (1983), Alessandria (2009), and Kaplan and Menzio (2016). In

those models, lower price firms always have lower markups.

With these empirical regularities in mind, I incorporate costly search (Burdett

and Judd, 1983; Alessandria, 2009) into industry models with free entry and exit

that feature heterogeneous firms (Hopenhayn, 1992; Melitz, 2003). I extend these

models in two primary ways. First, in contrast to Burdett and Judd (1983) and
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Alessandria (2009), the number of price quotes that could be observed by a consumer

is endogenous, and depends on the aggregate measure of firms in the goods market.

As such, permanent changes in consumer expectations (or other shocks) that increase

the measure of firms in the goods market also increase the subset of prices that could

be observed by consumers, and this mitigates firms’ market power.

Secondly, in contrast to Hopenhayn (1992) and Melitz (2003), which features mo-

nopolistic competition, the degree of “competiveness” in the goods’ market is an

endogenous outcome of the model. These features give rise to a search externality

because while the number of prices observed by an individual consumer is endoge-

nous, it is taken as given by both firms and consumers. Such an externality is always

positive in the current model for two reasons. Firstly, it causes firms to reduce their

markups. Secondly, this externality induces a reallocation of sales from the less to

the more productive firms, which increases average industry productivity. These pre-

dictions stand in contrast to models where the terms of trade are determined through

bargaining mechanisms (Pissarides, 1982). In those models, search externalities can

be positive or negative.

The theory developed in this chapter is also useful for illuminating an aspect of

posted price dispersion that has not been explored in the literature that investigates

the misallocation of inputs (i.e., Hsieh and Klenow, 2008). In many models, posted

price dispersion exists because firms discriminate across informed and uninformed

consumers and dispersion of this type is often seen as a form of market imperfection.

However, if firms have different costs, and to the extent that prices reflect firms costs,

then posted price dispersion can be used as device for consumers to identify the more

productive, lower-priced firms. In this sense, posted price dispersion could mitigate
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a misallocation of inputs. This aspect of posted price dispersion cannot be captured

in models where search is absent and where the nature of competition is assumed.

Whether posted price dispersion is a reflection of market imperfections or a screening

tool for consumers thus depends on both the distribution of firms’ costs and the search

technology in questions.

Finally, the model developed in this chapter also sheds light on the relationship

between competition and markups. If the more productive firms post lower prices and

have higher markups, an increase in competition, measured in terms of the average

number of price quotes observed by shoppers, can lead to a concentration of sales in

the lowered priced firms and causes sales weighted average markups to rise. For this

reason, the negative relationship between competition and markups will not hold in

general. In this respect, the paper is also closely related to theoretical contributions

by Rosentahl (1980), Stiglitz (1989), and Boone (2008).

The model establishes three interesting testable predictions. Firstly, average prod-

uct of labor (APL) can be positively or negatively related to expected real income

depending on the relative strength of three counterveiling effects that consumers’ ex-

pected real income have on entry and the market power of firms. Secondly, under

certain conditions, the lower priced firms not only sell to a larger market, but also

have higher markups. Lastly, pass through of cost changes (firm level idiosyncratic

cost shocks and common cost shocks) is incomplete and is nonlinear in firms’ cost

levels.

The remainder of the chapter is structured as follows: Section 2 presents the

model; Sections 3 and 4 discuss the properties of the stationary search equilibria, and

Section 5 concludes. All derivations are contained in Appendices A1 - A4.
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2.2 The Model

2.2.1 Environment

Time is discrete and infinite. There is a measure one of households. Each household

has a measure one of members. Household members are divided into three indivisible

activities: shopping, working or leisure.

There is a measure Nt of ex-ante identical entrepreneurs, owned by households

and each will produce identical goods upon successful entry. These entrepreneurs pay

a fixed entry cost in units of effective labor, fe, to enter the goods market. Upon

sinking this entry cost, an entrepreneur draws a random cost parameter z from a

known distribution H(z). After learning about the demand and the cost parameter,

the entrepreneur may decide to exit or produce. The ones that choose to produce are

called firms. The measure of firms is given by N e
t . Goods produced by these firms

are then sold in a goods market that is subject to search frictions described below.

Entry and production decisions by firms, and consumption, shopping and labor

supply decisions by households, are made prior to goods being produced and ex-

changed and before prices are realized. To provide a road-map, I describe the sequence

of actions by consumers and firms, the information structure of our model.

1. At the beginning of each period, households form expectations about real in-

come, and make consumption, shopping and labor supply decisions based on

their expectations. Henceforth, I refer to those expectations as sentiments: Ωt

2. Entrepreneurs and firms have perfect knowledge of consumer sentiments and

make entry and production decisions, taking sentiments as given.
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3. The labor market opens, and labor in entry and production is supplied and

hired through a competitive labor market.1

4. The goods’ market opens. The prices of goods, and production are realized,

and wages are paid.

Households’ problems follow Alessandria (2009) closely. Shopping is costly as it

takes time away from leisure. However, shopping is required for households to obtain

consumption goods. This tradeoff highlights the role of foregone labor income for

setting the reservation price rt. The shopping technology has three characteristics.

First, shoppers cannot communicate with each other; second, each shopper will buy

either one unit if pt ≤ rt, or nothing otherwise.

Household members do not have independent utility but share equally in the utility

of the household. Households value the stream of consumption ct, and incur disutility

from shopping st and work lt, according to the quasi-linear and time separable per

period utility function:

u(ct, st, lt) =
c1−σ
t − 1

1− σ
− (ηst + lt), (2.2.1)

where η is the disutility of shopping.

Each shopper receives random price quotes once in the market and individual effort

does not influence the measure of price quotes received by her or other shoppers. The

number of price quotes a shopper receives is governed by a Poisson distribution.2 Let

1I have assumed all shocks take place prior to households, entry and production decisions. There-
fore, the only uncertainty facing an entrepreneur is the cost draw. All uncertainties are resolved at
the production stage. As such, with a sufficiently low entry cost fe, the possibility of no entry and
no production is ruled out.

2The Poisson distribution is used in in Mortensen (2003) in the context of labor search, and
Mortensen (2005) and Head and Lapham (2006) in the context of monetary search. Herrenbrueck
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qk(µt) be the measure of shoppers that are randomly selected to sample k ≥ 1 stores,

with contact frequency µt:

qk(µt) =
e−µtµk−1

t

(k − 1)!
, (2.2.2)

where the contact frequency µt is given by:

µt = µ(N e
t ), (2.2.3)

where ∂µ
∂Ne > 0. The mean number of price quotes received by shoppers, k̄t = 1 +

µ(N e
t ), also increases with the measure of firms. To facilitate the analysis that follows,

I refer to shopping as the measure of shoppers, st, and search as the average number

of price quotes observed by consumers, µt.

As in Kaplan and Menzio (2016), µt is not directly chosen by households but varies

endogenously with output, shopping and work. As a result, it is legitimate to ask to

what extent endogenous search effort affects the results. In general, an increase in

the real wage have two opposing effects on search. On the one hand, it reduces search

because of a higher opportunity cost of search. On the other, it increases search

because returns to search tend to be higher when households have more income to

spend. As such, in theory, search can increase or decrease with higher sentiments.

Empirically, Aguiar and Hurst (2005), McKenzie and Schargrodsky (2011), Aguiar

et al. (2013), Coibion et al. (2014), Petrosky-Nadeau et al. (2016), and Nevo and

Wong (2015) find that search increases as expected real income falls. In Section 3,

I use this empirical regularity to discipline the contact frequency so that the model

(2017) discusses how this type of matching process can be derived under more general assumptions.
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reproduces the observed relationship between search, shopping and sentiments.

In addition, the modelling approach of this thesis is closely related monetary

search framework developed by Head and Kumar (2005), Mortensen (2005), and Her-

renbrueck (2017). In these papers, the average number of price quotes increases with

shoppers’ search effort. This in turn causes downward pressure on firms’ prices and

hence, increases consumption. Here, households increase consumption by increasing

shopping. There are similarities and distinctions between the current model and afore-

mentioned studies. As I will demonstrate later on, similar to models of endogenous

search effort, shopping influences both quantities purchased and transacted prices by

affecting the distribution of firms in the market. In contrast to the aforementioned

studies, in which the effect of search effort on prices and quantities comes through the

trade-off between labor supply and search, here shopping affects prices and quantities

because of a complementarity between shopping and labor supply. This distinction

allows the current model to generate positive co-movement between employment and

search.

Because wages, prices and profits are not realized yet, households must forecast

these objects based on their sentiments to make decisions. Let Ĝt(pt; Ωt) be house-

holds’ belief about the equilibrium distribution of prices conditional on their senti-

ments at time t. Denote their beliefs about the c.d.f of the distribution of the lowest

observed price received by shoppers at time t:

Ĵt(pt; Ωt) =
∞∑
k=1

qk(µt)
{

1− (1− Ĝt(pt; Ωt))
k
}

=
1− e−µtĜt(pt;Ωt)

1− e−µt
. (2.2.4)
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Stores are assumed to accept claims against households’ future income. House-

holds forecast the average price of goods, ̂̄P t(Ωt) based on their sentiments, and fi-

nance their consumption by means of labor income ŵt(Ωt)lt, and from owning claims

on firms’ profits, Π̂t(Ωt). Again, because these objects are not realized at the time

when households make these allocation decisions, they are expressed as functions of

the sentiment at time t. To ease discussion, I suppress the aggregate state at time t,

Ωt hereafter and use the hat notation to denote households’ beliefs about equilibrium

prices. This leads to the following budget constraint:

̂̄P tct = ŵtlt + Π̂t, (2.2.5)

where ̂̄P t is defined as follows:

̂̄P t =

∫ rt
0
pdĴt(pt)

Ĵt(rt)
. (2.2.6)

Shoppers do not return to the stores they visited in the previous periods. They

behave as automata and return home with their purchases at the end of the period.

The total amount of goods purchased is equal to the number of successful shopping

trips:

ct = stĴt(rt). (2.2.7)

In summary, households maximize their lifetime utility by choices of consumption,

ct, shopping, st, labor supply, lt, and the reservation price, rt, subject to (2.2.5) to

(2.2.7) and the following time constraint

st + lt ≤ 1. (2.2.8)
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Appendix A contains the detailed solution to the households’ maximization prob-

lem. The first order conditions associated with interior solutions are given by

rt =
ηŵt

Ĵ(rt)
+ ̂̄P t; (2.2.9)

c−σt
ŵt
rt

= 1. (2.2.10)

The first condition states that the reservation price is equal to the opportunity cost of

search activities which is the sum of expected transacted price ̂̄P t and foregone labor

income. In order to make one successful shopping trip, 1

Ĵ(rt)
measure of household

members is expected to search for goods, who would otherwise work at wage ŵt or

enjoy leisure. The second condition equates the marginal return of labor to its utility

cost, which is equal to 1.

The first order conditions reveal that sentiment at time t, Ωt = Et−1

(
wt
rt

)
, is

the key to determining household’s allocations. Combining households’ first order

condition (2.2.10)

ct = (Ωt)
1
σ . (2.2.11)

The expected real income, ŵt̂̄P t , is also positively related to sentiment, Ωt. Rearranging

households’ first order condition (2.2.9), we have

(
ŵt̂̄P t

)
=

1

Ω−1
t − η

Ĵt(rt)

. (2.2.12)

For parsimony, we refer both ratios, wt
rt

and ŵt̂̄P t , as real income hereafter.
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To ease interpretation, we call shoppers with one price quote Captive Buyers and

those with more than one price quote Bargain Discoverers.

Now let us examine the problems of the entrepreneurs. In making their entry

decisions, entrepreneurs also form beliefs about the equilibrium price distribution

based on consumers sentiments Ωt, and equilibrium prices. Their beliefs about these

equilibrium objects, the distribution of prices posted by other firms and wages, are

denoted by G̃t(pt; Ωt) and w̃t(Ωt), respectively. Again, I suppress the aggregate state

to ease discussions hereafter.

Let 1
Z

be the aggregate productivity of labor, and lpt be the labor used in produc-

tion. For a firm with cost draw z, the production function is given by

yt =
1

Ztz
lpt . (2.2.13)

This implies marginal cost equal to:

m̃ct = Zzw̃t.

The probability of a trade for a firm that posts price pt, conditional on being

matched with a shopper is

Ãt(pt) =
∞∑
k=1

qk(µt)(1− G̃t(pt))
k−1 =

µe−µtG̃t(pt)

1− e−µt
. (2.2.14)

Let the equilibrium measure of shoppers in the goods market be St. The proba-

bility that a firm will be matched with a shopper with k quotes is Stk
Ne
t

. As a result,
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the expected number of trades (transactions) for this firm is given by

T̃t(pt) =

∑∞
k=1 Stkqk(µt)(1− G̃t(pt))

k−1

N e
t

=
St
N e
t

Ãt(pt), (2.2.15)

Because matches are dissolved at the end of each period, firms consider only cur-

rent revenue and so demand for labor in the current period in deciding entry.3 Because

firms’ problems are static, I proceed in the analysis without the time subscript. A

firm with cost parameter z chooses price p to maximize profit:

π(p) = maxp(p− m̃c(z))T̃ (p)). (2.2.16)

Let z∗ be the maximum cost level that an entrepreneur chooses to enter the market,

and H(z∗) be the mass of successful entrants. The equilibrium distribution of firms

is given by

H̃(z) =
H(z)

H(z∗)
. (2.2.17)

The equilibrium density function of the distribution of firms is equal to h̃(z) = h(z)
H(z∗)

.

Burdett and Mortensen (1998) demonstrate that the conditions that guarantee a

unique solution to firms’ profit maximization problem (2.2.16) are:

G̃(p(z)) = H̃(z), (2.2.18)

3The model contrasts models where dynamic considerations of pricing are important. In these
models, firms offer lower price to new customers but charge continuing customers full price. These
papers share a similar empirical prediction that prices paid by consumers are positively related to
their tenure with the firm.
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and

G̃′(p(z))p′(z) = h̃(z). (2.2.19)

Formally, Burdett and Mortensen (1998) show that the prices chosen by firms

is a result of a non-cooperative game that feature price posting with commitment.

The game has two stages. First, all firms simultaneously choose a price to post, and

shoppers observe a distribution of posted prices. In the second stage, each shopper

buys at the lowest price from all the prices he observes. Firms are required to commit

to their posted prices and to produce as much as demanded by the shoppers. To

formulate the payoff to the firms, one only needs to know the probability that a

random shopper will buy from any posted price. This implies that only the rank

order of prices matters.

I replace Ã(p) with Ã(H̃(z), µ) = µe−µH̃(z)

1−e−µ , and T̃ (p) with T̃ (H̃(z), µ) = S
Ne

µe−µH̃(z)

1−e−µ

to reflect the dependence of firms pricing decision on the equilibrium distribution of

firms, H̃, and the contact frequency, µ. The first order condition to (2.2.17 )is given

by:

p(z)h̃(z)ÃH̃(·) + Ã(·)p′(z) = (Zzw̃)h̃(z)ÃH̃(·), (2.2.20)

where ÃH̃(·) stands for the derivative of Ã(·) w.r.t. H̃(z).

Let r̃ be firms’ belief about the reservation price chosen by the households in the

equilibrium. The condition for the least productive firm to be profitable is:

p(z∗) = r̃. (2.2.21)

Solving this first order differential equation (2.2.20) and taking the boundary
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condition (2.2.21) into consideration, we arrive at the following pricing function

p(z) =
r̃Ã(1, µ(N e))

Ã(H̃(z), µ(N e))
+ Zw̃

∫ z∗

z

aÃH̃(H̃(a), µ(N e))

Ã(H̃(z), µ(N e))
h̃(a)da, (2.2.22)

where Ã(1, µ(N e)) is the measure of captive buyers conditional on firms being matched.

The profit of this firm is given by:

π(z) = (p(z)− Zzw̃)T̃ (H̃(z), µ(N e)). (2.2.23)

The pricing function (2.2.22) reflects a firm’s trade-off between the type of shop-

pers they trade with and its marginal revenue. The same consideration is also present

in the original framework of Burdett and Judd (1983) with identical firms. In par-

ticular, when firms are identical, equal profit condition implies that firms’ optimal

pricing decisions are mixed strategy. With firm heterogeneity, however, low productiv-

ity firms may be constrained from lowering their prices further by their high marginal

costs of production. While all firms posting p(z) ≤ r̃ are able to sell to a captive

buyer, the probability of selling to a bargain discoverer depends on a firm’s position

on the cost distribution. In particular, to get a sale with certainty, it is optimal for

a firm with a cost parameter z to lower its marginal revenue by an amount that is

equal to the weighted average of the marginal costs of its higher cost competitors,

Zw
∫ z∗
z

aÃH̃
A(·)) h̃(a)da. Clearly, the least productive firm z∗, pricing at the maximum of

the reservation price r̃, can only sell to captive buyers.

The following proposition characterizes the properties of firms’ pricing functions,

profits and markups.

Proposition 2.2.1. If H(z) is twice continuously differentiable, then ∀ z ∈ [z, z∗]
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1. ∂p(z)
∂z
≥ 0;

2. ∂
∂z
T̃ (H̃(z), µ(N e)) ≤ 0;

3. ∂π(z)
∂z
≤ 0

4. If µ(N e) ≤ 1
zh̃(z)

, ∀ z ∈ [z, z∗], then ∂
∂z

(
p(z)
m̃c(z)

)
≤ 0

Proof. See Appendix A.2.2.

While the more productive firms (lower z) always post lower prices, have bigger

market shares and earn more profits, they do not always enjoy higher markups p(z)
Zzw

.

The proposition establishes a condition, µ(N e) ≤ 1
zh̃(z)

, ∀ z ∈ [z, z∗], under which this

is the case.

To understand the condition, recall that the measure of captive buyers is given

by Ã(1, µ) = µe−µ

1−e−µ . In one extreme as µ→ 0, the share of revenue from the captive

buyers, Ã(1,µ)

Ã(·)
→ 1. In this case, all shoppers sample one store and therefore, the

profit maximizing price for every firm is simply the reservation price r̃. As a result,

the model becomes isomorphic to one of monopolistic competition in which the dis-

tribution of prices is degenerate. In this case, the condition on µ never binds: the low

cost firms always have higher markups because firms post the reservation price r̃.

When µ ∈ (0, 1], there is a positive measure of bargain discoverers. Because

low cost firms price at the lower end of the price distribution, they expect a higher

percentage of their sales to be made to bargain hunters. As a result of competition for

these shoppers, the marginal revenue that these firms need to forego to get the sale

for sure could be so large that it causes their markups to fall as in Burdett and Judd

(1983). Therefore, for more productive firms to have higher markups, it is necessary

that they have enough market power in spite of competitors. How much market power
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these firms should have depends on how intense competition is on the lower end of

the price distribution, which is given by the density of firms that share similar cost

parameters, h̃(z).

The following proposition characterizes the response of firms’ sales to a change in

the contact frequency µ.

Proposition 2.2.2. If H(z) is twice continuously differentiable, ∃ z̃(µ) ∈ [z, z∗], such

that

1. ∀ z ≤ z̃(µ), Ãµ(H̃(z), µ(N e)) ≥ 0;

2. ∀ z > z̃(µ), Ãµ(H̃(z), µ(N e)) < 0

3. ∂
∂µ
z̃(µ) ≤ 0

Proof. See Appendix A.2.3.

In response to a rise in µ, the market shares of more productive firms increases

because they expect that a higher percentage of their sales will be made to the

bargain discoverers. Moreover, as search, µ, increases, market shares are increasingly

concentrated in the highly productive firms. In contrast to models in which terms

of trade are determined by Nash bargaining, here search externality associated with

increased search is always positive in that it causes reallocation of market shares to

more productive firms.

The expected profit for a perspective entrant is given by,

π̄ =

∫ z∗

z

π(z)h̃(z)dz.
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Entrepreneurs enter until expected profits are driven to zero. Following a long tra-

dition of the literature (e.g., Lucas (1978), Grossman and Helpman (1991), Melitz

(2003), Klette and Kortum (2004), Luttmer (2007), Bilbiie et al. (2012), Acemoglu et

al. (2013)), I model entry costs in terms of labor costs. This approach is in contrast

to Pissarides (1982), Hopenhayn (1992), Hopenhayn and Rogerson (1993), and Foster

et al. (2008), who model entry costs in terms of goods. I take this approach so that

entry costs vary over time with sentiments. This modelling approach is supported by

empirical evidence in Bollard, Klenow and Li (2016). According to these authors, it

is necessary for labor costs to account for the key component of entry costs to explain

cross-countries differences in revenue productivities and sizes of establishments.

With probability H(z∗) they earn profit equal to
∫ z∗
z
π(z)h̃(z)dz−Zwfe; and with

probability 1−H(z∗), they bear a loss equal to −Zwfe. This leads to the following

free entry condition

H(z∗)

∫ z∗

z

π(z)h̃(z)dz = Zwf. (2.2.24)

The maximum cost level for entry is given by

π(z∗) = 0 =⇒ z∗ =
1

Z

(w
r

)−1

. (2.2.25)

Variations in the real wage w
r

and technology 1
Z

affects the maximum cost level, z∗,

which entrepreneurs choose to enter the goods market, and through this, it affects

the equilibrium distribution of firms, H̃(z).
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2.2.2 Stationary Search Equilibrium

I focus on stationary search equilibria that are symmetric, in which all households

choose the same allocations in the equilibrium given sentiments Ωt.

Definition 2.2.1. A Stationary Search Equilibrium (SSE) consists a sequence of

individual household decision rules (ct(Ωt), st(Ωt), lt(Ωt), rt(Ωt)), and firms’ pricing

decisions pt(z,Ωt), and the beliefs of households, firms and entrepreneurs about equi-

librium prices (ŵt,
̂̄P t, wt, Ĝt(pt), G̃t(pt)); aggregate allocations (Ct, St, Lt) and prices

(wt, Rt, P̄t), and a distribution of prices Gt(p), such that for given Ωt, and ∀ t,

1. Beliefs are rational: rt = r̃t; Ĝt(pt) = G̃t(pt) = Gt(pt); ŵt = w̃t = wt;
̂̄P t = P̄t;

Ωt = wt
rt

;

2. Equations (2.2.4) - (2.2.10) maximize household’s utility;

3. Equation (2.2.20) maximize firms’ expected profits for all z ∈ [z, z∗t ], given the

distribution of costs, H(z);

4. Goods and labor markets clear

In contrast to search models where entry cost is often assumed to be exogenous,

here labor is used in entry. Therefore, the cost of entry is also tied to the opportunity

cost of search and is endogenous. Moreover, the zero profit condition is a function of

the reservation price. This implies that the exit rate of firms is also endogenous as

a result of variations in the reservation price. Intuitively, these features imply that

the outside option of entrepreneurs is endogenous. For these reasons, the aggregate

accounting condition implies the free entry condition, which renders the measure of

firms, N e, indeterminate in the absence of sentiments. This indeterminacy provides
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the basis for sentiments in the model. Appendix A3 demonstrates that these features

are robust to general preferences and production technology.

Solving for a SSE requires determination of the equilibrium reservation price.

Burdett and Judd (1983) show that in a noisy search model, the highest price posted

is equal to the reservation price so that no shoppers return home empty handed. This

implies that no store posts a price higher than rt in the equilibrium: Gt(rt) = 1. As

a result, Jt(rt) = 1, ∀ t.

This condition implies that real income must satisfy:

wt
Rt

= Ωt =

(
η +

P̄t
wt

)−1

∀t. (2.2.26)

Intuitively, households are indifferent between purchasing one unit of good at the

reservation price and sending out one more shopper and purchasing the good at the

average price and incur search costs ηwt.

Combining households’ first order condition (2.2.8), and again ignoring the time

subscript, I obtain the equilibrium aggregate consumption,

C =
(w
R

) 1
σ
, (2.2.27)

Combining equilibrium condition, (2.2.24) and households’ resource constraint,

(2.2.7), I have

S = C. (2.2.28)

Goods market clearing condition requires that aggregate consumption, transactions
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and aggregate production coincide,

C = Y = N e

∫ z∗

z

T (H̃(z), µ(N e))h̃(z)dz (2.2.29)

The individual firm’s labor demand function is given by lp(z) = ZzT (H̃(z), µ(N e)).

As such, aggregate labor demand in the production of goods is:

Lp = N e

∫ z∗

z

lp(z)h̃(z)dz. (2.2.30)

and the market clearing condition for investment workers Le is

Le = ZNfe (2.2.31)

The labor used by entrants for investment purpose and production must be reflected

in accounting for aggregate labor supply L, which implies the following labor market

clearing condition:

L = Lp + Le. (2.2.32)

Aggregate payments to production labor must be equal to the difference between

revenue P̄C and dividend income Π = N eπ̄ −NZfew = 0, under free entry:

wL = P̄C − Π = P̄C =⇒ wLp = P̄C − wLe, (2.2.33)

The measure of entrants and active firms must satisfy

N e = NH(z∗). (2.2.34)
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Using this in the free-entry condition, we get

NZwf = S

∫ z∗

z

(p(z)− Zzw)A(H̃(z), µ(N e))h̃(z)dz. (2.2.35)

The zero cut-off condition (2.2.25), the aggregate accounting condition (2.2.33) and

free entry condition together determine the equilibrium in terms of (w
R
, N e).

The following proposition establishes a sufficient condition under which a SSE

exists, that is, for each realization of sentiment, Ω, there exists a unique measure of

firms given by N e(Ω).

Proposition 2.2.3. If a SSE with price dispersion exists, then the following holds

∂

∂z

(
zh̃(z)

)
≤ 0 (2.2.36)

Proof. See Appendix A.4.

This condition can be understood as follows. When a firm enters the goods market,

it imposes an externality on other firms because the average number of price quotes

received by shoppers is a measure of firms, k̄ = 1 + µ(N e). As such, entry increases

the competitiveness in the goods market. While an increase in µ increases the sales

of the more productive firms, as shown in Proposition (2.2.2), it causes the sales of

the less productive firm to fall. Therefore, (2.2.36), ∂
∂z

(
zh̃(z)

)
≤ 0 guarantees that

the negative effect of entry on the less productive firms diminishes relatively fast.
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Table 2.1: Parametrization

Parameters Sources
Preference σ = 1.03

η = .01
Goods market frictions ω = 2

3
, γ = 1

2
Differences in firms’ markups

De Loecker and Warcynski (2012);
De Loeker et al. (2016)

Distribution of costs m = .02, ϑ = .35 Combs et al. (2012)
z = 0.0001

Aggregate productivity 1
Z

= 1
1.12

2.3 Properties of the Stationary Search Equilib-

rium

In the theory, sentiments can affect labor productivity, markups, pass through and

other macroeconomic variables in a complex way, depending on goods market funda-

mentals such as the distribution of costs, and preferences. In general, it is difficult

to obtain comparative statics analytically. Therefore, I present a numerical example

illustrative of the features of SSE. Table 2.1 summarizes the parameters I have chosen

for simulating the model.

A key variables of the model is the distribution of labor costs across firms. I follow

Combs et al. (2012) and let the cost distribution z ∼ LogNormal (m,ϑ) with mean

m = .02 and variance ϑ = .35.4 They show, in a panel of French establishments, that

the LogNormal distribution provides a better fit of the overall productivity distribu-

tion than a Pareto distribution for a broad set of industries.5

4To transform the productivity distribution, F (x) into the cost distribution H(z), we let z = 1
x

and (x) be the density function of F (x). The transformation is done by using the following the
identity: h(z) = ( 1

z ) 1
z2 .

5Precisely, the productivity distribution is best characterized by a mixture of 95% logNormal and
5% Pareto.
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In terms of the contact frequency function, µ(N e) = ω (N e)γ, I focus on the

SSE, where more productive firms always have higher markups. De Loecker and

Warcynski (2012) and De Loecker et al. (2016) attest to the positive relationship

between productivity and markups in the manufacturing sector using detailed firm

level data. Because the condition under which more productive firms have higher

markups depends on the zero cut-off and the measure of firms, both of which are

endogenous outcomes of the model, we have to check at every realization of real

income whether more productive firms indeed always have higher markups. Our

strategy is to fix the aggregate cost level Z = 1.12, the disutility cost of search

activities η = .01, and the cost distribution H(z) and given these, we choose γ and ω

such that for all levels of sentiments, condition µ(N e) ≤ 1
zh̃(z)

is satisfied.

Intuitively, entry (exit) affects the density of relatively more productive firms with

similar cost levels. If an incremental decrease (increase) in the density of these firms is

relatively small (as in the case of a LogNormal distribution), entry (exit) may cause

the contact frequency to increase by a lot more relative to the change in the density

of these firms. Because these firms mostly sell to bargain discoverers, competition

for consumers, as a result of an increase in the contact frequency, may be so intense

that it causes these the markups of these firms to fall. Therefore, the concavity in

the contact frequency function ensures that the incremental increase (decrease) in

the measure of bargain discoverers does not dominate the decrease (increase) in the

density of these firms.

In anticipation of the analysis that follows, I distinguish four effects that senti-

ments have on macroeconomic variables. These effects are associated with the max-

imum cost level that an entrepreneur chooses to enter the market, the Cost Cut-off
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Effect (CEE), the extent of firms’ market dictated by consumers on average observe

multiple price quotes, the Market Power Effect (MPE), the distribution of firms in

the goods market, the Composition Effect (CPE) and the consumers’ participation

in the goods market, the Market Size Effect (MSE).

2.3.1 Entry and Output

Recall from (2.2.27) to (2.2.28), both consumption C, shopping time S, and output

Y are positively related to sentiments Ω. Let N e(Ω) denote the equilibrium solution

to the free entry condition at realized sentiment Ω. Figure 2.1 suggests that entry

declines as output increases.

This result may appear contradictory to many empirical findings of procyclical

entry. This discrepancy stems primarily from two factors, concerning firstly the defi-

nition of firms and secondly how entry costs are measured. In particular, these studies

specifically reply on incorporated business data to examine entry. Moreover, entry

costs are in many cases considered as non-labor costs (Djankov et al. 2002).

These approaches are quite different from the entry costs and firms considered in

the current model. Here, firms are not necessarily confined to incorporated business

as in previous studies and they can be any type of business entities that sell goods,

such as online sellers or self-employment. In addition, entry costs are in terms of

time, and hence it is positively related to its opportunity costs, real income. Several

empirical studies offer support to the type of entry dynamics considered here. Hipple

(2010) and Bils et al. (2015), for example, document that self-employment rises

when the economy is in recessions. As economic conditions deteriorate, households

switch from formal to informal employment. Similarly, Poschke (2016), and Bollard,

33



Klenow and and Li (2016) provide cross-countries evidence that entrepreneurship rate

is negatively related to real income. These studies share one common theme that they

are primarily concerned the entry dynamics of unincorporated business and entry

costs are measured in terms of time costs. In addition to these empirical support, the

key prediction of the theory is that the dispersion of firm level productivity falls with

higher output, and again, this prediction is consistent with the key empirical finding

of Kehrig (2017).

Figure 2.1: Entry and Firms
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2.3.2 Aggregate Productivity of Labor

Consistent with the literature (Bilbiie, Ghironi and Melitz, 2012), I treat labor used

in entry as a form of investment and focus on labor used in production. Recall

Lp = S
∫ z∗
z
ZzA(H̃(z), µ)h̃(z)dz. I define average product of labor (APL) as output

per production worker:

Y

Lp
=

1

Z
∫ z∗
z
zA(H̃(z), µ)h̃(z)dz

. (2.3.1)
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Let D = −
(

1

Z
∫ z∗
z zA(H̃(z),µ)h̃(z)dz

)2

≤ 0. The three effects that consumer search

has on the APL are as follows. Fistly, an increase in the sentiment Ω raises the

productivity requirement for firms to be profitable. Therefore, demand is met by

relatively more productive firms. This effect causes APL to increase. In particular,

let CCEapl(Ω) be the effect that sentiment has on the maximum cost level that

an entrepreneur chooses to enter the market, conditional on the composition of its

potential competitors, H̃(z), and their market power dictated by the extent to which

consumer on average sample multiple stores, µ. We have

CCEapl(Ω) =
∂z∗

∂Ω

(
∂

∂z∗

(
Y

Lp

))
= − 1

Z
D
(w
R

)−3

A(1, µ)h̃(z∗) ≥ 0. (2.3.2)

At the same time, an increase in Ω, by affecting the distribution of firms, H̃(z),

causes a redistribution of sales from the less to the more productive firms. Conditional

on firms’ market power µ and the maximum cost level of entry, this effect causes

APL to increase as sentiments increase. Formally, let CPEapl(Ω) be the effect that

sentiments have on the composition of firms conditional on the maximum cost level

of entry and firms’ market power. We have

CPEapl(Ω) =
∂A(H̃(z), ·)h̃(z)

∂Ω

(
∂

∂A(H̃(z), ·)h̃(z)

(
Y

Lp

))
= −D

(w
R

)−2
∫ z∗

z

z
(1− µH̃(z))A(H̃(z), µ)

H(z∗)
h̃(z)dz ≥ 0. (2.3.3)

Finally, the decline in entry, as a result of an increase in real income, causes an

increase in the measure of captive buyers through its effect on the contact frequency

µ(N e), resulting in a larger fraction of the output being produced by the relatively less
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productive firms. This effect counteracts the cost cut-off effect, CCEapl(Ω) and the

composition effect, CPEapl(Ω), to increase employment relative to output, resulting

in a decline in the APL.6. Let MPEapl(Ω) denote the effect that sentiments have on

the firms’ market power dictated by the measure of bargain discoverers, conditional

on the distribution of firms and the maximum cost level of entry. We have

MPEapl(Ω) =
∂A(·, µ)

∂Ω

(
∂

∂A(·, µ)

(
Y

Lp

))
= DµN

∂N e(Ω)

∂Ω
Z

∫ z∗

z

zAµh̃(z)dz ≤ 0. (2.3.4)

Figure 2.2a suggests that the relationship between APL, output and employment

is non-monotonic. For low realizations of real income, the three effects offset each

other and the APL is relatively insensitive to variations in output and employment.

For high realizations of real income, CCEapl becomes the dominant effect, and the

APL becomes positively related to output and employment.

The effects that sentiments have on aggregate employment in production parallel

the effects identified above. In addition, because shopping, St, is positively related

to sentiments according to households’ first order conditions (2.2.9), an increase in

sentiments results in more matches for all firms, and this increases aggregate employ-

ment, Lp. Let MSEemp(Ω) be the Market Size Effect on aggregate employment in the

production, conditional on entry, the distribution of firms and their market power.

6In general,
∫ z̃
z
zAµh̃(z)dz +

∫ z∗
z̃
zAµh̃(z)dz can go in either direction. We show in the appendix

A4 that under the current parametrization, this term is non-positive.
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We have

MSEemp(Ω) =
∂S

∂Ω

∂Lp
∂S

=
1

σ

(w
R

) 1
σ
−1
∫ z∗

z

ZzA(H̃(z), µ)h̃dz ≥ 0. (2.3.5)

Figure 2.3 demonstrates that employment in production is positively related to

output, suggesting that CPE, MPE and MSE dominate CCE.

Figure 2.2: APL, Output and Employment
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(b) APL and Employment
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Figure 2.3: Employment in Production
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2.3.3 Markups and Market Power

We define sales weighted average markups as follows

m̄u =

∫ z∗

z

p(z)

Zzw
A(H̃, µ)h̃(z)dz (2.3.6)

The three effects that shopping has on sales weighted average markups are as follows.

With regards to the cost cut off effect, higher sentiments causes real labor cost to

rise, and lowers the markups on each unit of goods sold regardless of individual firms’

cost levels. This effect causes markups to fall by shifting the entire distribution of

markups downwards and it is given by

CCEm̄u(Ω) =
∂z∗

∂Ω

∂m̄u

∂z∗
= − 1

Z2

(w
R

)−3 A(1, µ)

z∗
h̃(z∗) ≤ 0. (2.3.7)

At the same time, a fall in entry due to higher sentiments Ω, causes market

shares to be reallocated to the more productive firms. Because these firms have

higher markups, reallocation of market shares as a result of lower entry causes sales

weighted average markups to increase. Formally, this composition effect is given by

CPEm̄u(Ω) =
∂A(H̃(z), ·)

∂Ω

∂m̄u

∂A(H̃(z), ·)

=
1

Z

(w
R

)−2
∫ z∗

z

p(z)

Zzw

(1− µH̃(z))A(H̃(z), µ)

H(z∗)
h̃(z)dz ≥ 0.(2.3.8)

Finally, a decline in entry caused by higher Ω lowers the contact frequency, µ,

resulting in a reallocation of market shares to the relatively less productive firms. Be-

cause the less productive firms have lower markups, reallocation causes sales weighted

average markups to fall. Formally, this market power effect (MPE) is captured by
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MPEm̄u(Ω) =
∂A(·, µ)

∂Ω

∂m̄u

∂A(·, µ)

= µN

(
∂N e

∂Ω

)(∫ z∗

z

p(z)

Zzw
Aµh̃(z)dz

)
≤ 0, (2.3.9)

where the term inside the bracket is positive given that ∂
∂z

p(z)
Zzw
≤ 0 (Proposition 2.2.1),

Aµ ≥ 0 for z ∈ [z, z̃] (Proposition 2.2.2) and ∂
∂z
zh̃(z) ≤ 0 (Proposition 2.2.3).

As demonstrated in Figure 2.4a, markups fall with higher output, suggesting that

the cost cut off effect (CCE) and the composition effect (CPE) dominate. Figure 2.4b

further suggests that markups fall as firms’ market power, dictated by the measure

of captive buyers, increases. Therefore, there appears to be a negative relationship

between firms’ market power and markups.

That markups are negatively correlated to firms’ market power is in stark con-

trast to a large business cycle literature that feature sticky prices and countercyclical

market power. In many accounts of this literature, goods market becomes more com-

petitive when demand is high, which in turn causes markups fall because of sticky

prices and relatively flexible wages. Similar to these models, here real prices, mea-

sured in wage units, P̄
w

also fall, but it does not require that goods markets become

more competitive. In fact, it becomes less competitive as the measure of captive

buyers increases.

This prediction of the theory has important empirical and theoretical implications.

It suggests that a positive relationship between markups and competition may not

hold in an environment in which entry costs are in terms of time, and in which there

is firm heterogeneity in prices and markups. It thus calls into question a common
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practice in the empirical literature, which often associates higher price-cost margins

with less competition (e.g. Aghion et al, 2005).

Theoretically, many mainstream business cycle models (e.g., Gali (1994) and Ed-

mond and Veldkamp (2009), are constructed based on the notion that firms have

countercyclical market power because markups are countercyclical. In a closely re-

lated empirical study of the cyclical variations in advertising expenditures, Hall (2014)

challenges this view because it is inconsistent with procyclical profit margins implied

by procyclical variations in the ratio of advertising expenditures to revenue. Hall

finds that an increase in goods market frictions in recessions prevents profit margins

from rising, thus driving a wedge between profit margins and markups. Similar to

Hall’s findings, an increase in search µ, which is associated with a fall in demand, also

causes downward pressure on firms’ prices, and hence lowers profit margins, which is

given by
∫ z∗
z

(
1− mc(z)

p(z)

)
h̃(z)dz. However, sales weighted average markups can rise

due to lowered real cost of production and reallocation of market shares to firms with

higher markups.

More recently, Kaplan and Menzio (2016) advance a theory of unemployment

fluctuations in which the product market becomes more competitive when demand is

low, because the unemployed shop more intensively than the employed. Their theory

is also consistent with the view that goods market is more competitive when demand

is low. However, they do not consider other margins of adjustment, such as entry and

firm heterogeneity in markups. As a result, there is a negative relationship between

markups and firms’ market power (the measure of captive buyers).
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Figure 2.4: Markups and Market Power
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(b) Markups and Market Power
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2.3.4 Labor Wedge

We follow Chari, Kehoe, and McGrattan (2007) and define the labor wedge as the

ratio of the marginal rate of substitution between consumption and leisure to the

marginal product of labor.

We follow the literature and adopt APL as a proxy for the marginal product of

labor at the aggregate level. Using households FOC −Ul
Uc

= w
R

, and the definition of

average labor productivity, we obtain the following labor wedge and share in terms

of w
R

, respectively:

lw = 1−
−Ul
Uc
Y
Lp

= 1−
w
R

APL
, (2.3.10)

ls =
wLp
P̄ Y

= − 1− lw
1− ηw

R

. (2.3.11)

Consistent with empirical evidence, Figure 2.5 shows that labor wedge is lower

when output is high. The reason for this is as follows. When sentiments are low,
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Figure 2.5: Labor Wedge and Labor Share
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APL is relatively less responsive to variations in sentiments, resulting in relatively

large variations in labor wedge. When sentiments are high, APL moves one for one

with output, rendering
w
R

APL
relatively constant.

2.3.5 Pass Through

In models that feature either monopolistic competition or perfect competition, markups

are constant (or equal to zero under perfect competition). Therefore, the pass through

elasticity to cost shocks is always equal to 1. In other words, cost pass through is

always complete. Empirically, there is a nonlinear relationship between firms market

shares and their pass through.7 Models with endogenous markups provide a useful

environment to study the relationship between pass through and firm characteristics.

Certainly, there are models where firms’ markups are inversely related to their prices,

such as Melitz and Ottaviano (2008). However, to the extent that pass through is

7Knetter (1989, 1993) finds the amount of pass-through differs by country and industry. Gold-
berg and Knetter (1997) find that across industries, on average only half of a change in aggregate
production costs is passed on to prices. For automobiles, Feenstra et al. (1996) find pass-through
that is U-shaped in the market share of firms of the same nationality active in a market.
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sensitive to consumer search and other goods market fundamentals that result from

these search activities, a search model is useful.

2.3.5.1 Pass Through of Idiosyncratic Cost Shocks

Combining firms pricing decision (equation (2.2.20)), I define the pass through of firm

level cost z as follows

cpid(z) = −p
′(z)z

p(z)
= −µz

(
1− mc(z)

p(z)

)
. (2.3.12)

Figures 2.6 to 2.7 demonstrate how pass through varies with firms’ cost levels

under different scenarios. As suggested by these figures, pass through is zero for firms

pricing at the upper and lower end of the price distribution but for very different

reasons. For firms pricing on the upper end, markups are always equal to one so

1 − mc(z)
p(z)

= 0, so there is no room for these firms to adjust their markups. In

contrast, for firms pricing on the lower end, markups approaches to infinity and thus,

1 − mc(z)
p(z)
→ 1. In this case, the cost pass through of these firms is dictated by their

low cost parameter z → 0.

For firms pricing in the middle of the price distribution, pass through is nonlinear

in firms’ cost levels, and is higher. In addition, it tracks the density of firms closely.

These patterns can be understood as follows. When sentiments are low, the density

of competitors of similar cost levels are high and there are more bargain discoverers.

As a result of competition for bargain discoverers, these firms have to lower their

markups, suggesting both µ and 1 − mc(z)
p(z)

increases. Therefore, a larger fraction of

firm level shocks are passed through to consumer prices. When sentiments are high,

the density of the relatively less productive firms is higher, and the density of the most
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productive firms are close to zero. In this case, pass through is close to zero because

all buyers are captive, µ → 08 and that markups 1 − mc(z)
p(z)
→ 0. In this regard, the

high sentiment scenario is isomorphic to one of monopolistic competition, in which

all buyers are captive. But contrast to the monopolistic competition in which pass

through is always complete, here pass through for firms are incomplete.

Figure 2.6: Sentiments and Pass Through, LogNormal(0.02, 0.35)
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(b) Ω = .3
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(c) Ω = .6
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(d) Ω = .9
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The shape of the cost distribution also has quantitative implications, as suggested

8Recall that the average number of price quotes observed by consumers is given by k̄ = 1 + µ. If
all consumers are captive buyers, then k̄ = 1 and this implies that µ = 0
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by figures 2.7a to 2.7d. A higher variance (ν = 1) as in figures 2.7a and 2.7c cause the

distribution of firms to spread out, reducing the density of firms in the middle while

simultaneously increasing the density of the least and the most productive firms. This

results in a reduction in the overall pass through and the pass through of firms in

the middle range of the cost distribution while simultaneously increasing the pass

through of firms on the two ends of the cost distribution.

Contrast to trade models that feature monopolistic competition, such as Head

et. al (2014) in which only the variance of the cost distribution has quantitative

implications, here the mean also affects the extent of pass through. A higher mean,

as in the case of LogNormal distribution, implies a relatively high density of high

cost firms. When sentiment is relatively high as in figure 2.7d, again the high density

of the least productive firms implies a lack of price dispersion and zero pass through

overall.

2.3.5.2 Pass Through, Output and Employment Elasticity of Sentiments

Because of firm heterogeneity in markups, it is expected that they do not respond

to common shocks, sentiments, in the same way. To better understand these hetero-

geneities, I examine the pass through to consumer prices, and output (employment)

elasticity of sentiments. I define firm z’s pass through, cpΩ(z), output elasticities of

sentiments, εo,Ω(z), and their price elasticities of demand, εo,p(z), as follows

cpΩ(z) = −∂p(z)

∂Ω

Ω

p(z)
, (2.3.13)
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Figure 2.7: Cost Distribution and Pass Through of Idiosyncratic Cost Shocks

(a) m = .02, ν = 1, Ω = 0.1
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(b) m = 1, ν = .35, Ω = 0.1
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(c) m = .02, ν = 1, Ω = 0.3
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(d) m = 1, ν = .35, Ω = 0.3
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εo,Ω(z) = −∂T (H̃(z), ·)
∂Ω

Ω

T (H̃(z), ·)
(2.3.14)

εo,p(z) = −∂T (H̃(z), ·)
∂p(z)

p(z)

T (H̃(z), ·)
(2.3.15)

Because production is linear in labor, the elasticity of employment to sentiments is

identical to that of output. Let us first consider the pass through of firms. For the least
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productive firms, they price at the reservation price, p(z∗)
w

=
(
w
R

)−1
, therefore, elas-

ticity of pass through of sentiment Ω = w
R

is always equal to one (
∣∣∣dlogdΩ

(
p(z∗)
w

)∣∣∣ = 1).

For all other firms, elasticity of pass through is complicated, depending on the level

of sentiments and how the contact frequency and the distribution of firms respond to

variations in sentiments. In general, there is no closed form solution. Therefore, I per-

form several numerical experiments to demonstrate the relationship between firms’

cost levels and their respective pass through. The numerical experiments are con-

ducted considering a 1% increase (decrease) in the baseline sentiment level indicated

by the caption of these figures.

The results of a 1% increase in the baseline sentiment level are summarized in

Figures 2.8a to 2.8d. Several patterns emerge from this experiment. Firstly, pass

through of sentiments is nonlinear, depending on the level of sentiments. The overall

pass through is higher when sentiments are relatively low. Secondly, substantial

heterogeneity exists in the pass through of sentiments across firms. In particular,

pass through is positively related to firms’ productivity when sentiments is relatively

low (i.e., Ω = 0.1 and Ω = 0.3) or very high (i.e., Ω = 0.9), but this relationship

becomes negative when sentiments are moderate (Ω = 0.6).

These price adjustment heterogeneities are driven primarily by firms’ considera-

tions of their market sizes following price adjustments. These considerations depend

on the movement of firm level markups at different levels of sentiments, and is in

turn determined by the extent of the price dispersion dictated by consumers on aver-

age sample multiple sellers and the density of their competitors (i.e., firms that have

similar cost levels).

When sentiments are relatively low, pass through is higher for more productive
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firms for several reasons. Firstly, lower cost of production and reallocation of market

shares to these firms that is accelerated by an increase in bargain discoverers implies

that markups are higher for these firms. Secondly, when sentiments are relatively low,

entry (exit) of firms does not trigger a large variation in the density of relatively more

productive firms. This implies that concerns of losing ones’ sales by passing through

a full and even more than a full amount of cost increase is limited. As suggested by

Figures 2.8a to 2.8b, the economy wide pass through can exceed one if the market

shares of the high productivity firms are sufficiently high.

In contrast, when sentiments are relatively high, markups are lower because the

real costs of production are higher and there is less reallocation. This implies that

the overall pass through is on average lower. Moreover, entry (exit) can trigger

large variations in the density of the high productivity firms, and this implies that

high productivity firms could have lower pass through due to high density of their

competitors as in Figure 2.8c. When sentiments are sufficiently high, as in Figure

2.8d, pass through again becomes positively related to firms’ productivity, however,

for very different reasons compared with when sentiments are low. Here, the high

density of low productivity firms coupled with that all buyers are captive, implies all

firms post the reservation price.

Now let us turn to the elasticity of output to sentiments across heterogeneous

firms. In general, these figures suggest that high productivity firms have low elasticity

of output (employment), except when sentiments are very high (Figure 2.8d), again

due to a lack of price dispersion. These figures also suggest that the elasticity of

demand faced by different firms also varies across different realizations of sentiments.

When sentiments are low or sufficiently high (Figures 2.8a to 2.8b and 2.8d), the

48



elasticity of demand is the lower for the more productive firms. When sentiments are

moderate as in Figure 2.8c, there appears to be a U − shaped relationship between a

firms’ cost parameter z and its elasticity of demand, εo,p(z).

Figure 2.8: Pass Through and Output Elasticity of Sentiments,
LogNormal(0.02, 0.35)
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(b) Ω = 0.3
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(c) Ω = 0.6
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(d) Ω = 0.9
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Existing literature on incomplete pass through suggests that high-productivity

firms face a lower price elasticity of demand, and this prediction depends on assump-

tions placed on consumers’ preferences (Melitz and Ottaviano, 2008), the nature of the
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market structure (Atkeson and Burstein, 2008) or fixed non-tradable distributional

costs (Corsetti and Dedola, 2005). In Melitz and Ottaviano (2008), a linear demand

system with horizontal product differentiation implies that in contrast to the case

of constant elasticity of substitution (CES) demand, the price elasticity of demand

always increases with the price faced by consumers. In Atkeson and Burstein (2008)

demands are nested CES over several sectors with finite number of firms within each

sector. Firms within each sector are differentiated by their single product and engage

in Cournot (Bertrand) competition. The critical assumption that leads to low price

elasticity of demand faced by high-productivity firms is that the elasticity of substi-

tution between sectors is lower than the one inside each sector. In this setup, higher

performance firms, with their larger market shares, assign more weight to competitors

in other sectors, which by assumption have low elasticity of demand. In Corsetti and

Dedola (2005), the elasticity of demand faced by firms decreases with the share of

distributional services by assumption that non-tradable distributional costs are fixed.

In contrast to these aforementioned studies, the model studied here generates a

complex relationship between between market share, firms’ prices and their respective

price elasticity of demand without the restrictions placed on consumers’ preferences,

or the nature of the market structure or fixed distributional costs. In contrast to

Melitz and Ottaviano (2008) the model has standard CRRA preferences, but pass

through and output elasticity are affected by the consumers’ expected real income by

affecting the contact frequency µ and the distribution of firms H̃(z). In contrast to

Atkeson and Burstein (2008), these features also imply that the degree of competi-

tiveness of the goods market or the nature of competition is dictated by consumers’
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search intensity which in turn depends on their expectations about real income. Fi-

nally, in contrast to Corsetti and Dedola (2005), the non-tradable costs associated

with acquiring goods are endogenous and depends on consumers’ opportunity cost of

shopping.

Figures 2.9 to 2.10 further explore the implications that the distribution of costs

and the contact frequency have on the pass through and elasticity of output with

respect to sentiments. Figure 2.9b suggest that an increase in the variance of the

cost distribution does not affect the qualitative implication that high productivity

firms have high pass through and low elasticity of output. However, it reduces the

degree of pass through of sentiment shocks greatly, making output even less responsive

to variations in sentiments. Again, this is because a higher variance of the cost

distribution increases the density of firms in the upper end of the distribution, hence

intensifying the competition for consumers among these firms. This reduces the

incentive for these firms to pass through a full amount of their cost increase for

fears of losing sales. In comparison, an increase in the mean of the cost distribution

reduces the overall pass through, and results in more productive firms having higher

elasticity of output to sentiments, therefore reversing the qualitative implication of the

benchmark scenarios. This is because a higher mean implies a lack of price dispersion

due to the high density of low productivity firms. Finally, Figure 2.10 suggests that

a higher contact frequency implies more reallocation to the high productivity firms,

resulting in a much higher pass through and lower price elasticity of demand faced

by the more productive firms.

Finally, it is also useful to contrast the current models with models of incomplete

pass through that feature dynamic pricing considerations of firms such as ones that
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Figure 2.9: Pass Through and Output Elasticity of Sentiments, Alternative Cost
Distribution

(a) Ω = 0.3, LogNormal(0.02, 1)
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(b) Ω = 0.3, LogNormal(1, 0.35)
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feature customer accumulation9 and/or switching costs (Froot and Knetter, 1989;

Kasa, 1992; Lapham, 1995; Alessandria, 2004; Ravn et al., 2010; Droz and Nosal,

2012b; Gourio and Rudanko, 2014). In several accounts of this literature, firms’

capacity constraint (possibly due to inventory or sales personnel), and consumers’

switching costs imply it is optimal for firms to discriminate consumers based on their

tenure with the firms. Therefore, firms with larger market share in general face a lower

price elasticity of demand because consumers are “locked in”. Similar to these studies,

the elasticity of demand faced by the firms with the larger market share is also lower

but for very different reasons. Here, despite facing a lower elasticity of demand, high

productivity firms in fact mostly sell to consumers with multiple price quotes, and

due to noisy search, consumer are “locked in” because of a positive search externality

despite that firms have no capacity constraint. While microevidence is required to

distinguish among competing mechanisms at work, it appears counterintuitive that

9In many models, accumulation of customers involves marketing, costs associated with expanding
existing customer base, and other distributional costs which are hard to adjust in the short run.
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firms would charge long term customers a premium rather than offering them many

occasional discounts.

Figure 2.10: Pass Through and Output Elasticity of Sentiments, µ = 3
2

(N e)1/2,
Ω = 0.3
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2.4 Conclusions

In this chapter I develop and examine a tractable and analytical micro founded general

equilibrium model that features consumer search and heterogenous firms. The model

suggests that consumer search in the form of price sampling can interact with entry

of heterogeneous to generate complex movements in both productivity and markups.

The model yields several novel testable implications relating expectations of real

income, goods market fundamentals to productivity and firm level price dynamics. It

thus has the potential to explain a range of long standing issues in macroeconomics

that include but are not limited to the Labor Productivity Puzzle and the decline of

labor income share in total value added.
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Several extensions can be made for future research. Firstly, the numerical exam-

ples in Section 3 only demonstrate that the model implications are qualitatively con-

sistent with empirical evidence on the movements of APL, employment and markups.

One extension is to calibrate the model to be consistent with empirical evidence on

price dispersion and markups and examines the dynamics of the model. We will take

on this extension in the following chapter. Secondly, the current model considers only

equilibria that are symmetric. In a separate paper, I consider consumer heterogeneity

in reservation prices. In that case, separating equilibrium in firms’s pricing decisions

no longer applies. In particular, more productive firms can post the same high price

as their less productive counterparts. This will have quantitative implications on

firms’ sales and markups, and in particular, the role of price dispersion in facilitating

resource reallocation.
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Chapter 3

Consumer Search and Aggregate

Productivity Over the Business

Cycle

3.1 Introduction

Post 1990s businss cycles have been marked by two changes. Firstly, the correlation

between APL and output or employment has fallen significantly at business cycle

frequency. Gali and Van Rens (2014) provide evidence that the correlation between

GDP and the average product of labor has declined significantly in the United States

and a broad set of developed countries. Their key findings are summarized in Table

1. For example, in U.S. detrended quarterly data, this correlation equalled 0.78 for

1947−1984 and fell to 0.60 for 1984−2007. In fact, during the Great Recession, APL

increased in the US. More surprisingly, the increase in APL outstripped the growth in

the period directly preceding and the period directly following the recession (Bureau
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of Labor Statistics, 2010). The puzzling movements of labor productivity since the

1990s, and particularly during the recent Great Recession (2007 - 2009) has become

known as the Labor Productivity Puzzle. Consistent with these trends in the decline

in the procyclicality of APL, the post 1990s U.S recessions are marked by persistent

high unemployment as output rebounds. Secondly, there is a fall in the volatility

of a broad range of macroeconomic variables that include employment and the APL

(Stock and Watson, 2002).

In this chapter I construct a stochastic general equilibrium model in which aggre-

gate fluctuations (i.e. business cycles) are driven by changes in consumers’ sentiments.

I show how cyclical variation in consumer search interacts with entry of heterogeneous

firms to generate fluctuations in the average product of labour (APL). In the model,

these fluctuations may be either pro-cyclical or counter-cyclical depending on the

relative strength of three effects of consumer sentiments described in the previous

chapter; the cost-cutoff effect (CCE), market power effect (MPE) and the compo-

sition of firms effect (CPE). Figure 3.1 illustrates these three effects. In recessions,

more search by consumers due to a lower real income results in consumers purchas-

ing relatively more frequently from the most productive firms. This effect reduces

employment relative to output, and increases the APL. At the same time, during

recessions the least productive firms are insulated from a fall in demand by a lower

real cost of production. This effect allows relatively unproductive firms to remain

in the market, and thus decreases the APL. I argue that these changes in the busi-

ness cycle could be understood as the result of shoppers’ improved ability to identify

more productive sellers that is caused by structural changes in the goods market. In

the model, these changes cause the cost cut-off (CCE) and the market power effects
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Table 3.1: Declining Procyclicality of APL

Correlation of APL
with output with employment

Pre-1984 Post-1984 Pre-1984 Post-1984
U.S. .78 .60 .31 -.15

France .86 .68 .06 -.14
Germany .87 .77 .41 .22

Italy .94 .71 .31 -.54
UK .88 .54 -.02 -.33

Sources: Gali and Van Rens (2014); Data are from the BLS

labor productivity and cost program (LPC) and refer to the

private sector (non-farm business sector). Data for all other

countries were collected by Ohanian and Raffo (2012) from the

OECD Economic Outlook database and national statistics

offices. productivity is real output per worker and employment

is in persons. The sample period is 1960-2013.

(MPE) to dominate the composition effect (CPE) over time.

Understanding the cause of these changes in the business cycle is of utmost im-

portance from the theoretical point of view as it helps distinguish among alternative

mechanisms at work. So far, mainstream business cycle models have difficulty in

explaining periods of both procyclical and countercyclical APL. In dynamic stochas-

tic general equilbrium models that feature a competitive labor market and a Cobb-

Douglas production function in capital and labor, business cycles are driven by tech-

nology shocks. As a result, APL is procyclical almost by construction. Even with

other types of shocks, it is difficult to generate acyclical APL because with a standard

Cobb-Douglas production function and a competitive labor market, APL is propor-

tional to the real wage. Thus, APL can only be acyclical if real wages are. Empir-

ically, however, the real wage of new hires is procyclical (Pissarides, 2009; Haefke,
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Sonntag,and van Rens, 2013). In contrast, in models that feature imperfect compe-

tition and sticky prices, APL is countercyclical conditional on demand shocks. As a

result, these models have to rely on other shocks to account for periods of procylical

APL. However, sticky prices as the propagation mechanism in many accounts of this

literature have an implication that profit margins increase in recessions. This impli-

cation is inconsistent with empirical evidence on the cyclical variations of advertising

expenditures and consumers’ shopping behaviors.

Hall (2014), for example, argues that advertising expenditure should be positively

related to profit margins by a factor that is proportional to the elasticity demand,

and if profit margins increase in recessions as New Keynesian models of sticky prices

predict, firms would have expanded advertising spending by a lot in recessions. In

the data, however, it is procyclical. With regards to cyclical variations in consmers’

shopping behaviors, microevidence on time use and transacted prices over the busi-

ness cycle and crisis (Aguiar and Hurst, 2005; McKenzie and Schargrodsky, 2011;

Coibion, Gorodnicheko and Hong, 2014; Nevo and Wong, 2015) suggests that people

not only sample more stores to locate cheaper substitutes of identical goods, but also

take advantage of coupons and sales to make purchase during economic downturns.

Therefore, contrast to what leading business cycle theories often assume, the empiri-

cal evidence on consumers shopping behavior suggests that the goods market should

become more competitive in recessions. The inability of existing theories to account

for these change in the business cycle has called into question the usefulness of these

theories in policy prescriptions.

To recap Chapter 2, the theoretical framework incorporates costly search (Burdett

and Judd, 1983; Alessandria, 2009) in industry models that features entry and exit
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of heterogeneous firms (Hopenhayn, 1992; Melitz, 2003). I extend these models in

two ways. First, in contrast to Burdett and Judd (1983) and Alessandria (2009), the

number of price quotes that is observed by a consumer is endogenous, and depends

on the aggregate measure of firms in the goods market. As such, sentiment shocks

that increase entry mitigate firms’ market power by increasing the subset of prices

that is observed by individual shoppers. Second, in contrast to Hopenhayn (1992)

and Melitz (2003) that features monopolistic competition, competition in the goods

market is an endogenous outcome of the model. These features allow the model to

be consistent with empirical evidence on the cyclicality of consumers’ elasticity of

demand and to account for periods of pro and countercyclical APL.

While there are papers that use consumer search to understand variations in prices

and productivity over the business cycle (Bai, Rios-Rull and Storesletten, 2013; Ka-

plan and Menzio, 2016; Alessandria, 2009), none of these papers study the reallocative

effect that consumer search has on the sales of heterogeneous firms. This omission

could be consequential, in particular, for welfare analysis because endogenous search

intensity in the presence of firm heterogeneity could lead to improved welfare reallo-

cation of market shares to high productivity firms. Through this channel, it reduces

the volatility of output, employment and labor productivity over the business cycle.

I calibrate the evolution of sentiments, namely consumers expectations about fu-

ture income over the business cycle, to be consistent with empirical evidence on price

dispersion of identical goods, differences of markups across firms. We use the cali-

brated model to evaluate the effect that a reduction in the marginal labor cost has

on the observed changes in the cyclical properties of APL. Various studies (Dunlop

and Rivkin, 1999; Foster, Haltiwanger and Krizan, 2006) provide evidence that the
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U.S. retail sector has undergone massive restructuring during the period of 1980s and

1990s, which is characterized by the adoption of information technology such as Uni-

versal Product Codes (UPCs), and computerized inventory management. According

to these authors, these technological advancements lowers economy-wide marginal

costs of production, and hence has led to the expansion of firms with large volumes

of sales and a net increase in entry.1

In the benchmark calibration, I find that in response to a less than eight percent

decrease in the marginal cost of production, the model, with only shocks to senti-

ments, is able to generate a decline in the procyclicality of APL that is quantitatively

consistent with the data as a result of lower productivity requirement for firms to

remain in the market and more frequent purchase at highly productive firms by shop-

pers. The calibrated model is also capable of accounting for roughly three quarters

of the fall in the volatility in APL and one seventh of the fall in the volatility in

employment.

This mechanism contrasts starkly with leading explanations. Various papers sug-

gest that it is necessary to attribute a much larger role of changing labor market

dynamics in explaining this change in APL, such as reduced firing frictions (Gali

and van Rens, 2014) and de-unionization (Berger, 2016). In many accounts of the

literature, a counterfactual movement in the volatility of employment is required to

1Dunlop and Rivkin (1999) argue that large adoption costs associated with these and other
advances in technology and the resulting lower marginal costs has led to fewer, low-cost firms, with
high volume of sales. Abernathy, et.al. (1999) examine the impact of these technological advances
in the apparel industries and argue that one result has been increased concentration of this industry.
Foster, Haltiwanger and Krizan (2006) provide evidence that the retailing sector has experienced
unprecedented productivity growth since the late 1980s that is mainly driven by the expansion of
low cost firms as a result of massive restructuring in the sector.
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generate a fall in the procyclicality of APL.2 In comparison, I argue that technologi-

cal advancement identified by aforementioned studies allows the model to generate a

simultaneous decline in the procyclicality of APL and the volatility of employment.

Recently, Prescott and McGrattan (2014) argue that the movements of APL in

the most recent recessions is due to underestimation of a fall in total output because

intangible investment is not fully accounted for. However, the decline in the pro-

cyclicality in APL is not confined to sectors where output is traditionally difficult

to measure (Byrne et. al, 2016), suggesting a need for a more universal explanation

beyond intangible assets. In addition, the mechanism proposed in this chapter is

applies to sector in which intangible assets are important, such as the service sector,

because firms’ market shares, possibly due to consumer search, amount to a form of

intangible assets, which are not properly accounted for by national accounting.

Several papers, such as Bloom (2009) identify uncertainty shocks as the key driver

of the business cycle. In contrast, I demonstrate how restructuring in goods market

in the form of technological innovations in aforementioned studies may affect how

these variables respond to sentiment shocks at the cyclical frequency. In this regard,

I contribute a theory of countercylical dispersion, and this chapter distinguishes itself

from theories of the business cycle in which uncertainty is an assumption of the model.

This paper also contributes to our understanding of productivity growth, cost pass

through, and markups over the business cycle. Head, Kumar and Lapham (2010)

demonstrate that consumer search renders cost pass through to be incomplete. Head

et al. (2012) advance a theory of sticky prices where search frictions make it desirable

for identical firms to keep price constant absent any restriction on repricing. Bilbiie

2In addition to the volatility of employment, these theories also imply that the volatility of effort
should fall significantly in recent recessions. This implication is not supported by recent empirical
evidence of Lazear, Shaw and Stanton (2016).
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et al. (2012) consider a stochastic general equilibrium model that features preferences

in which elasticity of demand falls with more consumption and entry of homogenous

firms. They are able to account for countercyclical markups and procyclical profits

conditional on technological shocks.

The remainder of this chapter is structured as follows: Section 2 describes mod-

ifications to the environment presented in Chapter 2 so as to generate aggregate

fluctuations in equilibrium. This section includes the calibration procedure. Section

3 conducts a series of computational experiments to illustrate the circumstances un-

der which the environment can account for the observed fall in the procyclicality of

the APL. Section 4 summarizes the results and concludes the chapter

3.2 The Model

The basic environment is similar to that studied in Chapter 2. As such, the op-

timization problems of households, firms and entrepreneurs are for the most part

unchanged. The principle difference here is that consumer sentiments now experience

random shifts over time. Specifically, sentiments evolve via a stationary first-order

autoregressive (AR(1)) process:

Ωt+1 = ρΩt + εt+1, εt+1 ∼ N(Ω̄,Σε), (3.2.1)

where |ρ| < 1, and where Ωt+1 and Ωt are the households’ expected real income at

t+ 1 and t, respectively, i.e. Ωt+1 = Et
(
w
r

)
t+1

.
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3.2.1 Rational Expectations Search Equilibrium

I follow Head, Kumar and Lapham (2010) and focus on search equilibria that are

Markov and symmetric. By Markov, I mean that the allocations chosen by house-

holds, the prices that maximize firms’ profits (and hence the distribution of posted

prices), and the entry decision of entrepreneurs are time invariant functions of the

aggregate state - households’ sentiments. By symmetric, I mean that all households

choose the same allocations in the equilibrium.

Definition 3.2.1. A Rational Expectation Search Equilibrium (RESE) consists of a

sequence of individual household decision rules (c(Ωt), s(Ωt), l(Ωt)) and the reservation

price r(Ωt), firms’ pricing decisions pt(z,Ωt) and entrants’ entry decisions, aggregate

allocations (Ct, St, Lt), prices (wt, rt, P̄t), and a distribution of prices G(pt), such that

∀ t,

1. Beliefs are rational: Ωt = wt
Rt

, and beliefs about equilibrium prices (w(Ωt), r(Ωt), P̄ (Ωt))

and the distribution of prices G(pt; Ωt) are consistent with the realized prices

(wt, rt, P̄t), and the distribution of prices G(pt)

2. c(Ωt), s(Ωt), l(Ωt) and the reservation price r(Ωt) maximize household’s utility;

3. pt(z; Ωt) maximizes firms’ expected profits for all z ∈ [z, z∗(Ωt)];

4. Both goods market and labor market clear and c(Ωt) = Ct, s(Ωt) = St, l(Ωt) =

Lt, and

Figure 3.2 illustrates the impulse responses of output, APL, sales weighted average

markups and employment to a sentiment shock. The dynamic response of these

variables are quite persistent. It captures stylized facts of the business cycle quite well.
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Table 3.2: Parametrization

Parameters Sources
Preference σ = 1.03

η = .01
Goods market frictions ω = 2

3
, γ = 1

2
Differences in firms’ markups

De Loecker and Warcynski (2012);
De Loeker et al. (2016)

Distribution of costs m = .02, ϑ = .35 Combs et al. (2012)
z = 0.001

Both APL and employment rises on the impact of the sentiment shock. Moreover,

employment is as volatile as output while markups are countercyclical, consistent

with data.

3.2.2 The Effects That Expectations and Entry Costs Have

on the Cyclicality and Volatility of APL

It is observed that the volatility of APL and its correlation with output and employ-

ment has fallen since the mid 1980s. In this section, I conduct two experiments to

illustrate how the model could be used to shed light on these changes in the business

cycle. I consider two such candidates: a shifts in consumers’ expectations about their

future real income, Ωt = wt
rt

, and technological innovations in the retail sector 1
Z

,

which I will call retail restructuring henceforth.

To explore the implications of this hypothesis, I assume that Ωt+1 = .97Ωt + εt+1,

where εt ∼ N(.02, .0332). Setting the initial sentiment Ω0 = .02, The parametrization

follows Chapter 2 and is restated in Table 3.2. I simulate the data for 1, 000 periods.

Figure 3.4 illustrates the simulated series of APL and output. It is clear that APL is

positively correlated with output.
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3.2.2.1 Consumers’ Expectations

Regarding expectations, the University of Michigan has maintained a survey of con-

sumer confidence to understand the important influence of consumers spending and

saving decisions in each month since 1976. One of the key influences it examines is

consumers’ expected real income in the next year or two. In this question3, individuals

are asked whether during the next year or two, they expect that their (family) income

will go up more than prices will go up, about the same, or less than prices will goup

(Question A14 from the Survey). Figure 3.3a illustrates the variation in the fraction

of individuals who says income rises more than prices (hence, an increase in real in-

come). As suggested by this figure, the fraction of these individuals is lower during

the recessions. In particular, the lowest are recorded for the recessions that occur in

1981, 1991 and 2007. Moreover, according to de Nardi, French and Benson (2011),

the dynamics of these expectations during the recent Great Recession (2007− 2009)

appear markedly different from previous recessions. In particular, expectations about

future real income during the Great Recession, as suggested by Figure 3.3b, appear

to take longer to recover and never rebound.

In the first experiment, I lower the trend real income Ω̄ to .017. As Figure 3.5a

reveals, as the mean expected real income falls, APL becomes acyclical. Moreover,

with a lower trend real income and hence, different realizations of sentiment shocks,

APL could rise when output falls despite that it also rises when output increases. As

demonstrated in Chapter 2, this change in the cyclicality of the APL is due to the

fact that the market power effect (MPE) dominates the composition effect (CPE)

as a result of entry of firms (CCE) when real income is low.

3https://data.sca.isr.umich.edu/survey-info.php
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3.2.2.2 Technological Innovations

Figure 3.5b illustrates the variation in the APL and output after a retail restruc-

turing, i.e., an increase in 1
Z

holding the realizations of sentiments the same as in

the benchmark parametrization. As suggested by the figure, the procyclicality of

APL falls dramatically even if sentiments follow the same process. Various studies

evidence that technological advances in the early 1980’s to mid 1990’s may have sig-

nificantly affected the retail sector in North America. Dunlop and Rivkin (1999), in

the introduction of the book Revolution at the Checkout Counter, argue that large

adoption costs associated with advances in technology combined with the resulting

lower marginal costs has led to fewer, low-cost firms, with high sales volume. Aber-

nathy, et.al. (1995) examine the impact of these technological advances in the apparel

industry in the U.S. and argue that one effect of these advances has been increased

concentration of the industry. Interpreted in the context of our model, these changes

are associated with either an increase in fixed entry costs fe and/or the aggregate

effectiveness of labor 1
Z

.

The reason behind this change in the cyclicality of the APL is summarized by

Figures 3.6 to 3.7. Figure 3.6 suggest that entry rises with technological innovations

(i.e, a higher 1
Z

). It is expected because a lower Z increases the maximum cost level at

which entrepreneurs choose to enter the market. This results in a permanent increase

in the contact frequency µ, which in turn accelerates reallocation of market shares

to high productivity firms similar to a reduction in consumers’ expected real income.

Figures 3.7a to 3.7b further illustrate the effect that technological innovations have on

the variability of output and employment at different level of expected real income.

These figures suggest that technological innovations in general cause the APL to
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become less responsive to changes in the permanent level of real income. Intuitively,

there are more bargain discoverers at the same business cycle frequency (i.e., the

same realizations of sentiments as the benchmark scenario), and reallocation as a

result of this in turn magnifies both the Market Power Effect causing it to dominate

the Composition Effect as technology improves. A key prediction of the theory is

that technological innovations can lead to an increase in the market concentration

ratio of high productivity firms in the long run. According to Autor et al. (2017), all

six industries (finance, manufacturing, services, transportation wholesale trade, and

retail trade) have experienced significant increases in their four-firm concentration

ratio, with the retail trade sector recording the largest increase from 13 percent from

the mid 1980s to almost 30 percent in 2010.

3.3 Accounting for the Fall in the Procyclicality

and Volatility of APL

The exercise conducted in the last section identifies that retail restructuring has the

potential to quantitatively account for the fall in the procyclicality of APL by chang-

ing how the economy reacts to the same sentiment shocks. To further explore its

quantitative implications, I calibrate the process of sentiments to match the following

targets: volatility of personal nondurable consumption, and moments of the trans-

acted price distribution. The objective here is not to quantitatively match all second

moments, but to see whether it can qualitatively generate observed changes in the

cyclical properties of APL, if we change only the technology 1
Z

. We set ρ = 0.93 and

Σε = 0.0014, and this implies a standard deviation equal to 0.0143. The choice of Ω̄
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and the disutility of search η have implications on both the dispersion of prices and

sales weighted average markups. Let me discuss these two targets in turn.

In terms of transacted price dispersion, Kaplan and Menzio (2015) provide empir-

ical evidence of the extent of transacted price dispersion in scanner data. In a related

study, Baye, Morgan and Scholten (2006) provide a overview of the extent of price

dispersion in the literature that encompasses markets such as pharmaceutical drug

prices, books and CDs and ready mixed concrete. Depending on the definition and

types of goods, these authors find that the average standard deviation of prices for

goods ranges between 19 and 40 percent and a coefficient of variation between 19%

and 29%. In addition, Kaplan and Menzio (2015) also find that transacted prices

display more dispersion among more durable goods than perishable grocery items.

Moreover, the typical distribution of transacted prices for identical goods is symmet-

ric with a 90− to− 50 percentile ratio roughly the same as the 50− to− 10 percentile

ratio. They also find that the standard deviation of transacted prices varies very

little over time, and this is broadly consistent with Clark and Vincent (2014)’s find-

ings that transacted prices dispersion displays very little cyclicality. As a benchmark

calibration, the model reproduces a standard deviation of 25 percent in log trans-

acted prices, with the coefficient of variation equal to 22 percent and the 50− to− 10

percentile ratio of 1.6.

A common concern of these studies is that they are primarily interested in price

dispersion in the retail market. As a result, it is legitimate to ask how important the

retail trade sector is in the U.S. According to Bureau of Economic Analysis, in 2014

the retail trade sector and other related services provided sectors together account

for over 50 percent of the employment in the private sector4, with retail sector alone

4This excludes services related to health care, state and local government
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provides over 11 percent of the employment. Given that the majority of the estimates

of price dispersion are based on grocery items, the true extent of price dispersion may

not be fully captured by the aforementioned studies and thus, the targeted transacted

price dispersion (e.g, the coefficient of variations and the 50 − to − 10 percentile)

may represent a lower bound of the aggregate economy. As a result, I will consider

alternative values for these targets.

In terms of sales weighted average markups, their estimates typically vary consid-

erably depending on the estimation method and data. With aggregate level data and

production approach, average markups typically range from 1.1 to 1.4. In compari-

son, sales weighted average markups estimated from firm level data are substantially

higher. According to De Loecker et al. (2016), average markups are as high as 2.7 in

a panel of Indian manufacturing firms with a median equal to 1.2. Moreover, there

exists a wide disparity of markups across industries that ranges from 1.2 to over 5.6

for the manufacturing sector alone. The actual markups may even be higher if the

retailing sector is factored in. I set fe = 1 and µ(N e) = 2
3
N e1/2. As discussed in

Chapter 2, these values are chosen to ensure that more productive firms always have

higher markups (De Loecker and Warcynski 2012; De Loeker, et al., 2016).

I model retail restructuring in the form of technological progress that leads to

reduction in the real labor cost in both production and entry. I calibrate Z = 1.12 so

that it is consistent the pre-1980s correlation between APL and output. According to

Gali and Van Rens (2014), this correlation is equal to .78 before 1984. The calibration

targets for the cost distribution H(z) and the risk aversion parameter σ are the same

as in Chapter 2. Table 3.3 summarizes the additional parameters choices and the

associated targets. I simulate the data at quarterly frequencies for 1, 000 periods.
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Table 3.3: Benchmark Calibration

Benchmark Parameter Target and Sources
Preference σ = 1.03 relative volatility between real income and consumption

η = .01 Coefficient of variation for transacted prices
Goods market frictions ω = 2

3
, γ = 1/2, fe = 1 same as table 1

Distribution of cost m = .02, ϑ = .35 same as table 1
Steady sate real income Ω̄ = .30 50− 10 percentile ratio

Disutility of search η = .01 Coefficient of variations
Kaplan and Menzio (2015)

Lower bound of the cost distribution z = .25 Average Markups
De Loecker and Warzynski (2012); De Loecker et al. (2016)

Shocks ρ = .93,Σε = .0014 Volatility of
nondurable consumption

FRED 1947 - 2016
Aggregate productivity 1

Z
= 1

1.12
Pre-1980s correlation of

APL with output
Gali and Van Rens (2014)

Price Dispersion and Markups
Data Model

Before After
Coefficient variations (Target) .22 .2156 .2176

50-to-10 percentile ratio (Target) 1.60 1.5829 1.6208
90-to-10 percentile ratio 2.61 2.7618 2.8142
90-to-50 percentile ratio 1.60 1.7448 1.7364

Average markups 1.2 to 5.7 1.9424 1.9581

I calibrate the marginal cost of labor Z = 1.115 to be consistent with Gali and

Van Rens (2014) evidence on the post-1984 correlation between APL and output.

Table 3 shows the correlation of APL with employment, price dispersion, markups

and the relative standard deviation of employment to output.

As suggested by Table 3.3, the model is able to explain roughly three quarters

(−30%
−40%

) of the fall in the standard deviation of APL from pre-1984 to post-1984.

In addition, the model generates a simultaneous fall in the correlation of APL with

employment and the volatility of employment relative to output. However, the magni-

tude of these reductions fall short of those observed in the data. This is not surprising

because the market size effect (MSE) always respond positively to variations in real

income in the benchmark calibration with sentiments being the sole driving force of

the business cycle. However, in reality there are other driving forces.5

5We can introduce a preference shock in the model by changing the period utility function to
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The model matches the second moments of prices quite well. In particular, the

90−to−50 percentile ratio is roughly the same as the 50−to−10 percentile ratio when

the real income is equal to the unconditional mean. In addition, the model generates

a transacted price distribution that varies relatively little after retail restructuring.

This is in stark contrast to model of price dispersion that features identical firms such

as Kaplan and Menzio (2016). In general, these models have difficulty in accounting

for symmetry in the transacted price dispersion and implies too much variations in

both transacted and posted price dispersion over the business cycle. Intuitively, when

the economy is in a boom, the higher real labor cost and more captive buyers results

in more sellers posting prices closer to the reservation price, and in more buyers

purchasing from high price sellers. As the economy transitions to a recession, a fall

in both the real cost of labor and captive buyers results in more sellers posting prices

closer to their marginal cost and more buyers purchasing from the low price sellers.

Firm heterogeneity and entry improves the fit of aforementioned models along

two dimensions. Firstly, conditional on sentiment shocks, firm heterogeneity implies

that high cost firms are more likely to be constrained from lowering the prices by

their high marginal costs. Secondly, entry, by affecting the equilibrium distribution

of firms, H̃(z), causes market shares to be reallocated from low to high price firms,

and this effect counteracts the effect that µ has on the distribution of market shares,

which is the sole driving force in previous studies.

As a robustness check, I vary the unconditional mean of the real income Ω̄, and

recalibrate Z to match the before and after correlation between APL and output.

c1−σt

1−σ − θt(ηs+ l). In this case, the size of the market becomes St =
(

1
θt
wt
Rt

) 1
σ

. When the θt is high,

the size of market is low and thus the market size effect (MSE) is less pronounced. This potentially
mitigate the strong positive effect that a higher real income has on the aggregate employment.
However, it does not affect the zero cut-off condition and APL.
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Table summarizes the results from this exercise.

Firstly, the model is able to explain roughly three quarters of the fall in the volatil-

ity of APL and roughly one fifth of the fall in the volatility of employment regardless

of the unconditional mean of the real income, suggesting that the mechanism we pro-

pose is robust to variations in the trend variations in real income and risk aversion

parameters. Secondly, lower trend real income Ω̄ is associated with larger fall in the

volatility of APL (−30% in benchmark v.s. −34% with Ω̄ = .2), and even a much

larger fall, in the volatility of employment, which is a factor of 6 in this case (−.5%

in benchmark v.s. −3.2% with Ω̄ = .2). This suggests that the level of trend real in-

come have quantitative implications on how consumers and firms respond to the same

process of sentiment shocks after retail restructuring. Thirdly, higher trend income

is associated with higher transacted price dispersion. The reason for this is the fol-

lowing. A lower trend income implies that entry is higher and a larger fraction of the

shoppers observe multiple price quotes. The former leads to reallocation of market

shares to the relatively less productive firms and resulting in increase in transacted

price dispersion. However, more search as a result of an increase the average price

quotes observed by shoppers also shifts consumer expenditures to the relatively more

productive ones. This effect reduces transacted price dispersion. In general, the lat-

ter effect dominates when trend real income is low, suggesting that price dispersion

is also lower. The theory thus suggests that return to search is procyclical. Two

studies provide empirical evidence in support of our mechanism. Petrosky-Nadeau

et al. (2015) find that shopping time is procyclical and thus the return to search.

Similarly, Nevo and Wong (2015) argue that the ratio of prices paid by individuals

to aggregate price level falls during the Great Recession, suggesting that return from

72



searching lower prices falls in recession.

In the model, the risk aversion parameter corresponds to the relative volatility

between real income and non-durable consumption goods. While I have set it so

that it matches the magnitude of relative volatility in the data, the macroeconomics

literature, however, has typically assumed a risk aversion to be much higher. More-

over, the risk aversion parameters tend to affect posted price dispersion, as argued in

Head, Kumar and Lapham (2010), and to the extent that it affects return to search,

it can mitigate or magnify the market power and cost cut-off effects, and hence have

quantitative implications. We set σ = 2 to be consistent with the literature and re-

calibrate the model so that the correlations of APL with output is equal to pre-1984

and post-1984.

Table 3.5 suggests that the implication regarding the volatility of APL and em-

ployment and the correlation between APL and employment remains similar to the

benchmark scenario. In terms of price dispersion, with higher risk aversion parameter

is associated with less transacted price dispersion. Moreover, compared before and

after, retail restructuring in this case reduces both the 90−to−10 and 90−to−50 per-

centile ratios by roughly 22 percent each while simultaneously keeping the 50−to−10

percentile ratio relatively constant.

These differences can be understood as follows. With a larger risk aversion param-

eter, entry is higher at any given trend real income and this implies a larger dispersion

in posted price. While entry is associated with redistribution of expenditures to high

price firms, entry also magnify the market power effect and results in more search

that leads to reallocation of expenditures from the high to low price sellers follow-

ing restructuring. When the risk aversion parameter is calibrated to the benchmark
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Table 3.4: Accounting for the Decline in the Procyclicality of APL

Variable Data Model
Before After Change Before After Change

ρ(APL, Y) .78 .60 −23% .7832 .6013 −23%
s.d.(APL) 1.1e-3 6.42e-04 −41.6% 3.42e-04 2.39e-04 −30%

ρ(APL, Emp) .30 -.15 −150% .7798 .5976 −23%
s.d.(Emp) .0189 .0134 −29% .0192 .0189 −.5%

Sources: BLS. Private sector, 1947-2016

Table 3.5: Robustness

Variable Ω̄ = .35 Ω̄ = .20 σ = 2, Ω̄ = .30
Before After Change Before After Change Before After Change

ρ(APL, Y) .7829 .6023 −23% .7769 .5966 −23% .7851 .6080 −23%
s.d.(APL) 3.08e-04 2.16e-04 −29.8% 4.8e-04 3.15e-04 −34.7% 4.12e-04 2.9e-04 −31%

ρ(APL, Emp) 7799 .5951 −23% .7717 .5916 −23% .7675 .5894 −23%
s.d.(Emp) .017 .0167 −1.7% .0284 .0276 −.3.2% .0540 .0532 −1.7%

Price Dispersion and Markups
90-to-10 4.1877 4.3273 1.6311 1.6495 1.9066 1.4564
90-to-50 2.0442 2.0480 1.3388 1.3367 1.6445 1.2854
50-to-10 2.0486 2.1130 1.2183 1.2339 1.1594 1.1330

Ave markups 1.8876 1.9050 2.0895 2.1187 1.8453 1.8703
Coef var .2259 .2277 .1844 .1870 .2030 .2064

scenario, the two effects offset one another resulting in relatively little variation in

transacted price dispersion. This is no longer true when the risk aversion parameter

is high enough.

3.4 Conclusions

Prior to the 1980s, labor productivity was a barometer of the U.S economy, rising

when aggregate output and employment increased. Since then, the positive corre-

lation between APL and output has fallen significantly. The existing business cycle

74



models have difficulty accounting for these changes in the business cycle. To the ex-

tent that many stabilization policies are formulated based on one or another of these

models, their inability in accounting for this change in the business cycle has called

into question their usefulness. The literature coins the term “Labor Productivity

Puzzle” to describe the puzzling behavior of APL and employment in recent reces-

sions and calls for a theory that can simultaneously account for periods of procyclical

and countercyclical APL.

Towards this goal, this paper develops a novel theory of APL in a general equi-

librium model that features consumer search, firm heterogeneity and entry. The

theoretical model is motivated by well established facts concerning the cyclical varia-

tions in consumers’ shopping behaviors and firm heterogeneity in prices. I argue that

the fall in procyclicality of the APL at cyclical frequencies could be a result of retail

restructuring that affects how firms and consumers respond to the same sentiment

shocks over time.

The three novel effects identified in this chapter are a result of variations in the

cost cut-off, composition of firms and their market power. I show that due to het-

erogeneity in costs, firms react to shocks differently. In particular, more search by

consumers benefits the lower costs firms that tends to have more room to adjust

their markups in response to sentiment shocks. This renders employment relatively

unresponsive to variations in output at the cyclical frequency. It provides a strong

propagation mechanism that does not rely on assumptions of monopolistic competi-

tion nor sticky prices. Indeed, sluggish adjustment in the aggregate price level can

arise as a consequence of differences in firms’ desirability to adjust their prices in

response to shocks and the changing composition of their market shares.
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I provide a calibrated example to show that retail restructuring in the form of

lower production and entry costs may have contributed to the observed decline in the

correlation of APL with output and employment by increasing entry and hence, the

pool of firms from which goods are purchased. This leads to an increase in the average

number of price quotes observed by shoppers. The calibrated model also suggests that

the risk aversion parameter has quantitative implications on price dispersion and may

quantitatively affects how the economy responds to retail restructuring. While it is

taken as given in the current model, in a separate research paper, I investigate the

source of its cyclical variations.
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Figure 3.1: Model Mechanisms

(a) Before: Boom
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The top figure illustrates the (hypothetical) distribution of market shares as a
function of firms’ marginal cost parameter (z), and the economy wide maximum
cost level for entry in a boom. The bottom panel illustrates three effects (CCE),
(MPE) and (CPE) when the economy enters into a recession.

77



Figure 3.2: Impulse Response to a Sentiment Shock

(a) Output
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(d) Sales Weighted Average Markups
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Figure 3.3: Consumer Sentiments Over the Business Cycle

(a) Survey of Consumers, the University of Michigan

50 

60 

70 

80 

90 

100 

1963 1967 1971 1975 1979 1983 1987 1991 1995 1999 2003 2007 2011 2015 

IN
C

O
M

E
 U

P
 M

IN
U

S
 P

R
IC

E
S

 U
P

 P
L

U
S

 1
0

0
 

(b) Expectations during Recessions, de Nardi, French and Benson (2011)
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Figure 3.4: Benchmark Case, E(w
R

) = .67; fe = 1; Z = 1; θ = 1
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Figure 3.5: APL, Expectations and Retail Restructuring

(a) Low Income Expectation, E(wR ) = .53; fe = 1; Z = 1; θ = 1
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(b) Retail Restructuring: E(wR ) = .67; fe = 2; Z = .5; θ = 1

100 200 300 400 500 600 700 800 900 1000
1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

Time

O
ut

pu
t a

nd
 A

P
L

 

 

Output
APL

81



Figure 3.6: Entry and Firms, 1
Z
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Figure 3.7

(a) APL and Output, 1
Z
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Chapter 4

Competition, Markups and the

Decline of Labor Share in the

Retail Sector

4.1 Introduction

In this chapter, I provide microeconomic evidence that links retail firms’ prices to their

revenue productivity, market shares and labor shares. I then develop and analyze the

general equilibrium model of Chapter 2, extended to allow for capital accumulation

and factor specific technological progress. I use the model to better understand

relationships between consumers’ search behavior, firm heterogeneity and the long run

evolution of labor shares in the retail sector. In particular, I examine the effects of a

permanent shift in technology on the retail sector’s average markups and productivity,

and on retail labor shares. I demonstrate that the adoption of a new technology by

firms and/or consumers may contribute to the observed decline in labor share in the
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retail trade sector.

Several studies have documented a decline in aggregate labor share, the share of

gross domestic products that goes to labor. Elsby, Hobijn and Sahin (2013) carefully

document the magnitude of the decline for the US, while Karabarbounis and Neiman

(2013) describe a broad and worldwide retreat of labor income in favor of capital.

Understanding this trend is of importance for several reasons. Firstly, historically,

labor share has been roughly constant, and this fact has been used as a building block

of many macroeconomic models that feature an aggregate Cobb-Douglas production

function. A decline in labor share calls into question the validity of these models.

Secondly, the decline has raised concerns among policy makers regardomg inequality

between wage earners and capital owners.

Several papers study potential causes of the decline of aggregate labor share. In

a controversial paper, Piketty and Zucman (2014) argue that increase in aggregate

saving relative to income has led to a rise in capital’s net share of income. Karabar-

bounis and Neiman (2014) stress that the decline in the relative price of investment

goods to labor allows firms to replace labor with capital. These two papers have in

common that accumulation of capital is not fully offset by a fall in the return on

capital and this leads to a rise in the net capital’s share of national income. Rognlie

(2015), in contrast, challenges this view and documents a long run decline in capital

share, and argues that the recent rise of capital share is due to residential housing,

which arguably has no role in aggregate production.

Other views have been offered by Elsby, Hobijn and Sahin (2013) and Koh,

Santaeulalia-Llopis and Zheng (2015). The former identifies trade as the key driver.
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The latter argues for intangible assets. Others (Bentolila and Saint-Paul, 1999; Az-

mat, Manning and Van Reenen, 2012) suggest that the decline of aggregate labor

share is a result of workers’ lessened bargaining power due to deunionization.

A common theme of this literature is that all of the papers are primarily concerned

with finding an aggregate explanation for the decline of labor share. While there are

good reasons to study labor share at the aggregate level, the evidence uncovered

by these authors, and hence its interpretations are subject to multiple confounding

factors, which makes it difficult to distinguish among competing explanations.

In contrast, studying the retail sector offers several advantages relative to previ-

ous studies. First, in contrast to the manufacturing sector, the retail trade sector is

characterized by low union coverage rate1. Figure 4.1 reveals a significant decline in

retail labor share, defined as labor compensation over value added, from over 65%

to 48% from 1997 to 2012, despite almost no variation in the union coverage. Fur-

ther, a closer look at the movements of different components in labor share, as in

Figure 4.2, suggest that much of the decline is attributed to an increase in value

added. This evidence suggests that one should go beyond deregulations in labor mar-

ket to understand labor share decline in the retail sector. Secondly, in comparison to

manufacturing firms, the majority of the U.S retail firms are less exposed to interna-

tional competition, suggesting trade alone cannot account for aggregate labor share

decline. Lastly, compared with the information and the service sectors, retail output

is relatively easy to measure, hence circumventing several issues related to intangible

assets.

1According the Current Population Survey, the union coverage rate in the manufacturing sector
was 38% in 1983. In comparison, the union coverage rate in the retail trade sector was only 9.7 in the
same period. Over time, union coverage rate has experienced a dramatic decline in the manufacturing
sector to roughly 20% during the 1990s and 2000s. Nevertheless, it is still significantly higher than
that of the retail trade sector, which has been around 5% over the same period.
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Figure 4.1: Union Coverage and Labor Share in the Retail Sector, 1997 - 2012
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Sources: The Census of Retail Trade and UnionStat, Current Population Survey. Author’s

calculations. Labor share is calculated as compensation over value added gross of depreciation.

Labor compensation is calculated as the sum of annual payrolls and employment benefits, and

value added is calculated as gross margins minus the cost of purchases that are not for resale

purpose, taxes and license fees.

By focusing on the retail trade sector, this chapter makes two contributions. Em-

pirically, I provide suggestive microevidence that links firms prices to their revenue

productivities, labor shares and market shares. An important empirical regularity I

uncover is that lower price retailers not only have higher revenue productivity, but

they also have lower labor shares. I also find that periods of increased search intensity,

for example, the Great recession (2007 - 2009), in which other authors document an

increase in search intensity (Coibion et al., 2014; Hurst et al., 2013; Nevo and Wong,

2015), are associated with reallocation of market shares to lower price retail firms.

Theoretically, I construct a general equilibrium model that is an extension of the

model developed in Chapter 2. The framework developed in Chapter 2 is well suited
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Figure 4.2: Value Added, Wages and Employment Growth in the Retail Sector, 1997
- 2012
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to study issues related to the retail sector for several reasons. Firstly, the majority

of the retail trade establishments feature posted prices. Secondly, it features search

frictions that result in heterogeneity in price information. The extensions made to

the workhorse model in Chapter 2 allows us to contrast the proposed mechanism with

leading explanations that focus on production technology.

In the theory, search frictions prevent consumers from observing all prices posted

by different firms giving rise to market power. Technological innovations that increase

the subset of prices observed by consumers put a pressure on firms to lower their

prices. However, less productive firms are constrained from lowering their prices by

their high cost of production. Therefore, in face of increased competition caused by

consumers’ improved ability to identify different sellers, more frequent purchases are

made from the lower priced firms, which are also ones that have lower labor share,
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higher revenue productivity, higher markups and profits. This reallocation leads to a

decline in both labor and capital shares while simultaneously increasing profits’ share

in total value added for the industry. Under certain conditions, it also causes sales

weighted average markups to increase.

The theory is closely related to three recent empirical papers concerning firm het-

erogeneity in their cost pass through and cyclical variations in goods market frictions.

Lagakos (2016) document significant cross countries differences in labor productivity

in the retail trade sector, and these are attributable to differences in the shopping

technologies adopted by consumers. De Loecker et al. (2016) study markups, prices

and pass through in the context of trade liberalization. They find that reduction in

production costs, following a trade liberalization, is not fully pass through to con-

sumer prices, suggesting firms absorb parts of the cost reduction into their markups.

Incomplete cost pass through of technology shocks is also a feature of the model stud-

ied here. However, how markups vary following a reduction in production and entry

costs depends on the shopping technology and underlying cost distribution in ques-

tions. Concerning cyclical variations in goods market frictions, Hall (2014) argues

that in recessions, an increase in goods market frictions prevents profit margin from

rising despite falling labor share, thus driving a wedge between profit margin and

markups. The economy considered in the model can be seen as providing a structural

example to the type of product market frictions Hall identifies.

More recently, Autor et. al (2017) argue that the decline in labor share is caused

by technological innovations that favor firms whose production are capital intensive,

hence allowing these firms to capture a larger market share in the long run. While

there are similarities between this paper and theirs, important distinctions exist in
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terms of implications. Firstly, similar to many of the aforementioned studies, a decline

in the labor share in their environment is necessarily accompanied by an increase in

the capital share. This is inconsistent with evidence of the long run decline in the

capital share (Rognile, 2015). Secondly, we argue that the decline of labor share is

associated with a positive search externality as the more productive firms tend to

benefit from an increase in consumer search. In other words, it is associated with a

decrease in firms’ market power.

Most existing theories of decline in labor share focus primarily on environments

with homogenous firms and perfect or monopolistic competition. Empirical studies of

the decline of labor share rely on aggregate level analysis under the assumption that

firms react to common shocks identically. However, firm heterogeneity and search

induced variations in goods market competition may be important for understanding

issues related to the welfare consequences of labor share decline. This is because

many markets, and retail trade in particular, are characterized by search frictions

that allow firms to discriminate across informed and uninformed consumers. When

firms are heterogeneous in their productivities, and to the extent that prices reflect

firms’ types, price dispersion can be used to direct consumers’ purchases from more

productive firms. In this regard, a fall in labor share could be indicative of a more

efficient allocation of production.

The remainder of the chapter is structured as follows. In Section 2, I provide

an overview of the data and discuss some interesting empirical observations; Section

3 presents the model. Section 4 provides a numerical example illustrative of the

mechanisms of the model. Section 5 concludes.
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4.2 Motivating Empirical Evidence

Previous research (De Loecker and Warcynski, 2012 and De Loecker et. al., 2016)

shows that more productive manufacturing firms have higher markups and post lower

prices. In this section, we provide additional empirical evidence, suggesting that lower

priced retail firms have higher revenue productivity and lower labor share.

4.2.1 Data

4.2.1.1 Sales and Employment

We confine our analysis to two types of retail stores where price information is avail-

able: department stores and grocery stores. A narrower focus is useful because many

items sold at these retail locations share the same universal product codes (UPCs),

and therefore, differences in product quality is less of a concern.

For the department stores in our analysis, sales and operating expenses informa-

tion are from the Census of Retail Trade for 2007 and 2012. For the grocery stores,

sales and employment information come from two sources: Computstat and Forbes

America’s Largest Private Companies in 2007 and 2009. We focus on these periods

for two reasons. Firstly, these are the only periods with detailed publicly available

compensation information. Secondly, they cover the course of the Great Recession,

which provides an opportunity to study the types of adjustment considered in this

chapter.
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4.2.1.2 Prices

For price information on grocery stores and supermarkets, the primary source is

Consumer Reports Grocery and Supermarket Survey from 2012. Consumer Reports

is an American magazine published by Consumers Union. It publishes reviews and

comparisons of consumer products and services based on reporting and results from its

in-house testing laboratory and survey research center. The magazine is not-for-profit.

The price ranking information comes from the Reports’ Grocery and Supermarkets

ratings in 2012. The survey includes 24, 000 consumers’ ranking of 52 US’ retail chains

in the following categories: service, perishable freshness, price and cleanliness. The

reports rank prices in five categories of ascending order: Excellent (E), Very Good

(VG), Good (G), Fair (F) and Poor (P), with (E) being the lowest priced and (P)

the most expensive.

The reports have several advantages over existing for-profits online reviews and

ratings systems such as Yelp! and Amazon.com, because it is less prone to ratings

that are motivated by sellers’ incentive to increase sales (Luca and Zervas, 2016).

Also because the reviews are based on its in-house lab test, it is less influenced by

general perception that low price is associated with low quality. Price information on

its associated grocers considered in our analysis is contained in Appendix A. For the

analysis, I define low priced category as grocers that are reported to be (E) to (VG),

mid priced category (G), and high priced category (F) to (P).

4.2.2 Analysis

For the analysis of grocery stores, the unit of observation is at the individual firm

level. We define revenue productivity of grocer i in year t as its total revenue (Ri,t)
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over the number of its employees (Li,t).

rpi,t =
Ri,t

Li,t

A grocer’s market share in year t is measured as its revenue over the total revenue of

stores of all stores in the sample in year t:

msi,t =
Ri,t∑N
j=1Rj,t

.

For department stores, I also have information on labor compensation and value

added. Due to data limitations, the observations of these stores are aggregated to the

store type level. The labor share of firms of type i is defined as follows

λi,t =
wi,tLi,t
Yi,t

,

where wi,tLi,t represent the labor costs and Yi,t represents value added gross of depre-

ciation. In the Census, labor costs comprise employee compensation, and is calculated

as the sum of annual payroll and total employer costs of fringe benefits. I compute

value added as gross margins net of purchased goods and service that are not for

resale and gross of depreciation.

Table 4.1 summarizes our first findings. First, lower priced grocers tend to have

higher revenue productivity and relatively larger market shares compared with the

highest priced grocers. Second, over the period of the Great Recession, there is a

reallocation of market shares to the lowest priced grocers. As a robustness check, we

exclude grocers that have operations in different price categories (Kroger, for example

owns discount supermarket Food 4 Less). As suggested by Table 4.1, the negative
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relationship between prices and revenue productivity continues to hold. In fact, the

reallocation of market shares during this period becomes even more pronounced.

We now consider general merchandise stores. Comparing these two types of retail

firms side by side is useful for two reasons. Traditionally, general merchandise stores

have much lower union coverage compared with grocery stores (i.e., 7.4% among de-

partment stores vs. 33.1% for grocery stores in 1983). Moreover, general merchandise

stores are also more exposed to trade.

For 2007 and 2012, detailed information on operating expenses at the store type

level are made available publicly by the Census of Retail Trade. I focus on department

stores because categorization of these stores reveals their price information. These

stores include regular department stores (NAICS 452110) such as JCPenney and

Kohl’s, discount department stores (NAICS 452111) such as Walmart and Target,

warehouses and supercentre (NAICS 452112) such as Costco and Sam’s Club (also

owned by Walmart), and other general stores (NAICS 452900) such as Dollar Tree

and Five Below.

Table 4.2 reveals a similar pattern that relates firms prices to their market shares

and labor shares. First, higher price department stores tend to have much higher

labor share and smaller market shares. Second, during the period that encompasses

the Great Recession, aggregate labor share of department store decline by 7%, and

this is primarily driven by a decline of labor share among warehouse stores and

supercentres alone. A deeper look at the figures reveals substantial heterogeneity in

the movement in value added and labor shares. In particular, the increase in labor

share in department stores and discount department stores is primarily driven by

a decline in value added rather than an increase in labor costs. As in the case of
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Table 4.1: Price, Market Shares and Revenue Productivity, 2007 - 2009

All Excl. Multi Chains
Revenue Productivity Market Shares Revenue Productivity Market Shares

2009
Low Price 269.47 36% 235.05 37%
Mid Price 204.02 57% 187.26 53%
High Price 189.56 7.0% 189.56 10%

2007
Low Price 283.59 28% 224.81 23%
Mid Price 190.68 66% 176.22 68%
High Price 169.77 6.0% 169.77 10%

Change in Market Share 2007 - 2009
Low Price 8.0% 14.0%
Mid Price -8.0% -15.0%
High Price 0.1% 0.0%

Source: Consumer Reports, 2012, Computstat and Forbes, 2007 - 2009; There are

24 firms in the sample for 2009 and 28 for 2007. Author’s calculations. See
appendix for more details

grocery stores, there appears to be a reallocation of market shares to the lower priced

department stores during the Great Recession. This reallocation is consistent with

evidence on increased shopping intensity during the Great Recession (Aguiar, Hurst

and Karababounis, 2013; Coibion et al., 2014; Nevo and Wong, 2015).

In summary, the data examined in this section suggests three main findings.

Firstly, firms’ prices are positively related to their labor share and are negatively

related to their revenue productivity. Secondly, the decline in retail labor share is

attributed to an increase in value added and market shares in lower priced retailers.

Finally, the decline in labor share occurs over the same period in which other authors

have documented an increase in consumers’ search intensity.
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Table 4.2: Labor Shares and Market Share, Department Stores 2007 and 2012

2012 2007
Market Share Labor Share Market Share Labor Share

Total dept. stores 50.5% 57.1%
Regular dept. stores 9.8% 66.4% 13.3% 62.9%
Discount dept. stores 17.8% 54.6% 22.9% 54.4%

Warehouse and supercentres 63.3% 49.1% 56.2% 57.2%
Other general merchandise stores 9.14% 35.1% 7.6% 34.1%

Source: the Census of Retail Trade, 2007 and 2012. Author’s calculations.

Table 4.3: Change in Market Share, Labor Share and Value Added 2007 - 2012

Market Share Labor Share Value Added
Regular dept. stores -3.5% 3.5% -15.6%
Discount dept. stores -5.1% 0.02% -14.6%

Warehouse and supercentres 7.1% -8.2% 24.9%
Other general merchandise stores 1.5% 1.0% 45.0%

Source: the Census of Retail Trade, 2007 and 2012. Author’s calculations.

4.3 The Model

The goal of this theoretical section is to develop a general equilibrium model that

is consistent with these empirical findings on the microeconomic level. The model

follows the framework developed in Chapter 2, extended to allow for capital accumu-

lation by households, and factor augmenting technical progress. The timing of the

events follows Chapter 2 closely.

Households value the stream of consumption ct, and incur disutility from search

st and work lt, according to a quasi-linear and time separable utility function:

u(ct, lt, st) =
∞∑
t=0

(
c1−σ
t − 1

1− σ
− (ηst + lt)

)
. (4.3.1)
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Let qk(µt) be the measure of shoppers that are randomly selected to sample k ≥ 1

stores. I follow Herrenbrueck (2015) and assume that it is distributed according to a

Negative Binomial distribution, with b and p being the failure and success probability

respectively.

qk(µt) =
Γ(k + a− 1)

Γ(k)Γ(a− 1)
pk(1− p)b.

where Γ(·) denote the Gamma function, i.e., Γ(k) = (k − 1)!. For concreteness,

imagine that the number of price quotes observed by consumers is determined by a

process of coin tossing. If we define heads as failure and tails as successes, and let the

household throw a die repeatedly until ath times a head comes up, the formulation

says that the number of price quotes observed by households is simply the k tails

that occur until a head comes up at the ath times. In practice, a more convenient

parametrization is to the unconditional mean µ = k, and a dispersion parameter

φ = 1
a

to replace (a, φ).

qk(µt) =
Γ(k + 1/φ)

Γ(k + 1)Γ(1/φ)
(1 + φµt)

−1/φ

(
φµt

1 + φµt

)k
, (4.3.2)

At this stage, production has not taken place, and therefore, households must

form beliefs about the equilibrium wages wt(Ωt), dividend income Πt(Ωt), interest rate

it(Ωt), and the expected transacted prices P̄t(Ωt). Let Gt(pt,Ωt) with support pt ∈ R+

be households’ belief about the equilibrium price distribution conditional on their

sentiments. Goods are purchased at the lowest price sampled and the distribution of
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the transacted prices is given by

Jt(pt,Ω) =
1

1− q0

∞∑
k=1

qk(µt)
{

1− (1−Gt(pt,Ωt))
k
}

=
1− (1 + φµGt(pt,Ωt))

−1/φ

1− (1 + φµ)−1/φ
. (4.3.3)

Because goods are purchased as long as their prices are no greater than the reser-

vation price, this implies that the probability of purchase is simply given by Jt(rt,Ω).

Combining this and the distribution of transacted prices, we have the expected trans-

acted price P̄t(Ωt) as follows

P̄t(Ωt) =

∫ rt
0
ptdJt(pt,Ωt)

Jt(rt,Ωt)
. (4.3.4)

Households finance their purchases by means of labor, capital and dividend in-

come. This leads to the following budget constraint:

P̄tCt = wtlt + itKt + Πt. (4.3.5)

To ease interpretation, I drop the dependence on the aggregate state Ωt henceforth.

Accumulation of capital is subject the following law of motion

Kt+1 = (1− δ)Kt + It+1. (4.3.6)

The total amount of goods purchased is equal to the number of successful shopping

trips. This implies the following resource constraint:

ct + It+1 = stJ(rt), (4.3.7)
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where It+1 is the investment level for t+ 1 chosen by households at time t.

Households maximize their lifetime utility by choices of consumption, ct, search

activity, st, labor supply, lt, investment It+1, and the reservation price, rt, based on

their forecasts of equilibrium wage, wt, prices P̄t, dividend income Πt, and interest

rate it, subject to (4.3.6) to (4.3.5) and the following time constraint

st + lt ≤ 1. (4.3.8)

The first order conditions associated with the interior solutions are:

rt =
ηwt
J(rt)

+ P̄t; (4.3.9)

(
wt
rt

)
c−σt = 1. (4.3.10)

uc,t = Etβt+1

(
uc,t+1

(
it+1

rt+1

+ (1− δ)
))

(4.3.11)

The first two conditions are identical to Chapter 2. Condition (4.3.11) is the Euler

equation stating that households are indifferent between consuming and saving at

time t.

The problems faced by entrepreneurs and firms follows Chapter 2 closely. Let 1
Z

denote aggregate TFP level, and α be the share of capital used in production. For a

firm with cost draw z, the production function is given by

yt =
1

Ztz
kαt l

1−α
t . (4.3.12)
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The probability of making a sale for a firm that posts price pt, conditional on being

matched with a shopper is

At(pt) =
1

1− q0

∞∑
k=1

qk(µt)(1−Gt(pt))
k−1. (4.3.13)

Firms are assumed to be able to sell to the whole market, St, at zero cost. This

implies that the probability of being matched with a shopper with k price quotes is

Stk
Ne
t

, and the expected sales for this firm is given by

Tt(pt) =

∑∞
k=1 Stkqk(µt)(1−Gt(pt))

k−1

N e
t

. (4.3.14)

As in Chapter 2, firms’ prices are ranked by their respective cost parameters and

this implies that equilibrium price distribution is a transformation of the distribution

of firms: H̃t(z) = Gt(pt). Henceforth, I replace At(pt) with At(H̃t(z), µt), and Tt(pt)

with Tt(H̃t(z), µt) to reflect dependence of firms’ pricing decision on the distribution

of firms H̃t(z), and search intensity µt. Following the steps in Chapter 2 and solving

for firm z’s cost minimization problem leads to the following marginal cost function

mct(z) = wtZtz

(
it
wt

)α((
1− α
α

)α
+

(
1− α
α

)α−1
)
, (4.3.15)

and its demand for labor and capital is given by

lp,t(z) = Ztz

(
it
wt

1− α
α

)α
Tt(H̃t(z), µt), (4.3.16)

kt(z) = Ztz

(
it
wt

1− α
α

)α−1

Tt(H̃t(z), µt) (4.3.17)
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Solving a firm’s profit maximization problem leads to the following pricing function

for z ∈ [z, z∗):

pt(z) =
RtA(1, µt)

At(H̃t(z), µt)
+

∫ z∗t

z

mc(a)

(
AH̃,t(H̃t(a), µt)

At(H̃t(z), µt)

)
h̃t(a)da, (4.3.18)

where At(1, µt) is the measure of captive buyers conditional on firms being matched.

As in Chapter 2, firms that are indifferent between entering and exiting make zero

profits and post reservation price R,

πt(z
∗
t ) = Rt. (4.3.19)

The expected profit for a perspective entrant is given by,

π̄t =

∫ z∗t

z

πt(z)h̃t(z)dz.

Entrepreneurs enter until profits are driven to zero. With probability Ht(z
∗
t ) they earn

an expected profit equal to
∫ z∗
z
π(z)h̃(z)dz − Ztwtf ; and with probability 1−H(z∗),

they bear a loss equal to −Ztwf . This leads to the following free entry condition

Ht(z
∗
t )

∫ z∗t

z

π(z)h̃t(z)dz = Ztwtf. (4.3.20)

The cut-off cost level for operation satisfies π(z∗t ) = 0. Combining this and the pricing

decision of firm z∗t , (4.3.22) we have

z∗t =
1

Zt

1(
1−α
α

)α
+
(

1−α
α

)α−1

(
wt
Rt

)α−1(
it
Rt

)−α
. (4.3.21)
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In contrast to the model in Chapter 2, here the cut-off not only depends on expected

real wage, but also on real interest rates i
R

.

Definition 4.3.1. A Stationary Search Equilibrium (SSE) consists a sequence of in-

dividual household decision rules (c(Ω), s(Ω), l(Ω), K(Ω)) and the reservation price

r(Ω), firms’ pricing decisions p(z,Ω) and entrants’ entry decisions, aggregate alloca-

tions (C, S, L,K), prices (w, i, R, P̄ ), and a distribution of prices G(p), such that

1. Beliefs are rational: Ω = w
R

, and beliefs about equilibrium prices (w(Ω), r(Ω), P̄ (Ω), i(Ω))

and the distribution of prices G(p; Ω) are consistent with the realized prices

(w, i, R, P̄ ), and the distribution of prices G(p)

2. c(Ω), s(Ω), l(Ω), K(Ω) and the reservation price r(Ω) maximize household’s util-

ity;

3. p(z; Ω) maximizes firms’ expected profits for all z ∈ [z, z∗(Ω)];

4. Both goods market, labor market and capital market clears, s(Ω) = S, l(Ω) = L,

and K(Ω) = K

Henceforth, I focus on stationary equilibrium where consumption and capital are

constant over time, and suppress the time subscript. In a stationary search equilib-

rium, constant consumption and capital imply that real interest rate is a function of

discount factor gross of depreciation:

1 +
i

R
=

1

β
+ δ (4.3.22)

Combining households’ first order condition (4.3.10) and goods market clearing

condition, we have aggregate output as a function of consumption and depreciated
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capital

S =
(w
R

) 1
σ

+ δK, (4.3.23)

Firms produce as much as demanded by households, and because there is no

inventory, output must be equal to total transactions,

Y = N e

∫ z∗

z

y(z))h̃(z)dz = S (4.3.24)

Market clears for labor used in both production and entry:

L = Lp + Le

= N e
t

∫ z∗

z

lp(z)h̃(z)dz + ZNf (4.3.25)

Firms enter until profits are driven to zero,

ZNwf = St

∫ z∗t

z

(p(z)−mc(z))A(H̃t(z), µ)h̃(z)dz. (4.3.26)

This, together with aggregate accounting implies

wL+ iK = P̄C − Π = P̄C =⇒ wLp + iK = P̄C − wLe, (4.3.27)

Proposition 4.3.1. If H(z) is twice continuously differentiable and if µ(N e) ≤
1

zh̃(z)(1+1/φ)−φH̃(z)
, ∀ z ∈ [z, z∗], then the more productive firms have lower labor share:

∂

∂z

(
wlp(z)

p(z)T (p(z))

)
< 0 (4.3.28)
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Proof. Follows from Proposition 2.2.1.

4.4 Numerical Experiments

In the theory, sentiments can affect macroeconomic variables in a complex way, de-

pending on goods market fundamentals such as the distribution of costs, and prefer-

ences. In general, it is difficult to obtain comparative statics analytically. Therefore, I

present several numerical examples to illustrate the features of SSE, and demonstrate

how these macroeconomic variables are affected by different realization of sentiments,

Ω. Table 4.4 summarizes the parameters use for the benchmark example where search

intensity is exogenous. In general, the benchmark parametrization follows Chapter

2 and 3 closely. The key difference is the the shape parameter φ and the contact

frequency µ. We set these parameters at µ = 1.0001 and φ = −0.6 and the implied

variance of the sales distribution is equal to 3.61 to 4. The goal here is not to match

all the second moment of the sales distribution but to illustrate that the theory can

qualitatively account for the decline in labor share if we only change the contact

frequency µ.

Figures 4.3a to 4.3b illustrate how output (shopping time), employment, capital

and markups are related to sentiments. These relationships are broadly consistent

with Chapter 2. For example, sentiments are positively related to output, employment

and capital investment but negatively related to markups.
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Table 4.4: Parametrization

Benchmark Parameter
Preference σ = 1.03, η = 0.01

Discount factor β = 0.95, δ = .05
Production Function α = 0.35, Z = 4

Goods market frictions µ = 1.0001, φ = −0.6
Distribution of Costs z = 0.001, m = 0.02, ν = 0.35

Figure 4.3: Real Income, Output, Markups, Employment and Capital
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4.4.1 Fixed Search Intensity

The first exercise is to increase the contact frequency µ from 1.0 to 1.1 while hold-

ing sentiment Ω and the cost of entry Z constant to demonstrate the reallocative

effect that search has on factor income shares and markups. The comparative statics

are summarized by Figures 4.4a to 4.4b. Figure 4.4a suggests that both labor share

and capital share decline following an increase in contact frequency. This decline

is primarily driven by the composition of sales across heterogeneous firms. At the

individual firm level, however, labor share increases through a reduction in markups.

To see this, note that firm z’s labor share is given by ls(z) = w
p(z)

(
Zz
(

1−α
α

i
w

)α)
. An
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increase in µ increases w
p(z)

by putting pressure on firms to lower prices. Therefore,

individual firms’ labor shares always rise following an increase in µ, with the excep-

tion of the least productive firms which post reservation prices and have markups

equal to one. Given that individual firm’s labor share increases in µ, the only way

that aggregate labor share falls is through reallocation of market shares to the more

productive firms which have lower labor shares.

The response of profit shares and sales weighted average markups to variations in

µ are presented in Figure 4.4b. Profit share is defined as the fraction of total value

added used for entry. Following an increase in µ, expected profit margins for entrants∫ z∗
z

(
1− mc(z)

p(z)

)
h̃(z)dz falls because again p(z) falls. However, a larger µ also increases

the weight of lower cost realization, A(H̃(z), µ). Because profits associated with lower

cost realization is higher, this effect increases the expected profits of entrants, and

hence entry. In our example, profit share increases despite falling profit margins,

suggesting that the second effect dominate.

In contrast, sales weighted average markups fall with larger µ. In theory, an

increase in µ could lead to an increase in sales weighted average markups through

reallocation of market shares to the lower cost firms that have higher markups de-

spite markups fall at the individual firm level. In the current setting, however, this

reallocative effect of increased search intensity is limited by the fact that goods are

divisible (as each shopper can only purchase one unit of good). This feature implies

that the pricing function is sales deflated sum of the reservation price and marginal

revenue forgone (equation 4.3.18).
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Figure 4.4: Effects of µ on Labor and Capital Shares, Markups and Entry

(a) Capital and Labor Share
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(b) Profit Share and Markups
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4.4.2 Distribution of Costs

The underlying distribution of costs is a crucial component of the model. While

search affects goods market competition by varying the composition of sales across

heterogeneous firms, the extent to which it affects competition, and hence its effect on

factor income shares and markups hinges crucially on the distribution of costs. Figure

4.5 depicts two cost distributions that differ in their mean. In the benchmark scenario

(with m = 0.02), the density of relatively more productive firms is the highest. In

contrast, under the alternative (with m = 1), the density of the least productive

firms is the highest. Figures 4.6a to 4.6b demonstrate how labor share and markups

respond to an increase in µ under alternative assumptions on the cost distribution.

As suggested by these figures, the fall in both labor shares and markups is much

more pronounced under the benchmark scenario. Moreover, both labor shares and

markups are much higher under the alternative specification of cost distribution that

has a higher mean.
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Consider the case of the alternative, in which a large fraction of the firms are the

least productive. Because these firms have close to one markups and sell mostly to

captive buyers, an increase in search intensity does not affect the markups and labor

shares of these firms by much.2 On the lower end of the distribution, however, the

density of firms that share similar lower cost level is almost zero. As such, pressure

to lower markups to sell to consumers in face of competition that results from an

increase in search intensity is very limited. These features result in very little price

dispersion, and the lack of price dispersion implies that consumers simply cannot

distinguish among different types of sellers. Therefore, an increase in search intensity

results in relatively little reallocation, and hence the decline in markups and labor

shares is limited.

In contrast, under the benchmark scenario, the density of firms with similar lower

cost level is higher, and competition for consumers as a result of an increase in search

intensity causes these firms to lower markups by a lot more relative to the alternative

scenario. In this case, price dispersion facilitate reallocation, resulting in a steeper

decline in labor share.

4.4.3 Endogenous Contact Frequency

In the third exercise, I consider a modification of the prototype model presented in

the previous section by endogenizing the search intensity to demonstrate how tech-

nological improvement interacts with search to generate variations in factor income

shares and markups. As in Chapter 2, I allow the number of price quotes observed

by consumers to be a function of the measure of firms in the market. The contact

2Indeed, as demonstrated in Chapter 2, these firms have a cost pass through elasticity of senti-
ments equal to 1.
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Figure 4.5: Distribution of Firms
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frequency is given by

µ(N e) = 1 + ω (N e)γ

I calibrate γ = 1
3

and ω = 1/5 so that the dispersion of sales is equal to roughly

3.6 with the shape parameter set to φ = −0.6. Figures 4.7a to 4.7d demonstrates

the effect that a fall in the aggregate marginal cost of production and entry, Z, has

on search intensity, factor income shares and markups. In Figure 4.7a, a fall in Z

lower the cost of entry and increase the measure of firms in the market. Through this

channel, it increases the average number of price quotes observed by consumers.

Similar to the case with fixed search intensity, Figure 4.7b suggests that labor share

falls as contact frequency increases. However, the decline is much more pronounced

when compared to the benchmark scenario. Take a realized sentiment level Ω = .08

for example, increasing the contact frequency from 1.07 to 1.1 results in a reduction of

labor share of roughly 10% (from over 40% to slightly more than 30%). In general, the

effect of a reduction of Z on labor share is twofold. On the one hand, it increases the
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Figure 4.6: Distribution of Costs, Labor Share and Markups

(a) Labor Share
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contact frequency through entry, and therefore, increases the labor share of individual

firms as in the benchmark scenario. On the other, a reduction of Z also lowers

the marginal cost of production of individual firms while simultaneously increases

reallocation of market shares through its effect on µ. In the benchmark scenario, the

decline of labor share is less pronounced because the reallocation effect of increased

search intensity is limited by the increase in labor share at the individual firm level.

However, this is no longer true with a variable Z.

Compared to the benchmark scenario, sales weighted average markups increase

with contact frequency here. The reason for this is as follows. While a reduction in Z

leads to an increase in search intensity and hence, lowering individual firms’ markups

through competition for consumers with multiple price quotes, it also reduces the

marginal revenue that firms forgo to sell to these consumers. In the calibrated example

here, the second effect dominates and markups increase following a reduction in Z.

However, this is not a given, and as we have demonstrated earlier, the effect of search

intensity on markups depends on both the contact frequency and the underlying cost
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distribution.

In Figures 4.8a and 4.8b, we recalibrate the parameters of the contact frequency,

ω = 1 and γ = 1
3

so that the dispersion of sales is equal to 4.16. As suggested in

Figure 4.8a, the contact frequency is now significantly higher than the benchmark

scenario. In contrast, entry associated with lower Z does not lead to much variations

in the density of lower cost firms with similar cost level, as suggested in Figure 4.9.

As a result of an increase in competition, these firms are faced with more pressure

to lower their prices to sell to bargain discoverers than firms on the upper and lower

end of the cost distribution due to the high density of competitors with similar cost

level. In the benchmark calibration, the cost reduction effect of Z dominates when

incremental increase in search intensity is small, and results in an increase in average

markups. This is no longer true when search intensity is significantly high.

This exercise also suggests that the relationship between technological improve-

ment, competition and markups are in general complex, depending on goods market

fundamentals such as the shopping technology and the underlying cost distribution.

Two studies offer empirical support to the type of markups adjustment studied here.

De Loecker et. al (2016) provide the first estimates of markups that do not require

assumptions on market structure and demand curve faced by the firms. They find

that a reduction in economy wide marginal cost of production has the expected pro-

competitive effect by increasing entry. However, cost reduction is not fully passed

through to consumers, suggesting that markups increase. Therefore, there appears

to be a positive relationship between technological improvement, competition and
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markups. In another closely related paper, Aghion et al. (2005), document a non-

monotonic relationship between technological progress (R&D) and markups3 in pub-

lic traded firms of UK. In industry where firms are close competitors, markups fall

with technological progress, and in industries where firms are unleveled competitors,

the opposite happens. The theory studied here provide an example to these type of

markups adjustment, and in particular, it identifies the conditions under which these

relationships are expected.

4.4.4 Alternative Production Functions

In this section, I am interested in how labor share, markups and profit share respond

to search intensity and technology improvement under alternative production tech-

nologies (substitutability if ρ > 1, and compelementarity if ρ < 1). The exercise is

useful as it allows us to contrast the mechanism proposed in this chapter with existing

theories. These explanations, whether it is the accumulation point of view or trade

or deunionization, share one common theme that labor share decline because labor is

replaced by capital over time. In other words, the elasticity of substitution between

capital and labor needs to be much larger than 1 to account for the decline in labor

share. However, empirical evidence on this type of capital-labor-substitubility is very

limited. According to Oberfield and Raval (2014), the elasticity of substitution be-

tween capital and labor is around 0.7 in developed countries and only slightly over

1 in developing countries. Therefore, substitutability alone cannot account for the

worldwide retreat of labor income.

I assume that production is subject to factor specific technological progress. The

3In Aghion et al. (2005), markups is used as a proxy for competition.
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Figure 4.7: Endogenous Search Intensity

(a) Contact Frequency, µ
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(c) Capital Share
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(d) Markups
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effective capital and labor are λk,tkt and λl,tl
p
t , respectively. Let α be the share of the

effective capital used in production and ρ ne the elasticity of substitution between

effective labor and capital. The production function of a firm with a cost draw z is

given by

y =
1

z

{
α (λk,tkt)

ρ−1
ρ + (1− α) (λl,tl

p
t )

ρ−1
ρ

} ρ
ρ−1

,

and its marginal cost function is given by
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Figure 4.8: Alternative µ(N e), with ω = 1

(a) Contact Frequency, µ
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mct =
z

λk,tα
ρ
ρ−1

it

{
1 +

(
1− α
α

)ρ(
it
wt

λl,t
λk,t

)ρ−1
} 1

1−ρ

,

Figures 4.10a to 4.10d present the result of this exercise holding sentiment con-

stant, Ω = .045. As these figures suggest, a shift in the labor augmenting technology

lowers the marginal cost of production and leads to higher entry. This in turn causes

the contact frequency to increase. As in the case of Cobb-Douglas production, labor

and capital shares decline as a result of reallocation. Moreover, these figures suggest

that this type of reallocation is independent of whether capital and labor are substi-

tutes. This is expected because in the model studies here, what drives variations in

labor and profit shares and markups is search induced variations in market structure.

These changes are summarized by the contact frequency µ and the distribution of

firms H̃(z), which does not depend on production technology.
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Figure 4.9: Distribution of Firms, Ω = 0.04
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4.5 Conclusion

The share of labor income in total value added has been roughly constant historically.

Since the late 1990s, it has declined significantly in both developed and developing

countries. While there are debates about the actual magnitude of this decline, under-

standing why labor share has declined is of interest because it touches upon topics as

diverse as the nature of aggregate production function, the impact of trade and the

origins of income inequality.

In this chapter, I document several facts concerning the relationship between

prices, labor share and market shares in a subset of retail firms. I find that lower priced

retail firms have higher revenue productivities, lower labor shares and larger market

shares. I also find suggestive evidence that periods of increased search intensity is

associated with a reallocation of market shares to lower price firms and hence, a

decline in labor share is associated with an increase in search intensity.

I then construct a general equilibrium model that extends the workhorse model

in Chapter 2 to allow for capital accumulation. Under certain conditions on the
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Figure 4.10: Alternative Production Technology
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(c) Capital Share
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(d) Markups
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shopping technology and the underlying cost distribution, the model generates firm

differences in prices, labor shares and market shares that are consistent with the

empirical facts documented in this chapter. I then conduct several numerical examples

to show that increased search intensity, as a result of technological progress, could

lead to simultaneous decline in labor and capital shares. Depending on the goods

market fundamentals, sales weighted average markups can either increase or decline.

I also show that the proposed mechanism is robust to assumptions on the production
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technology and therefore, it has the potential to offer a more universal explanation

for the global decline in labor share.
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Chapter 5

Conclusions

This thesis develops a novel theory to examine interactions among consumer search,

household sentiments and the dynamics of industries comprised of heterogeneous

firms. Three novel channels relating search intensity to market power are identified.

These are associated with the maximum labour cost at which firms will choose to

enter given search and thus demand; the composition of the distribution of firms with

regard to their individual productivities; and firms’ overall market power dictated

by the extent to which consumers on average sample multiple stores. In the theory,

both industry characteristics (e.g. the pass-through of costs to prices) and aspects

of aggregate fluctuations (e.g. cyclical movements of average labor productivity) are

significantly affected by variations in firms’ market power. Firms’ market power itself

is determined in part by consumers’ search intensity; which is determined in turn by

their beliefs about their future real income (sentiments).

Firm heterogeneity with respect to productivity is an important feature in the

environment for generating the mechanisms described above. These firm-level dif-

ferences imply that firms do not react in the same way to shocks associated with
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changes in consumers’ beliefs about future aggregate income. Hence, shocks reallo-

cate demand to lower-priced firms through increased search intensity which benefits

high-productivity firms and harms low productivity ones. This shifting of market

shares from low to high productivity producers, in turn, reduces employment relative

to output and increases the average product of labour.

It is also important to note that the mechanisms at work in the model which leads

to these results dot not rely on sticky prices or wages. Moreover, over the business

cycle, employment fluctuations can be as large as those in output even though real

wages are flexible here. Thus, the model provides a micro-founded alternative from

both standard neoclassical models and sticky-price New Keynesian ones that is useful

for understanding fluctuations in market power, productivity, and employment.

These mechanisms are demonstrated using computational experiments of a cal-

ibrated version of the economy. For example, I show that long-run technological

advances may have contributed to the observed decline in the correlation of aver-

age labour productivity with both output and employment by improving consumers’

ability to identify lower-priced sellers, and thus re-directing their demand accordingly.

The theory also touches upon two additional themes. First, concerning the re-

lationship between competition and markups, it provides a counter-example to the

traditional view that the market concentration ratio is a good proxy for market power

or the average markup. Here, it is shown that a positive correlation between concen-

tration and markups will not hold if the more productive firms have higher markups,

as has been found recently in empirical work. Secondly, regarding the relationship

between competition and industry productivity, here less competition can increase

productivity because increased search allows the most productive firms to be selected
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more often by consumers and so those firms will have higher market shares. As a

result, the aggregate price level will be lower and productivity will be higher.

Several extensions of the theory are possible and will be undertaken in the fu-

ture. First, it would be useful to study the empirical evidence on heterogeneity in

factor shares at the firm level in order to distinguish among alternative mechanisms

that might be behind the fall in the aggregate labor income share. To study this

thoroughly requires firm-level data on sales, employment and compensation. This

information is available, for example, in the Census of Retail Trade. Secondly, it

would be useful to calibrate the parameters of the matching function to be consis-

tent with the observed sales distribution. Thirdly, in the current setting with capital

in the model all firms have identical ratios of capital to labor, but this is could be

relaxed. While heterogeneity in this respect may be expected to affect the factor

income shares quantitatively, the key predictions of the thesis regarding the decline

in average markups and labor share over time should not change. Finally, future work

could include consumer heterogeneity and/or wage heterogeneity across firms.
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Elsby, M. W., B. Hobijn, and A. Şahin (2013): “The Decline of the US Labor Share,”

Brookings Papers on Economic Activity, 2013(2), 1–63.

Farmer, R. (2010): Expectations, Employment and Prices. Oxford University Press, New

York.

Farmer, R., and G. Jang-Ting (1994): “Real Business Cycles and the Animal Spirits

Hypothesis,” Journal of Economic Theory, 63(1), 42–72.

Foster, L., J. Haltiwanger, and C. Krizan (2006): “Market Selection, Realloca-

tion, and Restructuring in the U.S. Retail Trade Sector in the 1990s,” Review of

Economics and Statistics, 88(4), 748–758.

Foster, L., J. Haltiwanger, and C. Syverson (2008): “Reallocation, Firm Turnover,

and Efficiency: Selection on Productivity or Profitability?,” American Economic

Review, 98(1), 394–425.

Froot, K. A., and P. D. Klemperer (1989): “Exchange Rate Pass-Through when

Market Share Matters,” American Economic Review, 79(4), 637–654.

Gali, J. (1994): “Monopolistic Competition, Business Cycles, and the Composition of

Aggregate Demand,” Journal of Economic Theory, 63(1), 73–96.

124



Gali, J., and T. van Rens (2014): “The Vanishing Procyclicality of Labor Productivity,”

CEPR Discussion Paper 9853.

Garın, J., M. Pries, and E. Sims (2017): “Reallocation and the Changing Nature

of Economic Fluctuations,” American Economic Journal: Marcoeconomics (forth-

coming).

Gourio, F., and L. Rudanko (2014): “Customer Capital,” Review of Economic Studies,

83(3), 1102–1136.

Grossman, G. M., and E. Helpman (1991): “Quality Ladders in the Theory of

Growth,” The Review of Economic Studies, 58(1), 43–61.

Hall, R. (2014): “What the Cyclical Response of Advertising Reveals about Markups

and other Macroeconomic Wedges,” NBER Working Paper 18370.

Head, A., and A. Kumar (2005): “Price Dispersion, Inflation and Welfare,” Interna-

tional Economic Review, 46(2), 533–572.

Head, A., A. Kumar, and B. Lapham (2010): “Market Power, Price Adjustment, and

Inflation,” International Economic Review, 51(1), 73–98.

Head, A., and B. Lapham (2006): “Search, Market Power, and Inflation Dynamics,”

Manuscript, Queen’s University.

Head, A., L. Q. Liu, G. Menzio, and R. Wright (2012): “Sticky Prices: A New

Monetarist Approach,” Journal of the European Economic Association, 10(5), 939–

973.

125



Herrenbrueck, L. (2017): “A General Equilibrium Open-economy Model with Money,

Endogenous Search and Heterogenous Firms,” Economic Inquiry (forthcoming).

Hipple, S. F. (2010): “Self-Employment in the United States,” Monthly Labor Review,

133(9), 17–32.

Hopenhayn, H., and R. Rogerson (1993): “Job turnover and policy evaluation: A

general equilibrium analysis,” Journal of political Economy, 101(5), 915–938.

Hopenhayn, H. A. (1992): “Entry, Exit, and Firm Dynamics in Long Run Equilibrium,”

Econometrica, 60(5), 1127–1150.

Hsieh, C.-T., and P. J. Klenow (2009): “Misallocation and Manufacturing TFP in

China and India,” Quarterly Journal of Economics, 124(4), 1403–1448.

Kaplan, G., and G. Menzio (2015): “The Morphology of Price Dispersion,” Interna-

tional Economic Review, 56(4), 1165–1206.

(2016): “Shopping Externalities and Self-Fulfilling Unemployment Fluctuations,”

Journal of Political Economy, 124(3), 771–825.

Karabarbounis, L., and B. Neiman (2014): “The Global Decline of the Labor Share,”

Quarterly Journal of Economics, 129(1), 61–103.

Kasa, K. (1992): “Adjustment Costs and Pricing-to-Market Theory and Evidence,” Jour-

nal of International Economics, 32(1–2), 1–30.

Kehrig, M. (2015): “The Cyclical Nature of the Productivity Distribution,” Working

Paper.

126



Klette, T. J., and S. Kortum (2004): “Innovating firms and aggregate innovation,”

Journal of political economy, 112(5), 986–1018.
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Appendix A

A.1 Household’s Optimization Problem

Households choose the reservation price rt, shopping, st, consumption ct and labor lt
to maximize lifetime utility subject to time, resource and budget constraints:

max
ct,st,rt,lt

∞
t=0

Et
∞∑
t=0

βt (u(ct)− (ηst + lt))

s.t. st + lt ≤ 1

P̄tct = wtlt + Πt

ct = stJ(rt)

P̄t =

∫ rt
0
ptdJ(rt)

J(rt)
,

Define λt and νt as the Lagrangean multipliers associated with the time and budget
constraints. The Lagrangean of the maximization problem is:

L ≡
∞∑
0

βt
{

(u(ct)− (ηst + lt)) + λt(1− st − lt) + νt(wtlt + Πt − P̄tct)
}

Replace ct in terms of st and rt using the resource constraint, ct = stJ(rt). The
first order conditions associated with households’ allocations are given by

st : βt
{
u′(ct)J(rt)− η − λt − νtP̄tJ(rt)

}
= 0; (A.1.1)

lt : βt {−1− λt + νtwt} = 0; (A.1.2)

rt : βt
{
u′(ct)stJ

′(rt)− νt
(
∂P̄t
∂rt

ct + P̄tstJr(rt)

)}
= 0, (A.1.3)

where the derivative of mean transacted price P̄t w.r.t. reservation price rt in equation
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(A.1.3), is given by ∂P̄t
∂rt

=
∂
∂rt

(
∫ rt
0 ptdJ(pt))J(rt)−(

∫ rt
0 ptdJ(rt))Jr(rt)

(J(rt))2
. By Leibniz Rule,

∂

∂rt

∫ rt

0

ptdJ(pt) = J(rt) + rtJ(rt)−
∂

∂rt

∫ rt

0

J(pt)dpt

= J(rt) + rtJr(rt)− (J(rt)− J(0))

= rtJr(rt) (A.1.4)

Use equation (A.1.4) in ∂P̄t
∂rt

, we have

∂P̄t
∂rt

=
rtJr(rt)J(rt)− (

∫ rt
0
ptdJ(rt))Jr(rt)

(J(rt))2
=

(rt − P̄t)Jr(rt)
J(rt)

(A.1.5)

Use equation (A.1.5) in (A.1.3) to obtain:

0 = u′(ct)stJr(rt)− νt
(
ctJr(rt)

rt − P̄t
J(rt)

+ P̄tstJr(rt)

)
= u′(ct)st − νt

(
ct
rt − P̄t
J(rt)

+ P̄tst

)
= u′(ct)ct − νtctrt

=⇒ rt =
u′(ct)

νt
(A.1.6)

Interior solution requires that the time constraint does not bind and hence, λt = 0.
From equation (A.1.2),

νt =
1

wt
(A.1.7)

Now use equations (A.1.6) and (A.1.7) in (A.1.1),

0 =
u′(ct)J(rt)− η

νt
− P̄tJ(rt)

=⇒ 0 = rtJ(rt)− ηwt − P̄tJ(rt)

=⇒ rt =
ηwt
J(rt)

+ P̄t (A.1.8)
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A.2 Firm’s Problem

A.2.1 Optimal Pricing Functions

Rearranging firms’ first order condition to yield:

p(z)h̃(z)AH̃(·) + A(·)p′(z) = mc(z)h̃(z)AH̃(·)

The general solution to this ordinary differential equation is given by:

p(z) =

∫ z∗
z

mc(a)h̃(a)AH̃(·)
A(·)

(
e
∫ h̃(z)A

H̃
(·)

A(·) dz

)
h̃(z)dz + c

e
∫ h̃(z)A

H̃
(·)

A(·) dz

. (A.2.1)

Also, we know ∫
h̃(z)AH̃(·)
A(·)

dz = lnA(·). (A.2.2)

Now combine with the boundary conditions, p(z∗) = r and H̃(z∗) = 1, one can solve
for the constant term, c, in equation (A.2.1),

c = rA(1, µ) (A.2.3)

Finally, using equations(A.2.2) and (A.2.3) in (A.2.1) yields firms’ optimal pricing
rule (2.2.22) as desired.

A.2.2 Proof of Proposition 2.2.1

1. Prices increases in z

Return to firm’s pricing function:

p(z) =
Zw

∫ z∗
z
aAH̃ h̃(a)da+ rA(1, µ)

A(H̃(z), µ)

Note that AH̃(·) = −µ2e−µH̃(z)

1−e−µ = −µA(·). Using this identity, we rewrite firms’
pricing decision as follows:

p(z) = re−µ(1−H̃(z)) + Zw(−µ)

∫ z∗

z

ae−µ(H̃(a)−H̃(z))h̃(a)da

The derivative of p(z) w.r.t. z is given by the following
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∂p(z)

∂z
= Zw(−µ2)h̃(z)

∫ z∗

z

ae−µ(H̃(a)−H̃(z))h̃(a)da+ Zzw(−µ)e−µ(H̃(z))+µH̃(z)h̃(z)

+rµh̃(z)e−µ(1−H̃(z))

= µh̃(z)

(
Zw(−µ)

∫ z∗

z

ae−µ(H̃(a)−H̃(z))h̃(a)da

)
+ µh̃(z)re−µ(1−H̃(z)) + µh̃(z)Zzw

= µh̃(z) (p(z)− Zzw) ≥ 0 (A.2.4)

where the last inequality follows that no firms will post a price above their marginal
cost of production in equilibrium.

2. Market share decreases in z

Given that random price quotes are distributed Poisson and the distribution of firms
H̃(z), the distribution of the lowest observed prices is:

J(H̃(z), µ) =
∞∑
k=1

qk

{
1− (1− H̃(z))k

}
=

∞∑
k=1

e−µµk

(1− e−µ)k!

=
e−µ

1− e−µ

(
∞∑
k=1

µk

k!
−
∞∑
k=1

µ(1− H̃(z))k

k!

)

=
e−µ

1− e−µ
(eµ − 1− eµ(1−H̃(z)) + 1)

=
1− e−µH̃(z)

1− e−µ
, (A.2.5)

where the fourth equality makes use of
∑∞

k=1
xk

k!
= ex − 1. The market share of the

firm z is given by

A(H̃(z), µ) =
∂J(H̃(z), µ)

∂H̃(z)
=
µe−µH̃(z)

1− e−µ
(A.2.6)

Taking derivative of A(·) w.r.t z yields,

∂

∂z

(
A(H̃(z), µ)

)
= −µ

2e−µH̃(z)

1− e−µ
h̃(z) ≤ 0 (A.2.7)

3a. Profits decrease in z
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Return to firm’s profit function:

π(z) =
S

N e
(p(z)− Zzw)A(H̃, µ)

Combining equations (A.2.4) and AH̃ = −µA(H̃(z), µ), the first derivative of the
profit function π(z) w.r.t. z is given by the following

∂π(z)

∂z
=

S

N e

(
(p′(z)− Zw)A(H̃, µ) + (p(z)− Zzw)AH̃ h̃(z)

)
=

S

N e

(
(p′(z)− Zw)A(H̃, µ) + (p(z)− Zzw)µA(H̃, µ)

)
=

S

N e
A(H̃, µ)

(
p′(z)− Zw − p(z)µh̃(z) + Zzwµh̃(z)

)
=

S

N e
A(H̃, µ)

(
µh̃(z)(p(z)− Zzw)− Zw − p(z)µh̃(z) + Zzwµh̃(z)

)
=

ZwSA(H̃(z), µ)(−Zw)

N
≤ 0 (A.2.8)

3b. Markups decrease in z

Markups of a firm with cost parameter z is given by

mu(z) =
p(z)

Zzw
(A.2.9)

Take the first derivative of mkp(z) w.r.t. z and use equation (A.2.4) gives the follow-
ing:

∂mu(z)

∂z
=
p′(z)Zzw − p(z)Zw

(Zzw)2
(A.2.10)

To show that firm level markups mu(z) decrease in z, it suffices to show that
p′(z)z − p(z) ≤ 0. This is equivalent to show that the elasticity of prices w.r.t. z, or

in other words, the pass through of firm level costs level, εz = ∂p(z)
∂z

z
p(z)
≤ 1. Using

firm z’s pricing function p(z), and its derivative in equation (A.2.4), we have

p′(z)z

p(z)
=

zµh̃(z) (p(z)− Zzw)

p(z)

= zµh̃(z)

(
1− Zzw

p(z)

)
≤ zµh̃(z) (A.2.11)
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where the inequality follows that in equilibrium no firms will post prices below their
marginal costs of production, Zzw

p(z)
≤ 1. Equation (A.2.11) suggests that to prove that

markups decreases with firm level marginal cost parameter z, it suffices to show that
zµh̃(z) ≤ 1. This further implies that µ ≤ 1

zh̃(z)
. Q.E.D.

A.2.3 Proof of Proposition 2.2.2

1 - 2. Aµ ≥ 0 for z ∈ [z, z̃(µ)] and vice versa

We see that A(H̃(z), µ) = µe−µH̃(z)

1−e−µ . The first derivative w.r.t. µ is:

Aµ(H̃, µ) =
(1− e−µ)

(
e−µH̃(z) − µH̃(z)e−µH̃

)
− µe−µH̃(z)e−µ

(1− e−µ)2

=
e−µH̃(z)

(
(1− µH̃(z))(1− e−µ)− µe−µ

)
(1− e−µ)2

(A.2.12)

Therefore, In order for Aµ ≥ 0, it is necessary that the nominator is positive.
Hence,

Aµ(H̃, µ) ≥ 0 =⇒ (1− µH̃(z))(1− e−µ)− µe−µ ≥ 0

=⇒ µH̃(z) ≤ 1− µe−µ

1− e−mu

=⇒ H̃(z) ≤ 1− A(1, µ)

µ
(A.2.13)

where the last inequality follows that A(1, µ) = µe−µ

1−e−mu . The condition holds as long

as either H̃(z) is small or that A(1, µ) is small and µ is big. By assumption that H̃(z)
increases in z, and is continuous,

z̃ = H̃−1

(
1− A(1, µ)

µ

)
(A.2.14)

Hence, ∀ z ≤ z̃, Aµ ≥ 0.

3. ∂
∂µ
z̃(µ) ≤ 0

Because H̃(z) is strictly increasing in z, to show that ∂
∂µ
z̃(µ) ≤ 0 is equivalent to

show that ∂
∂µ

(
1−A(1,µ)

µ

)
≤ 0. We rewrite 1−A(1,µ)

µ
= 1

µ
− 1

eµ−1
. As µ increases 1

µ
falls

while − 1
eµ−1

rises, so the effect is hard to pinpoint. As such, we proceed to prove this
part of the proposition by graph:
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Figure A.1: Graphical Illustration of Proposition 2.2.2

Q.E.D.

A.3 Indeterminacy in a Model without Sentiments

This section demonstrates that the aggregate accounting condition (2.2.33) implies
the free entry condition (2.2.35), and hence the model admits a continuum of equilibria
in the absence of sentiments. Rearranging the free entry condition, we obtain:

N e =
SH(z∗)

∫ z∗
z

(p(z)− Zzw)A(H̃(z), µ)h̃(z)dz

Zwfe

=⇒ N eZfe
H(z∗)

= S

∫ z∗
z

(p(z)− Zzw)A(H̃(z), µ)h̃(z)dz

w

=⇒ N eZfe
H(z∗)

= S

(∫ z∗

z

p(z)

w
A(H̃(z), µ)h̃(z)dz −

∫ z∗

z

ZzA(H̃(z)µ)h̃(z)dz

)
=⇒ NZfe =

SP̄

w
− SZ

∫ z∗

z

zA(H̃(z), µ)h̃(z)dz

=⇒ Le =
R
w
− Lp

=⇒ R = wLe + wLp (A.3.1)

where the fourth equality follows R = P̄C and SZ
∫ z∗
z
zA(H̃(z), µ(S,N e))h̃(z)dz =

Lp. Therefore, the free entry condition implies the labor market clearing condition.
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A.3.1 Extensions

In this section, we extend the model to allow for capital accumulation and more
general preferences to show that the existence of a continuum of steady states, in the
absence of expectations, does not depend on the technology and preferences.

A.3.1.1 Capital

The setup follows the benchmark model closely except that now households can accu-
mulate capital and rent it to firms. In particular, we assume that the Law of Motion
of capital accumulation takes the following form:

Kt+1 = (1− δ)Kt + It+1 (A.3.2)

Households. The households finance their consumption by income from labor,
capital rental and owning shares of the firms. This leads to the following budget
constraint:

P̄tstJt(rt) = wtlt + itKt + Πt (A.3.3)

Total production is used for consumption , investment and replace depreciated capital:

ct + It+1 + φ(It+1, kt) = stJt(rt) (A.3.4)

The first order conditions now include an Euler equation that links current and
future consumption:

uc,t(1 + φI,t) = βEtuc,t+1

(
it+1

rt+1

+ (1− δ)(1 + φk,t)− φI,t+1

)
(A.3.5)

Firms. The production function for firms is assumed to be Cobb-Douglas in labor
and capital, yt(z) = 1

Zz
kαt l

1−α
t . Cost minimization implies the demand for labor and

capital are

lt(z) = Ztz

(
it
Rt

Rt

wt

1− α
α

)α
; (A.3.6)

kt(z) = Ztz

(
it
Rt

Rt

wt

1− α
α

)α−1

. (A.3.7)

Using (A.3.6) and (A.3.7) inmct(z) = itkt(z)+wtlz, one obtains the following marginal
cost function for firm z:

mct(z) = wtZz

(
it
Rt

Rt

wt

)α{(
1− α
α

)
+

(
1− α
α

)α−1
}

(A.3.8)
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The pricing function of the firm needs to reflect the capital used in production:

pt(z) =
A(1, µt)

At(·)
Rt +

∫ z∗

z

AH̃,t
A(·)

mct(a)h̃t(a)da (A.3.9)

As in the case without capital, entrants pay a sunk cost in terms of labor to draw a
fix cost parameter and once knowing about demand and its cost draw may decide to
exit.

Zero Cost Cut Off. The least productive firm, denoted by z∗t , earns zero profits:

mct(z
∗
t ) = Rt =⇒ z∗t =

1

Zt

1{(
1−α
α

)
+
(

1−α
α

)α−1
}
(
Rt
wt

)1−α

(
it
Rt

)α (A.3.10)

Free Entry. As in the benchmark model, firms enter until aggregate profits are
driven down to zero. Let St be the measure of shoppers in the goods market. The
free entry condition is given by

Ht(z
∗
t )π̄t(z) = wtZtfe

=⇒ St

∫ z∗

z

(pt(z)−mct(z))At(·)h̃t(z)dz = NtwtZtfe (A.3.11)

Steady State. In the steady state, ct = C̄, kt = kt+1 = K̄, st = S̄, lt = L̄,
Zt = Zt+1 = Z, and φt = φ̄ = 0, ∀ t, t+ 1. The Law of Motion of capital implies:

Ī = δK̄ (A.3.12)

The resource constraint implies:

C̄ + δK̄ = S̄ (A.3.13)

The Euler equation implies the steady state real interest rate:

ī

R
=

1

β
− (1− δ) (A.3.14)

Zero cut off condition:

z̄∗ =
1

Z

(
R
w

)1−α(
1
β
− (1− δ)

)α 1

D
(A.3.15)

where D =
(

1−α
α

)
+
(

1−α
α

)α−1
.
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Labor market clearing condition:

L̄ = Lp + Le

= S̄Zz

(
i

R

R

w

1− α
α

)α
A(H̃, µ)h̃(z)dz +NZfe (A.3.16)

Capital market clearing condition:

L̄ = S̄Zz

(
i

R

R

w

1− α
α

)α−1

A(H̃, µ)h̃(z)dz (A.3.17)

Free entry:

S̄

∫ z∗

z

(p(z)−mc(z))A(H̃, µ)h̃(z)dz = NwZfe (A.3.18)

Aggregate accounting:
P̄ S̄ = wL̄+ iK̄ (A.3.19)

To solve for the steady state, replace the aggregate accounting, free entry condition
and resource constraints using the labor market, capital market clearing and zero cut
off conditions. This process allows all other variables, L̄, K̄, z∗, S̄ be expressed in
terms of real wage w̄

R
, real interest rate ī

R
, and C̄. However, because labor is used in

both production and entry, the free entry condition, (A.3.18), implies the aggregate
accounting equation, (A.3.18). As a result, the model has one more unknown than
equations, which leaves w̄

R
undetermined.

A.3.1.2 Preferences

The last section shows that multiplicity is robust to variations in production technol-
ogy. Now we will show that it is also robust to variations in preferences. In particular,
we assume the preference takes the following form:

u(ct, st, lt) =
c1−σ
t

1− σ
− ηst −

l
1+ 1

εl
t

1 + 1
εl

(A.3.20)

where 1
εl

corresponds to the Fisch Elasticity in the macro literature. The rest of the
set up is identical to the benchmark model. With this preference, the equilibrium
reservation price is give by:

Rt =
us,t
ul,t

wt + P̄t, (A.3.21)
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which is a generalization of the reservation price rule in equation (2.2.26): Rt =
ηwt+ P̄t, with us,t

ul,t
= η. The labor supply implied by households’ utility maximization

is:

wt
Rt

c−σt = ul,t =⇒ l =

(
wt
Rt

1

ct

)εl
(A.3.22)

Again, we focus on SEE that is symmetric and Markov, and drop the time sub-
script. Labor used in goods production is given by:

Lp = S

∫ z∗

z

ZzA(H̃, µ)h̃(z)dz

The labor used in entry is given by:

Le = NZfe

Aggregate labor supply must reflect demand in both entry and production:

L = l =

(
w

R

1

c

)εl
= Lp + Le (A.3.23)

Goods market clears and therefore in the absence of saving and capital accumu-
lation, consumption and output must coincide:

C = S = Y (A.3.24)

Using the labor market clearing condition in the free entry condition, we obtain:

S

∫ z∗

z

(p(z)−mc(z))A(H̃, µ)h̃(z)dz = wNZfe =⇒ S

(
R

w
− us
ul

)
= Lp + Le

=⇒ S
P̄

w
= Lp + Le (A.3.25)

Finally, aggregate accounting requires that the total value of output must reflect
income paid to labor and dividend to entry:

P̄S = wL+ Π =⇒ P̄S = wL (A.3.26)

where the last equality follows that Π = NZfe. As in the case with capital and
quasi-linear preference, solving the model requires simultaneous determination of w

R

and N e. However, the free entry condition (A.3.25) and aggregate accounting identity
(A.3.26) coincide as in the benchmark model and the case of capital, therefore we have
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one more unknown than equations. This again demonstrates that indeterminacy is
robust to the functional form of preferences.

A.4 Proof of Proposition 2.2.3

Reintroduce the free entry condition:

N e = H(z∗)
S
∫ z∗
z

(p(z)− Zzw)A(H̃(z), µ(S,N e))h̃(z)dz

Zwfe

Define F (N e; Ω) ≡ H(z∗)
S
∫ z∗
z (p(z)−Zzw)A(H̃(z),µ(S,Ne))h̃(z)dz

Zwfe
. Using the definition of the

mean transacted prices at SSE:
∫ z∗
z
p(z)A(H̃(z), µ)h̃(z)dz = P̄ , we rewrite F (·)

F (N e; Ω) =
H(z∗)S

fe

∫ z∗

z

(
p(z)

Zw
− z
)
A(H̃(z), µ)h̃(z)dz

=
H(z∗)S

fe

{
1

Z

P̄

w
−
∫ z∗

z

zA(H̃(z), µ)h̃(z)dz

}
=

H(z∗)S

fe

{
1

Z

(
R

w
− η
)
−
∫ z∗

z

zA(H̃(z), µ)h̃(z)dz

}
(A.4.1)

Take derivative of F (·) w.r.t. N e

∂F (N e; Ω)

∂N e
= −µNSH(Z∗)

fe

∫ z∗

z

zAµ(H̃, µ)h̃(z)dz

= −µNSH(Z∗)

fe

(∫ z∗

z

zAµ(H̃, µ)h̃(z)dz

)
(A.4.2)

From equation (A.4.1), note that F (·) intercepts the vertical axis at H(z∗)S
Zfe

(
R
w
− η
)
≥

0. Also, according to Proposition 2.2.2, we have Aµ ≥ 0 ∀ z ∈ [z, z̃] and Aµ ≤ 0 oth-
erwise. Therefore, if a solution, N e∗, exists and is unique, then it must be either
∂F (Ne;Ω)
∂Ne ≤ 0, or ∂F (Ne;Ω)

∂Ne ≥ 0 and ∂2F (Ne;Ω)

∂(Ne)2
≤ 0.

This further implies that the term inside the bracket of equation (A.4.2):
∫ z∗
z
zAµ(H̃, µ)h̃(z)dz

must either increasing in z or decreasing in z at an decreasing rate as N e approaches
N e∗. This further implies that zh̃(z) must decrease in z:

∂

∂z

(
zh̃(z)

)
≤ 0
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Q.E.D.

A.5 Derivation of the Distribution of Market Shares

Combing Proposition 2.2.1 that lower cost firms have larger market shares, the CDF
of market shares, Q(z), is defined as follows:

Q(z) = Prob
(
A(H̃(a), ·) ≤ A(H̃(z), ·)

)
= Prob (a ≥ z)

= 1− Prob (a ≥ z)

= 1− H̃(z) (A.5.1)

I want to express H̃(z) in terms of the firms’ market shares. To do so, first note
that the market shares of the lowest and highest costs firms are given by

A(0, ·) =
µ

1− (1 + φµ)−1/ρ

A(1, ·) =
µ(1 + φµ)−1/ρ−1

1− (1 + φµ)−1/φ

In addition, the ratio between the highest and lowest cost firms are given by A(1,·)
A(0,·) =

(1 + φµ)−1/φ−1. Combining this ratio, we obtain

A(1, ·)
A(H̃(z), ·)

=

(
1 + φµ

1 + φµH̃(z)

)−1/φ−1

(
A(1, ·)

A(H̃(z), ·)

)−φ/(φ+1)

=

(
A(1,·)
A(0,·)

)−ρ/(1+φ))

1 + φµH̃(z)

=⇒ 1 + φµH̃(z) =

(
A(1, ·)
A(0, ·)

/
A(1, ·)

A(H̃(z), ·)

)−φ/(1+φ)

=⇒ H̃(z) =
1

φµ


(

A(1,·)
A(H̃(z),·)

)φ/(1+φ)

−
(
A(1,·)
A(0,·)

)φ/(1+φ)

(
A(1,·)
A(0,·)

)φ/(1+φ)

 (A.5.2)

I now use the identity that φµ =

((
A(1,·)
A(0,·)

)−φ/(1+φ)

− 1

)
in (A.5.2) and rearrange to
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obtain

H̃(z) =
(A(1, ·))φ/(1+φ)

(
(A(H̃(z), ·))−φ/(1+φ) − (A(0, ·))−φ/(1+φ)

)
1−

(
A(1,·)
A(0,·)

)φ/(1+φ)
(A.5.3)

Now using equation (A.5.3) in (A.5.1) and rearranging, we obtain the CDF of
the market shares Q(z) as desired:

Q(z) =
1−

(
A(1,·)

A(H̃(z),·)

)φ/(1+φ)

1−
(
A(1,·)
A(0,·)

)φ/(1+φ)

The mean and the variance of the sales distribution is given by

E (A(·, µ)) =
φµ(1 + φµ)−

1+ϕ
ϕ

1− (1 + φµ)−1/ϕ

(1 + φµ)1/φ − 1

1− (1 + φµ)−1
(A.5.4)

V ar (A(·, µ)) =
φµ(1 + φµ)−1−1/φ

(φ+ 2)(1− (1 + φµ)−1/φ)

(1 + φµ)
φ+2
φ − 1

1− (1 + φµ)−1
(A.5.5)

Note that the variance and the mean of the sales distribution only depends on the
shape parameter φ and the contact frequency µ

A.6 Groceries and Supermarkets Data Used in Chap-

ter 4

The following tables contain the data used in the descriptive analysis in Chapter 4.
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Table A.1: Groceries and Supermarkets, 2007

Grocery Stores Revenue (millions) Employment (thousands) Price Market Share
Winco 3520 11 E 0.011601311

Demoulas 2500 13 E 0.008239568
Inserra Supermarkets (ShopRite) 1060 4 E 0.003493577
STATER BROS HOLDINGS INC 3674.427 18 E 0.012110276

Smart and Final 2300 6.2 E 0.007580402
KONINKLIJKE AHOLD DELHAIZE 41110.366 118.715 VG 0.135492659

HeButt 15500 70 VG 0.05108532
Meijer 13650 68.8 VG 0.04498804

K-VA-T 1660 12 VG 0.005471073
Publix 23190 145 G 0.076430231
HyVee 6270 54 G 0.020664836
Raily’s 3450 15.5 G 0.011370604
Golub 3140 23.892 G 0.010348897
Bi-Lo 2620 17 G 0.008635067

Schnuck 2500 15.5 G 0.008239568
Houchen 2290 15 G 0.007547444

Brookshires 2200 12.7 G 0.00725082
Big Y 1330 9.5 G 0.00438345

WEIS MARKETS INC 2318.551 17 G 0.007641543
INGLES MARKETS INC -CLA 2863.897 17 G 0.009438909

PUBLIX SUPER MARKETS INC 23193.59 144 G 0.076442063
SAFEWAY INC 42286 201 G 0.139367345

WINN-DIXIE STORES INC 7201.161 52 G 0.023733782
Save Mart 5100 23 G 0.016808718

KROGER CO 70235 323 G 0.231482418
WHOLE FOODS MARKET INC 6591.773 52.6 P 0.021725344

HARRIS TEETER SUPERMARKETS 3639.208 24.8 F 0.0119942
Giant Eagle 8020 37 F 0.026432533

Sources: Companies, whose names are in capital letters, are from Computstat, and others are from

Forbes America’s Largest Private Companies.
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Table A.2: Groceries and Supermarkets, 2009

Grocery Stores Revenue (millions) Employment (thousands) Price Market Share
Winco 4630 13 E 0.013640459

Delamous 3200 18.5 E 0.009427531
STATER BROS HOLDINGS INC 3766.04 17.5 E 0.011095143

Meijer 14250 72.2 VG 0.041981974
HeButt 15100 75 VG 0.044486162

SUPERVALU INC 40597 160 VG 0.119602962
KONINKLIJKE AHOLD DELHAIZE 40022.11 117.845 VG 0.117909277

HyVee 6800 55 G 0.020033504
Wegmans 5150 38.697 G 0.015172433

Golub 3300 23.003 G 0.009722141
Raley’s 3200 13.4 G 0.009427531

Brookshires 2270 12 38.69 G 0.006687655
Schuck 2500 15.6 G 0.007365259
BiLo 2300 15.5 G 0.006776038

Save Mart 4900 20.58 G 0.014435907
WEIS MARKETS INC 2516.175 17.6 G 0.007412912

WINN-DIXIE STORES INC 7366.965 50 G 0.021703841
INGLES MARKETS INC -CLA 3261.432 18.6 G 0.009608516

GREAT ATLANTIC and PAC TEA CO 8813.568 45 G 0.025965683
SAFEWAY INC 40850.7 186 G 0.120350389

PUBLIX SUPER MARKETS INC 24514.96 142 G 0.072223609
KROGER CO 76733 334 G 0.226063357

WHOLE FOODS MARKET INC 8031.62 52.5 P 0.023661984
Giant Eagle 8610 36 F 0.025365951
Houchen’s 2670 15 F 0.007866096

HARRIS TEETER SUPERMARKETS 4077.822 24.8 F 0.012013686

Sources: Companies whose names are capital letters are from Computstat, and others are from

Forbes America’s Largest Private Companies.
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