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Chapter 5

Inefficiencies and Pigou
Cycles

5.1 Introduction
The model presented in the previous chapter demonstrated how a Pigou cycle,
i.e., a joint increase in consumption, investment, employment, and output during
the anticipation period, can be achieved in an open economy . In such a setting,
resources from abroad can be used to finance the joint increase in consumption
and investment. Generating a robust Pigou cycle in a closed economy is a
more difficult task. A closed economy cannot import resources from abroad,
which implies that in order to finance an increase in both consumption and
investment before a positive productivity shock materialises, a closed economy
has to generate sufficient resources. Den Haan and Kaltenbrunner (2009) have
shown that this is feasible in a standard matching model, but it is still difficult
to allocate these additional resources so that both consumption and investment
increase. This is possible, but only for a very narrow range of parameter values.
This chapter presents a model that makes a joint increase in consumption and
investment in a closed economy a robust outcome.

The ability of a model to generate Pigou cycles in a closed economy is not
only of theoretical interest. Much of the empirical evidence about Pigou cycles
is based on U.S. data, that is, data from a relatively closed economy. There
is anecdotal evidence that during the 1990s there was a widespread optimism,
also among many economists, about the future productivity growth and that
this optimism contributed to the economic expansion in the late 1990s (and
to the 2001 recession when optimism proved unjustified). There is also formal
econometric evidence that news shocks about future productivity are important
for U.S. business cycles. Beaudry and Portier (2006) use movements in stock
prices to identify a news shock and find that not only can it lead to a joint
increase in output, consumption, investment and hours worked, but also that it
is quantitatively important, as it can explain about half of the fluctuations at
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Inefficiencies and Pigou Cycles

business cycle frequencies. Using Bayesian methods, Schmitt-Grohe and Uribe
(2008) estimate a model proposed by Jaimovich and Rebelo (2009) on U.S.
data and find evidence that news shocks generate Pigou cycles and that they
are quantitatively important.

A standard growth model cannot generate Pigou cycles. To account for the
empirical evidence reported above, there have been several attempts to modify
it. One such modification is proposed by Beaudry and Portier (2004 and 2007),
who use a two-sector model and make consumption and investment comple-
ments. This allocation friction makes it too costly to increase only consumption
or only investment, resulting in a positive comovement of both. Another ap-
proach is to use non-standard preferences to remove or weaken the wealth effect.
For example, Jaimovich and Rebelo (2009) use preferences with a very small
wealth effect in the short-run, together with investment-adjustment costs and
variable capital utilisation. A small wealth effect is needed to prevent too large
reduction in labour supply, investment adjustment costs are needed to generate
an early increase in investment and variable capital utilisation is needed to gen-
erate enough resources before the shock materialises. Yet another approach is
proposed by den Haan and Kaltenbrunner (2009), who show that it is possible
to generate Pigou cycles in a standard matching model by exploiting the feature
that matching models do not necessarily operate at the socially efficient level.
Their idea is that if the steady state of a decentralised economy is at an ineffi-
cient level, then a positive news shock can push it closer to the efficient (Pareto
optimal) level. Moving closer to the efficient state creates enough additional
resources to finance the joint increase in consumption and investment, at least
for some range of parameter values. The model presented here exploits these
inefficiencies further by extending matching frictions to capital goods.

The setup of the model assumes that there are three agents, each with a
specific skill, who have to match in order to produce. These agents are an en-
trepreneur (manager-entrepreneur), who has the ability to generate a business
idea, a capitalist (capitalist-entrepreneur), who has the ability to invest in cap-
ital goods (equipment, machines), and a worker, who passively supplies labour.
Production can take place only when all three agents match. The matching
process begins when an entrepreneur comes up with a business idea (starts an
‘empty project’). To make it operational, he first has to find suitable equipment
(a machine), which is owned by a capitalist. When an entrepreneur and a cap-
italist match, they create an idle firm, which posts a vacancy for a worker, who
will operate the machine. When an idle firm finds a worker, it produces one
unit each period. The three agents involved in the firm share the proceeds.

There are three important implications of matching frictions in this model.
First, matching takes time, which means that all three agents have to react
early if they want to benefit from a productivity increase in the future. Be-
cause of this time delay, variables will tend to react in the same direction both
during the anticipation period and when the shock is realised, effectively bring-
ing forward the effects of the shock. Second, a reasonable calibration of the
matching model results in a steady state that is inefficient (different from the
social planner’s solution). When a shock is announced, the early reaction of
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the agents pushes the economy towards a more efficient region, which generates
more additional resources (an increase in output is not wasteful) that can then
be allocated to consumption and investment. Third, matching frictions generate
interaction effects between the agents, reinforcing each other’s responses. When
entrepreneurs increase the number of empty projects, they inadvertently im-
prove the probability that capitalists will find entrepreneurs, which stimulates
capitalists to invest in equipment.

These three ingredients are the key mechanisms in the model. When a
positive productivity shock is announced, consumption increases because of the
wealth effect. At the same time, entrepreneurs anticipate future profits and
begin increasing the number of empty projects. Capitalists would also like
to increase investment in equipment, but in the beginning resources are fixed
and not sufficient to finance an increase in consumption, investment in empty
projects, and investment in equipment, which is why investment in equipment
decreases initially. But the increase in empty projects increases the number of
matches between entrepreneurs and capitalists and therefore the number of idle
firms. Because idle firms search for workers, there is an increase in vacancies.
More vacancies mean that more workers get employed and output increases.
After only a few periods, the creation of additional resources is large enough
that investment in equipment can increase, too. Thus, the model generates a
positive comovement of output, employment, consumption and investment - a
Pigou cycle. The joint increase in consumption and investment is robust, and
the reason is that a strong increase in empty projects increases the probability
that capitalists will find an entrepreneur to operate a project, which makes it
more attractive for capitalists to invest in new equipment.

To set the mechanism in motion, a strong response of entrepreneurs posting
empty projects is crucial. The way to induce entrepreneurs to respond strongly
to the shock announcement is to make their reward when the shock materialises
large enough (larger than the productivity increase). This can be achieved
by assuming that a relatively small share of output goes to entrepreneurs and
that wages are somewhat sticky. When the productivity shock materialises, the
size of the pie increases, but because of sticky wages, the amount that goes to
an entrepreneur increases more than proportionally. Because the share of an
entrepreneur is small to start with, the percentage increase in his revenue is
large, which ensures that his response to shock announcement is strong enough.

5.2 The model
The model economy consists of entrepreneurs (managers-entrepreneurs), cap-
italists (capitalist-entrepreneurs) and workers. Each type of agent possesses
a unique skill. Entrepreneurs have the ability to start empty projects (busi-
ness ideas), but are not able to provide the necessary equipment or work on the
project. Capitalists can invest in equipment, which is required by entrepreneurs’
empty projects, but cannot come up with an empty project or operate the equip-
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ment themselves. Workers can operate the equipment, but are not able to either
come up with an empty project or invest in equipment.

An empty project can be interpreted as an idea or a business plan that
requires a small initial investment to set up. To make an empty project opera-
tional, an entrepreneur has to first find the equipment required by the business
plan. When an empty project and equipment are matched, an idle firm is
formed, which creates a vacancy. When the vacancy is filled by a worker, pro-
duction takes place. Importantly, the only way to produce output is that all
three types of agents match.

At the end of the period all three types of agents (whether matched or not)
become members of a representative household. This is a modelling device to
ensure that all three agents are perfectly insured against idiosyncratic risk. Each
agent brings net revenues from his activity to the household for consumption.
However, decisions on how much to invest in new projects or equipment are not
made by the representative household, but by an entrepreneur and a capitalist.

5.2.1 Entrepreneurs (manager-entrepreneurs)
Entrepreneurs have the ability to set up empty projects (business plans) by giv-
ing up some units of consumption, but they also have the ability to manage a
firm. Entrepreneurs manage empty projects and firms (idle as well as produc-
tive firms). An entrepreneur with a business plan first searches for equipment.
When equipment is found, an empty project becomes an idle firm, which cannot
produce until a worker is found. An idle firm posts a vacancy and, if it finds a
worker, begins to produce. The entrepreneur owns a share in each type of firm.

In every period, entrepreneurs open Jt empty projects. The cost of opening
an empty project is ψ and total investment of entrepreneurs in empty projects
in period t is IE,t = ψJt. Empty projects that do not match with a capital-
ist (equipment) fully depreciate. The probability that an entrepreneur with
an empty project will find suitable equipment is λK2

t and the value of an en-
trepreneur’s share in an idle firm is ΓEM,t. Because entrepreneurs are free to
enter the market with empty projects, they will be opening new empty projects
until the benefit from entering the search with an empty project is equal to the
cost of the project, that is, until

ψ = λK2
t ΓEM,t. (5.1)

This condition determines how many entrepreneurs with empty projects will
search for equipment. The equation states that the cost of opening a new empty
project has to equal the probability of finding equipment, times the value of an
entrepreneur’s share in an idle firm. Even though an idle firm does not yet
generate output, it still has a value because an idle firm can become productive
if it finds a worker in the next period. It is assumed that once an entrepreneur
has found suitable equipment, it is optimal to search for a worker.1

1Alternatively, search for a worker at this stage is costless.
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In the next period, an idle firm can either match with a worker and become
productive, which occurs with probability λN1

t , or remain idle with probability
(1-λN1

t ). There are no break-ups of idle firms at this stage. If the value of an
entrepreneur’s share in a productive firm is denoted by ΓE,t, the value of an
entrepreneur’s share in an idle firm can be written as

ΓEM,t = βEt

[(
ct+1

ct

)−γ
[λN1
t+1ΓEt+1 + (1− λN1

t+1)ΓEM,t+1]

]
. (5.2)

The equation above states that the present value of an entrepreneur’s share
in an idle firm is equal to the discounted weighted average of his share in a pro-
ductive firm, weighted by the probability that an idle firm will find a worker, and
his share in an idle firm, weighted by the probability that the firm will remain
idle. When an idle firm finds a worker, it can either break up, which occurs with
the exogenous probability (1-ρx), or it can continue and produce output in the
next period. Entrepreneurs receive a proportion of a productive firm’s output,
denoted by πt. The value of an entrepreneur’s share in a productive firm is

ΓEt = βEt

[(
ct+1

ct

)−γ
(1− ρx)[πt+1 + ΓEt+1]

]
. (5.3)

Thus, if no breakup occurs, an entrepreneur will receive his share of output
and keep his share of the firm. It is important to realise that it is the prospect
to obtain a share in output that drives entrepreneurs to start empty projects. If
πt+1 increases, the value of a productive firm will increase, which will lead to an
increase in value of an idle firm and induce entrepreneurs to enter the market
with more empty projects. Because an entrepreneur is ultimately a member of
the representative household, future values are discounted using the marginal
rate of substitution of the representative household, β(ct+1/ct)

−γ .

5.2.2 Capitalists (capitalist-entrepreneurs)
The problem of a capitalist is similar to the problem of an entrepreneur. A cap-
italist has the potential to invest in equipment. One unit of equipment requires
ξ units of goods. Equipment cannot produce output unless an entrepreneur and
a worker are found, so that a capitalist has to go through the same matching
process as an entrepreneur. What is different is that a capitalist can invest in
equipment with certainty (there is no matching probability involved) and that
once equipment is obtained, it does not depreciate and does not require addi-
tional investment. A capitalist owns a stock of idle equipment and - if matched
- shares in an idle and a productive firm.

Because a capitalist can create equipment with certainty, his analogue of the
free-entry condition is

ξ = ΓCI,t. (5.4)
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Equation 5.4 states that the cost of creating new idle equipment, ξ, has to
equal the value of the idle equipment, ΓCI,t (note that owning idle equipment is
not the same as owning a share in an idle firm). This condition is similar to
the free-entry condition of an entrepreneur (equation 5.1), just that the value of
idle equipment is not multiplied by the matching probability, because capitalists
invest in idle equipment with certainty (there is no matching at this stage).

Once the idle equipment is created, it enters the matching process to match
with an empty project. If an empty project is found, which occurs with prob-
ability λK1

t , a capitalist obtains a share in an idle firm, ΓCM,t. If no empty
project is found, a capitalist remains with the idle equipment. The value of idle
equipment can therefore be written as

ΓCI,t = βEt

[(
ct+1

ct

)−γ
[λK1
t+1ΓCM,t+1 + (1− λK1

t+1)ΓCI,t+1]

]
. (5.5)

From the point where an entrepreneur and a capitalist match (form an idle
firm), they become a part of the same problem, because an idle firm is owned in
part by an entrepreneur and in part by a capitalist. An idle firm can match with
a worker and become productive with probability λN1

t . In this case, a capitalist
receives his share in the productive firm, ΓCt . If an idle firm does not match
with a worker, it remains idle (it does not break up). The value of a capitalist’s
share in an idle firm is

ΓCM,t = βEt

[(
ct+1

ct

)−γ
[λN1
t+1ΓCt+1 + (1− λN1

t+1)ΓCM,t+1]

]
. (5.6)

When an idle firm matches with a worker it can either break up with ex-
ogenous probability (1-ρx) or it becomes productive, in which case a capitalist
receives his share of the output, rt, and retains the value of his share in a pro-
ductive firm. The value of a capitalist’s share in a productive firm can be written
as

ΓCt = βEt

[(
ct+1

ct

)−γ
(1− ρx)[rt+1 + ΓCt+1]

]
. (5.7)

The only difference between equations 5.3 and 5.7 is in shares of the output
received by an entrepreneur and a capitalist. What will ultimately induce cap-
italists to invest in idle equipment is the prospect of eventually obtaining their
part of the output, rt. A capitalist is, exactly as an entrepreneur, ultimately a
member of the representative household, whose marginal rate of substitution is
used to discount asset values.
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5.2.3 Workers
The economy is populated by a continuum of workers with mass normalised to
1. For simplicity, workers are assumed to provide labour passively (they have no
intratemporal choice between consumption and leisure).2 Unemployed workers
enter the matching process with idle firms. If they match, workers become
employed in a productive firm and begin receiving wages, wt. The value for a
worker of being in an employment relationship, ΓWt , can be written as

ΓWt = βEt

[(
ct+1

ct

)−γ
(1− ρx)[wt+1 + ΓWt+1]

]
. (5.8)

This value can be interpreted as the asset value of the share of output that
goes to the worker. Because a worker is passive, an increase in wt will not induce
him to work more. Note that if a worker had a choice between consumption
and leisure, then an increase in the asset value of being employed would tend
to dampen the wealth effect.

5.2.4 Household
The representative household consists of entrepreneurs, capitalists, and workers.
At the beginning of every period, existing productive firms produce and their
output is shared between capitalists, workers and entrepreneurs. The agents
bring their earnings to the household, where their earnings are pooled. En-
trepreneurs and capitalists then decide on how much to invest in empty projects
and equipment, and the remainder is consumed. Therefore, even though the
household consists of three different agents, there is no idiosyncratic risk (all
individual risk is shared among the members of the household).

The utility function and the budget constraint of the representative house-
hold are

Et

∞∑
t=0

βt
c1−γt − 1

1− γ

ct = ezt(1− ρx)Nt−1 − ψJt − ξIt. (5.9)

In the above equations, ct stands for consumption, ξIt is investment in
equipment, ψJt is investment in empty projects, zt is (the log of) the aggre-
gate productivity and Nt−1 is employment in existing firms. Note that there
are two types of investment. The first type is investment in empty projects
by entrepreneurs, who invest ψJt in new empty projects. The second type of
investment is investment by capitalists, who invest ξIt in equipment.

2This is a common feature in the matching literature.
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In addition to the budget constraint, there are also laws of motion for idle
equipment, FI,t, idle firms, FM,t, and productive firms, Ft:3

FI,t = FI,t−1 + It − λK1
t FI,t−1, (5.10)

FM,t = FM,t−1 + λK1
t FI,t−1 − λN1

t FM,t−1, (5.11)

Ft = (1− ρx)Ft−1 + λN1
t FM,t−1, (5.12)

Equation 5.10 is the law of motion for idle equipment. The stock of idle
equipment entering the next period (FI,t) is equal to the stock of existing idle
equipment (FI,t−1), increased by investment of capitalists (It), and reduced
by equipment that matched with empty projects (λK1

t FI,t−1). Note that the
current period’s investment in equipment can match only in the next period.

Equation 5.11 is the law of motion for idle firms. Next period’s number of
idle firms (FM,t) is equal to the current number of idle firms (FM,t−1), plus the
number of empty projects that matched with equipment (λK1

t FI,t−1), minus the
number of idle firms that matched with a worker, (λN1

t FM,t−1).
Equation 5.12 is the law of motion for productive firms. The number of

firms that will be productive in the next period (Ft) is equal to the number of
existing productive firms that will not break up ((1−ρx)Ft−1), plus the number
of idle firms that will find a worker (λN1

t FM,t−1). Because each productive firm
employs exactly one worker, the law of motion for productive firms is also the
law of motion for employed workers.

Finally, the law of motion for the log of the aggregate productivity zt is given
by

zt = ρzt−1 + εt, (5.13)

where ε is an exogenous shock.

5.2.5 Matching
The central part of the model is a matching process in which an entrepreneur
with an empty project, a capitalist with idle equipment, and a worker have to
match in order to produce.

A standard way to think about a matching friction on the labour market is
that both workers and vacancies are heterogeneous. A firm has to find a worker
with characteristics required by the vacancy. Search takes time and is not

3The timing convention is such that beginning of period t values of state variables are
indexed with t− 1.
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always successful. A matching function can thus be viewed as a reduced-form
modelling device that accounts for micro-level frictions (Pissarides, 2001). The
model described here extends search frictions to capital goods. Capital in this
model is not a standard homogeneous good, but a collection of heterogeneous
capital goods that are referred to as equipment. Each unit of equipment should
be thought as a tool or a machine suited to perform a specific job. Similarly,
empty projects should be thought as business plans or ideas that require specific
equipment and labour to become operational.

There are several ways to model how three agents match. The assumption
here is that matching occurs in two stages. In the first stage, an entrepreneur
with an empty project has to find equipment required by the project. This stage
can be thought as the stage where production facilities are put in place, but no
workers are hired. Once this stage is completed, search for workers can begin.
When a worker is found, production can begin.4

In the first stage, entrepreneurs enter the matching process with empty
projects, Jt, and capitalists enter with their stock of idle equipment, FI,t−1.
The number of matches is given by the following matching function:

MK,t = φKJ
1−µ
t FµI,t−1, (5.14)

where µ is the elasticity of the matching function with respect to the stock of
idle equipment and φK is a scaling factor.

Once an entrepreneur is matched with equipment, an idle firm is created.
This firm enters the second stage of matching, where it searches for a worker.
Because each idle firm posts one vacancy, matching at the second stage is exactly
the same as the standard labour matching used in the literature. The number
of matches between idle firms and unemployed workers is given by the following
matching function:

MN,t = φNF
1−λ
M,t−1U

λ
t , (5.15)

where λ is the elasticity of the matching function with respect to the number
of unemployed, Ut, and φN is a scaling factor. Recall that because each pro-
ductive firm employs one worker and the mass of workers is normalised to one,
unemployment is equal to 1-Ft−1.

Time delays. One implication of matching frictions is that they introduce
time delays. Before a productivity shock materialises, only an increase in the

4Without the assumption on the sequence of matching, there could be potentially three
pairs of matched agents. For instance, an entrepreneur-equipment pair could meet an
entrepreneur-worker pair or a worker-equipment pair. This would require additional assump-
tions about the conditions under which one agent can leave one of the pairs to form a produc-
tive match with the other pair. The approach adopted here assumes that before the search
for a worker can begin, production facilities have to already exist.
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number of productive firms can create an increase in resources. Because match-
ing takes time, it forces agents to act early to shock announcements, but it also
makes it more difficult to generate a quick increase in resources.

Time delays for all variables involved in the matching process and the struc-
ture of the process are shown in figure 5.1.

Figure 5.1: Diagram of the matching process

MK,t+1

MN,t+2

It

FI,t+1

FM,t+2

 Jt+1

1-Nt+2

ρxFt+2  Ft+3  Ft+2

FM,t+1

 
Figure 5.1 should be viewed as a depiction of the time span between the

action of an agent and its effect on resources. This time span is measured by
the difference in time subscript of each variable and Ft+3 (a productive firm).
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For example, the difference in time indices of It and Ft+3 is three periods. This
means that capitalists have to increase investment at time t to affect resources
at time t+3, because it takes at least three time periods for a unit of investment
to travel through the matching process before it can become productive. For
a better understanding, the timeline for investment in equipment is displayed
separately in figure 5.2.

Figure 5.2: Timeline

t t+1 t+2 t+3

I FI FM F
 

A unit invested at time t enters the matching process with entrepreneurs at
time t+ 1 (MK,t+1 in figure 5.1). If it matches successfully, it becomes an idle
firm and can enter matching with workers at time t+2 (MN,t+2 in figure 5.1). If
the match is successful, it becomes a productive firm at time t+ 3 (Ft+3). This
is the reason why it takes three periods before a unit invested in idle equipment
can become productive.

Figure 5.1 also shows that actions of entrepreneurs can affect resources al-
ready after two periods (the time span between Jt+1 and Ft+3 is two periods).
This can happen because there is an existing stock of idle equipment. When
entrepreneurs set up new empty projects, they can use this existing stock of idle
equipment (FI,t+1) to match and form idle firms. In the next period these idle
firms can match with workers and become productive a period later.

Matching probabilities and the interaction effect. Another important
implication of matching is that it gives rise to externalities. These externalities
can best be described by looking at matching probabilities. Two matching func-
tions imply four matching probabilities. λK1

t is the probability that a capitalist
will find an entrepreneur, λK2

t is the probability that an entrepreneur will find
equipment, λN1

t is the probability that an idle firm will find a worker, and λN2
t is

the probability that an unemployed worker will find a job. These probabilities
are defined by the following equations:5

5Because matching functions take the Cobb-Douglas form, it is possible that matching
probabilities could be larger than one. For parameters used in the calibration of the model
and shock sizes used in simulations, this is never the case.
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λK1
t =

MK,t

FI,t−1
= φK

(
Jt

FI,t−1

)1−µ

, (5.16)

λK2
t =

MK,t

Jt
= φK

(
FI,t−1

Jt

)µ
, (5.17)

λN1
t =

MN,t

FM,t−1
= φN

(
(1−Nt−1)

FM,t−1

)λ
, (5.18)

λN2
t =

MN,t

(1−Nt−1)
= φN

(
FM,t−1

(1−Nt−1)

)1−λ

. (5.19)

These matching probabilities depend on aggregate quantities and are taken
as given by the members of the household, even though their actions do affect
aggregates and, through the aggregates, matching probabilities. To understand
this, consider the case where entrepreneurs enter with new empty projects. More
empty projects will congest the matching process for entrepreneurs and decrease
their probability to match with idle equipment (λK2 will decrease because Jt
has increased). Given that entrepreneurs are small, individual entrepreneurs do
not affect matching probabilities. Consequently, this congestion effect does not
affect their decisions. On the other hand, an increase in Jt will increase the prob-
ability of capitalists to match with an entrepreneur (λK1). When capitalists see
that their probability of matching with an entrepreneur has increased, they will
invest more in idle equipment (but they will not take into account that this will
congest the matching and decrease their probability to find an entrepreneur). In
turn, more idle equipment will increase the probability that entrepreneurs will
match with idle equipment. In this way, actions of entrepreneurs and capitalists
interact and reinforce each other. This interaction effect will turn out to be an
important driving force of the model’s dynamics and of Pigou cycles.

Inefficiencies. The final implication of the matching process are inefficien-
cies in matching. To understand what is meant by inefficiencies, consider the
matching function in equation 5.14, which gives the number of matches between
empty projects and idle equipment (reproduced below for convenience).

MK,t = φKJ
1−µ
t FµI,t−1

Like the standard Cobb-Douglas production function, this matching function
exhibits decreasing marginal ‘productivity’ of each ‘production factor’ (empty
projects and idle equipment). Suppose that Jt is very small relative to Ft−1,
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so that the marginal productivity of Jt is very high. If Jt increases, then this
increase will be very efficient (very productive), resulting in a strong increase in
the number of matches. Therefore, if there is underinvestment in empty projects
to begin with, an increase in empty projects is a very efficient way to generate
new matches and investment in new empty projects can be self-financing (i.e.,
generates more resources than are used for investment in new empty projects).

Den Haan and Kaltenbrunner (2009) used this property to show that in
a simple matching model, investment in vacancies can be self-financing. The
model described here exploits their result and amplifies it. Because the matching
process involves two matching functions in a sequence, it is possible to exploit
this mechanism twice. Moreover, it is possible to calibrate the model in such a
way that not only is Jt low relative to the Pareto optimal solution (the social
planner’s solution), but also that FI,t−1 is high relative to the optimal solution,
which amplifies the efficiency of an increase in Jt.

5.2.6 Sharing Rule
When an entrepreneur, a capitalist, and a worker match, they can begin with
production. A productive firm is best viewed as a cooperation between all
three agents, who together produce output and share the proceeds. Each firm
is assumed to have one entrepreneur, one unit of equipment, and one worker.
Each period, the firm produces yt:

yt = ezt , (5.20)

where zt is a stochastic productivity variable.
The proceeds are shared between the partners involved in the firm. The

assumption on sharing is that the first partner to be paid out is the owner of
capital. He receives a fixed share ar of output:

rt = aryt, (5.21)

where rt denotes the payment going to a capitalist. After owners of capital have
been paid out, the remaining surplus, denoted by St, is shared between a worker
and an entrepreneur. Wages (wt) are determined by the following equation:6

wt = (1− ω1)[ωSt + (1− ω)(1− ar)], (5.22)

where

St = (1− ar)yt. (5.23)
6This type of sharing rules is discussed in Mortensen and Nagypál (2007).
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Here, ω is a parameter that controls for wage stickiness and ω1 is a param-
eter that determines the average share of surplus received by the entrepreneur.
ω=0 corresponds to fixed wages (fixed at their steady-state level) and ω=1
corresponds to flexible wages. Intermediate values of ω correspond to various
degrees of wage stickiness.7

The entrepreneur’s share of output, πt, is the remainder after the owners of
capital and workers have been paid out:

πt = yt − rt − wt. (5.24)

There are two advantages of such a sharing rule. First, this sharing rule
makes it simpler to calibrate the model. As shown by Hagedorn and Manovskii
(2008), making the entrepreneur’s share sufficiently small removes the problem
pointed out by Shimer (2005) that a standard matching model cannot generate
enough employment volatility. With the above sharing rule, it is simple to
control the share of surplus that goes to the entrepreneur. Second, it will turn
out that fluctuations in the entrepreneur’s share are important to understand
how the model works. A sharing rule that can control these fluctuations in a
simple way facilitates the analysis of the model.

To understand how wage stickiness and a small share for the entrepreneur
interact in the sharing rule, consider the following example. Suppose ar=0.333,
ω1=0.0015 and the output per firm is 1,000 units. Then the sharing rule implies
that approximately one third of output will go to the capitalist (333 units),
approximately two thirds will go to the worker (666 units) and the remainder
will go to the entrepreneur. Suppose productivity increases, so that output rises
by 10% to 1,100 units and assume wages are completely flexible (ω=1). In this
case, the share of capital will rise to 366.3 units, the share of labour to 732.6 units
and the share of the entrepreneur to 1.1 unit. That is, all shares will increase
by 10%. But if wages are somewhat sticky, say ω=0.75, the capitalist still earns
366.3 units, but the worker now receives only 715.7 units. The remaining 18
units are retained by the entrepreneur. In percentage terms, the increase in the
entrepreneur’s revenues becomes very large. Therefore, the smaller the share of
the entrepreneur and the stickier are wages, the stronger will be the percentage
increase in the entrepreneur’s benefits from the productivity increase.

The effects of the sharing rule have important consequences for the behaviour
of the model. Recall that asset values (equations 5.3, 5.7 and 5.8) depend on the
benefits received by the entrepreneur, capitalist and worker. For example, if an
entrepreneur can expect to benefit strongly from a productivity increase in the
future, his asset value of having a productive firm (equation 5.3) will increase.
This will lead to an increase in his asset value of having an idle firm (equation
5.2), and a more valuable idle firm will induce more entrepreneurs to enter with
empty projects (equation 5.1). A sharing rule that allows one to control for
the share of the entrepreneur and wage stickiness therefore allows to control the
strength of this mechanism.

7Note that here sticky wages means sticky real wages.
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5.2.7 Equilibrium
Because every productive firm employs exactly one worker, we have that in
equilibrium the number of productive firms has to equal the number of employed
workers,

Ft−1 = Nt−1. (5.25)

Equilibrium of the model consists of 25 equations in 25 variables. The vari-
ables are listed in table 5.1:

Table 5.1: List of variables
Variable Description

c Aggregate consumption
I Investment in equipment
J Investment in empty projects
N Aggregate employment
FI Stock of idle equipment
FM Number of idle firms
F Number of productive firms
ΓCI Value of idle equipment
ΓEM Value of an entrepreneur’s share in an idle firm
ΓCM Value of a capitalist’s share in an idle firm
ΓE Value of an entrepreneur’s share in a productive firm
ΓC Value of a capitalist’s share in a productive firm
ΓW Value of a worker’s share in a productive firm
y Output per productive firm
π Entrepreneur’s share of output
r Capitalist’s share of output
w Worker’s share of output
S Surplus
MK Number of matches between entrepreneurs and capitalists
MN Number of matches between idle firms and workers
λK1 Probability that a capitalist finds an entrepreneur
λK2

Probability that an entrepreneur finds equipment
λN1

Probability that an idle firm finds a worker
λN2 Probability that a worker finds an idle firm
z Aggregate shock process

These variables have to satisfy the following system of equations:

• Free entry condition (equation 5.1)

• Asset values (equations 5.2 to 5.8)

• Aggregate budget constraint (equation 5.9)
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• Laws of motion for state variables (equations 5.10 to 5.12)

• Law of motion for the aggregate shock (equation 5.13)

• Matching functions (equations 5.14 and 5.15)

• Matching probabilities (equations 5.16 to 5.19)

• Shares in output and surplus (equations 5.20 to 5.24)

• Equilibrium condition (equation 5.25)

5.2.8 Calibration
The model is calibrated to quarterly data, assuming that all shocks are unan-
ticipated. This follows the reasoning of den Haan and Kaltenbrunner (2009)
that a model should be able to generate reasonable business cycle statistics in
response to standard unanticipated shocks before one examines whether such a
model can generate Pigou cycles. Table 5.2 gives an overview of parameter val-
ues and targets. Parameters are either standard values taken from the literature
(where applicable) or calibrated to relevant empirical moments (first moments
in most cases).

Table 5.2: Parameter values and targets
Parameter Value Target/Source
Discount factor, β 0.9966 4% annual discount rate
Relative risk aversion, γ 2 Range considered
Capital share in output, ar 0.333 ≈ 1/3 of output
Labour share in surplus, (1 − ω1) 0.9984 σ[lnN ]/σ[lnY ] = 0.466

Real wage stickiness, ω 0.6878 σ[lnW ]/sigma[ln Y
N

] = 0.755

Cost of equipment, ξ 10.341 λN2=0.454
Cost of empty project, ψ 0.0296 λK1=0.7
Elast. of labour matching, λ 0.6 Petrongolo and Pissarides (2001)
Elast. of capital matching, µ 0.5 Petrongolo and Pissarides (2001)
Scaling of capital matching f., φK 0.7937 λK2=0.9
Scaling of labour matching f., φN 0.4035 λN1=0.338
Breakup rate, ρx 0.0274 U = 5.7%

Shock persistence, ρ 0.95 0.95
Standard dev. of innovations 0.0055 σ[lnY ] = 0.016

Preferences are calibrated assuming a 4% annual discount rate, which implies
β=0.9966 on a monthly basis (the model frequency is monthly), and assuming
a coefficient of relative risk aversion γ=2, which is a standard value used in the
RBC literature. This parameter plays an important role in the model and a
range of values will be considered.

The parameter ar that determines the share of capital in output is calibrated
to match the standard share of capital, one third. The remainder is shared by
workers and entrepreneurs, such that the share of labour is close to the standard
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two thirds of output. In order to generate enough volatility of employment (to
avoid the Shimer puzzle), the entrepreneurs’ share in surplus has to be small
and sufficiently volatile (see Hagedorn and Manovskii, 2008, and den Haan and
Kaltenbrunner, 2009).8 The share of the entrepreneur’s revenues is chosen to
match the target employment volatility in the data (σ[lnN ]/σ[lnY ] = 0.466)
and the wage stickiness parameter is chosen to match the relative volatility of
wages (σ[lnW ]/σ[ln YN ] = 0.755).9 An alternative calibration, where the target
for employment volatility is σ[N ]/σ[ YN ] = 0.437, is considered in appendix 5.A.

Calibration of parameters ψ, ξ, φK and φN is chosen to the fit the match-
ing probabilities. Empirical data are available only for matching probabilities
related to labour (λN1 and λN2), that is, for the probability that a firm finds
a worker and the probability that a worker finds a job. The values of these
probabilities are taken from den Haan and Kaltenbrunner (2009). Matching
probabilities for capital have no obvious empirical counterpart. Because they
are probabilities, their values should be in the range between zero and one. In
the benchmark case λK1 and λK2 are set to relatively high values, assuming
that matching of capital goods and empty projects is a simpler (faster) process
than finding a worker. To make sure these values do not drive the results, the
sensitivity of outcomes is checked for a range of values.10 This leaves two elas-
ticities of the matching functions. Elasticity used in the matching function for
labour, λ, is taken from Petrongolo and Pissarides (2001). Elasticity used in
the matching function for equipment, µ, is set to the midpoint of the range of
elasticities reported by Petrongolo and Pissarides (2001) and the robustness of
results to this choice is examined in section 5.3.3.

The breakup rate, ρx, is set to match the steady-state level of U.S. unem-
ployment (5.7%, taken from den Haan and Kaltenbrunner (2009)). Persistence
of the exogenous shock process, ρ, is set to 0.95, which is the standard value
used in the RBC literature. The volatility of innovation, σ, is chosen to match
the empirical value of the HP-filtered output volatility, σ[lnY ] = 0.016.

5.3 Results

5.3.1 Solution method and model performance
Solution method and model statistics. The model is solved using first-
order perturbation. This is a standard solution method that computes policy
functions using a linear approximation of the model equations around the steady
state.

8The share received by entrepreneurs should not be interpreted as firm profits, be-
cause profits include compensation of capital. A more appropriate interpretation of the en-
trepreneur’s share is that this is excess profit, i.e., the remainder after capital and workers
have been paid.

9Note that both the size of the entrepreneur’s share and wage stickiness affect the volatility
of entrepreneur’s asset value, which governs the volatility of his responses to shocks.

10See section 5.3.3. It turns out that the results of the model are very robust to different
values of λK1 and λK2 .
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Model statistics are obtained from simulated data. Quarterly data series
are obtained by generating data series on a monthly frequency and then aggre-
gating them to the quarterly frequency. Out of 700 quarterly observations the
first 500 are discarded to avoid dependence on initial conditions. The retained
200 quarterly observations correspond to the usual sample length for the U.S.
(approximately 50 years). Data series are transformed to logs and detrended
using the HP-filter with the smoothing constant set to 1,600. This procedure is
repeated 1,000 times, and the reported statistics are averages across the samples.

Performance of the model. Table 5.3 displays a set of business cycle statis-
tics for the U.S. data (taken from den Haan and Kaltenbrunner, 2009), together
with the corresponding model statistics, both for unanticipated and for antici-
pated shocks.11 Targeted moments are shown in italics.12

Table 5.3: Business cycle statistics in the data and in the model
Statistic Data Surprise shock Anticipated shock
σ[lnY ] 0.016 0.016 0.017
σ[lnN ]/σ[lnY ] 0.466 0.466 0.516
σ[lnW ]/σ[ln YN ] 0.755 0.755 0.645
σ[lnI]/σ[lnY ] 4.560 2.787 3.605
σ[lnC]/σ[lnY ] 0.696 0.334 0.272
σ[ln YN ] 0.013 0.010 0.011
σ[N ]/σ[ln YN ] 0.437 0.730 0.721
σ[VU ]/σ[ln YN ] 18.98 46.29 45.59
σ[lnY ]/σ[lnZ] - 1.506 1.576
Corr(lnC, lnY ) 0.78 0.887 0.661
Corr(lnI, lnY ) 0.88 0.982 0.915
Corr(lnN, lnY ) 0.77 0.913 0.782
Corr(lnY, U) -0.86 -0.833 -0.836
Corr(ln YN , U) -0.33 -0.621 -0.490
Corr(lnV, U) -0.93 -0.690 -0.740

Notes: Monthly data from the model are transformed into quarterly data and then filtered
using the HP-filter. Model statistics are based on averages over 1,000 samples.

The properties of the model when shocks are not anticipated are very sim-
ilar to the properties of standard real business cycle models. The ordering of
relative volatilities of consumption and investment is as expected - consump-
tion is less volatile than output and investment is more volatile (though still
not as volatile as in the data). Employment, consumption and investment are

11For accuracy reasons, statistics involving unemployment are computed using ten times
smaller shocks. See appendix 5.B for details.

12There is no unanimity in the literature about how important news shocks are. For this
reason the choice taken here was to calibrate the model in a standard way using unanticipated
shocks. As explained below, calibrating the model using anticipated or unanticipated shocks
makes little difference.
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all procyclical. In terms of labour market statistics, the model also performs
quite well. Unemployment is almost as countercyclical as in the data and the
correlation between unemployment rate and vacancies is also strongly negative
(but still not as negative as in the data). In particular, it does not suffer from
Shimer’s (2005) criticism that matching models are not capable of generating
enough volatility in labour market variables.13

The model was not recalibrated when model statistics for anticipated shocks
were computed. In most cases, model statistics with anticipated shocks are
quite close to model statistics with unanticipated shocks. The reason is that
shocks are persistent and what happens during the anticipation period is only
a minor part of the total response to a shock (when a shock materialises, the
response is very similar to the response to an unanticipated shock). Where there
are differences, they are the result of filtering. For example, investment is more
volatile for anticipated shocks than for unanticipated shocks. The reason is that
in response to an anticipated shock, investment decreases on impact, but then
begins to gradually increase and increases strongly when the shock materialises.
Because the HP-filter is a two-sided filter, it incorporates a part of the increase
after the shock has materialised into the trend component, which is now higher,
resulting in more volatile investment.14

5.3.2 Pigou cycles
Pigou cycles are defined as a joint increase in consumption, investment, out-
put and employment before the productivity shock has materialised (during
the anticipation period). The key question is whether the model, calibrated
to generate reasonable business cycle statistics when unanticipated shocks are
the driving force, can also generate Pigou cycles. An anticipated shock (a news
shock) is defined as a fully credible announcement at time t = 0 that produc-
tivity will increase after 12 periods, i.e., at the beginning of t = 13. Because the
model is specified at a monthly frequency, this corresponds to an anticipation
period of one year.

Competitive equilibrium, sticky wages

The first case to examine is the benchmark case, the competitive equilibrium
(CE) with sticky wages. Figures 5.3 and 5.4 show the impulse responses of the
key variables in the model to a news shock. The part of the impulse response
to the left of the vertical line is the impulse response during the anticipation
period.

When a positive shock is announced, all household members will expect to
be richer in the future, which causes consumption to increase (top panel of fig-

13Calibrating the entrepreneur’s share by targeting σ[lnN ]/σ[lnY ] induces too much volatil-
ity in σ[N ]/σ[ln Y

N
] and σ[V

U
]/σ[ln Y

N
]. For this reason, appendix 5.A discusses the case where

the entrepreneur’s share is calibrated to match σ[N ]/σ[ln Y
N
].

14Without HP-filtering, model statistics with unanticipated shocks are very close to those
with anticipated shocks.
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ure 5.3). This is the standard wealth effect.15 At the same time, entrepreneurs
increase investment in empty projects (middle panel of figure 5.3). Because of
time delays, resources are predetermined, implying that that the increase in con-
sumption and investment in empty projects can only be financed by decreasing
investment in equipment (bottom panel of figure 5.3). Investment in equipment
(physical capital) therefore declines initially.

An increase in the number of empty projects causes an increase in the num-
ber of matches between entrepreneurs and capitalists, that is, an increase in the
number of idle firms (top panel of figure 5.4). In the next period, idle firms
can begin searching for workers. As each idle firm searches for one worker, the
increase in the number of idle firms is equivalent to the increase in vacancies.
Employment is predetermined and therefore remains fixed on impact. Because
idle firms have to wait one period before they can match with workers, employ-
ment remains fixed in the second period, too (middle panel of figure 5.4). In the
third period after the shock, when more idle firms have matched with a worker,
output increases (bottom panel of figure 5.4). One period later, in the fourth
month, the increase in resources becomes sufficiently strong for investment in
physical capital to increase. That is, beginning with the second quarter after the
shock is announced, the model can generate a full Pigou cycle (a joint increase
in consumption, investment, employment, and output).

15Note that the household as a whole decides how much to consume.
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Figure 5.3: Impulse response to an anticipated shock: CE, sticky wages I
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Notes: The panels plot the response of the indicated variable to a positive one-standard-
deviation news shock.
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Figure 5.4: Impulse response to an anticipated shock: CE, sticky wages II
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It is important to understand how this model can give rise to Pigou cycles.
The first mechanism that helps to create Pigou cycles is a strong increase in
resources before the shock materialises. Because productivity is fixed during
the anticipation period, the only way to increase resources is to increase the
number of productive firms or, equivalently, employment. The key mechanism
to achieve this is that the matching process for workers is very very sensitive to
vacancies, while the number of vacancies for workers (the number of idle firms) is
persistent (see top panel of figure 5.4). What is meant by the matching process
being sensitive to vacancies is that the increase in the number of vacancies gen-
erates numerous new matches, resulting in a strong increase in employment and
therefore in resources. Persistence of the increase in vacancies guarantees that
this effect is not short-lived and keeps increasing employment (and resources)
throughout the anticipation period. In fact, the peak response of employment
occurs during the anticipation period (middle panel of figure 5.4).

The mechanism described in the previous paragraph creates additional re-
sources, but there still needs to be a mechanism that channels newly created
resources to investment (new resources could simply be consumed). Figure
5.5 displays three key variables that drive investment in this model. The top
panel shows the asset value of an entrepreneur’s share in an idle firm.16 The
announcement of the shock increases the value of the entrepreneur’s share in
both the idle and the productive firm and induces the entrepreneur to increase
investment in new empty projects.17 Empty projects match with the existing
stock of capitalists’ equipment (middle panel of figure 5.5). As the existing
stock of idle equipment is rapidly depleted (both because of the initial decrease
of investment in equipment and because there are more matches of existing
equipment with entrepreneurs) and there are more empty projects, the proba-
bility of matching with an entrepreneur increases (bottom panel of figure 5.5).
A higher matching probability makes it more attractive to invest in equipment
and investment in capital goods increases. Note that the interaction between
entrepreneurs’ empty projects and capitalists’ equipment has a mutually rein-
forcing effect. More empty projects induce more investment in equipment, but
more investment in equipment also reinforces the increase in empty projects,
because it reduces the decrease in the probability that entrepreneurs will find
appropriate equipment for their projects.18

16The value of an idle firm mimics closely the value of a productive firm, because the only
way to obtain a share in a productive firm (and therefore a share of surplus) is to first establish
an idle firm. However, there is still a matching probability that separates both firm values.

17Recall that Beaudry and Portier (2006) have used the increase in asset values to identify
news shocks about future productivity. A nice feature of this model is that it is able to
reproduce the increase in asset prices.

18Mutual reinforcement of entrepreneur’s and capitalist’s actions can be explained by look-
ing at entrepreneur’s free-entry condition (equation 5.1). Given the increase in the asset value
and fixed entry cost, the matching probability (equation 5.17) has to decrease. This can be
accomplished by an increase in the denominator, i.e., the increase in the number of empty
projects, and by a decrease in the numerator, i.e., the stock of idle equipment. But if the
stock of idle equipment decreases by less (because there is investment in equipment), then the
number of empty projects has to increase by more.
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Figure 5.5: Impulse response to an anticipated shock: CE, sticky wages III
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deviation news shock.
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Socially optimal solution and resource creation

The purpose of this section is twofold. First, it shows that the social planner’s
solution of the model does not generate Pigou cycles. Second, it sheds more
light on the mechanism that enables the decentralised model to create enough
resources before the productivity shock materialises.

Socially optimal solution. The social planner’s solution can be obtained by
solving the model subject only to the resource constraint and laws of motion
for idle firms and productive firms (together with the exogenous productivity
process). A characteristic of such a solution is that matching externalities are
taken into account. Figures 5.6 and 5.7 show the impulse responses of the social
planner’s solution.

The social planner’s solution does not generate Pigou cycles. Consumption
increases, but all forms of investment, output, and employment decrease during
most of the anticipation phase.19 Investment in empty projects begins to in-
crease three periods before the shock materialises. This is because the matching
friction acts as an adjustment cost, which makes it optimal to increase invest-
ment in empty projects gradually.20 Because investment in empty projects is
small relative to investment in equipment, the response of total investment is
still negative throughout the anticipation period.

The above result indicates that the finding of den Haan and Kaltenbrunner
(2009) also applies to this model, that is, matching frictions alone are not suf-
ficient to generate Pigou cycles. What is important is how the surplus is split
between a worker and an entrepreneur, because this determines employment
volatility. If the surplus is split optimally (as in the social planner’s solution),
the model does not generate enough employment volatility. To see this, com-
pare the second panel of figure 5.7 with the second panel of figure 5.4. In the
social planner’s solution the response of employment both before and after the
productivity increase is tiny compared to the benchmark model.21

19The output decrease is small and is dwarfed by the increase when the shock materialises.
20The reason for the spike two periods before the shock materialises is that it takes two

periods for an empty project to become productive. Increasing the number of empty projects
more strongly two periods before the shock materialises is therefore just in time to bene-
fit from the increase in productivity. These empty projects match with the existing stock
of idle equipment and investment in capital goods (equipment) does not increase until the
productivity shock materialises.

21Recall that the benchmark model is calibrated to match σ[lnN ]/σ[lnY ] exactly.

229



Inefficiencies and Pigou Cycles

Figure 5.6: Impulse response to an anticipated shock: Social planner I
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Notes: The panels plot the response of the indicated variable to a positive one-standard-
deviation news shock.
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Figure 5.7: Impulse response to an anticipated shock: Social planner II
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Notes: The panels plot the response of the indicated variable to a positive one-standard-
deviation news shock.
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Thus, to generate sufficient employment volatility, the sharing rule has to
be such as in the decentralised model. The implication is that just before the
productivity increases, the agents would like to increase employment in order to
benefit from the productivity increase. But because of the matching friction, it is
optimal to react early, resulting in an increase in vacancies well before the shock
materialises. This early increase in vacancies in the decentralised model causes
an increase in both employment and output during the anticipation period.

Inefficiencies and resource creation. As demonstrated by den Haan and
Kaltenbrunner (2009), one of the key problems in generating Pigou cycles is
how to create enough resources before the shock materialises. They point out
that an increase in both consumption and investment is possible only when the
investment of entrepreneurs is self-financing. The same reasoning applies to
the benchmark model discussed here. A unit invested by entrepreneurs in new
projects must create more than one unit of additional resources. The excess
resources can then be allocated to consumption and investment in capital.22
The mechanism which enables the model to generate excess resources is that
when the benchmark model is calibrated to match employment volatility in
the data, this implies that the steady state of the model is below the socially
efficient steady state. More precisely, in the decentralised model, there is too
little investment in empty projects, which results in too little vacancies and
higher unemployment than is optimal.

To illustrate this point, table 5.4 displays steady state levels of the key
variables in the model. The first row shows socially optimal steady states (SP
stands for the social planner) and the second row shows steady states of the
decentralised model (CE stands for the competitive equilibrium).

Table 5.4: Steady state levels of key model variables
Model IE FM U FI IC N
SP 0.0368 0.2894 0.0248 0.0309 0.2771 0.9752
CE 0.0288 0.0766 0.0570 0.0370 0.2678 0.9430

The main difference between the competitive equilibrium and the social plan-
ner’s solution is in the number of empty projects, IE , the number of idle firms
(vacancies), FM , and unemployment, U . Compared to the social planner’s so-
lution, there are far less empty projects and even less idle firms (vacancies) in
the competitive equilibrium. Unemployment is more than twice as large than
the socially optimal level and the stock of idle equipment, FI , is also somewhat
larger than in the social planner’s solution.

These differences play an important role in how large the quantitative impact
of the increase in empty projects is. Recall than in the first stage of the match-

22How to allocate them to both consumption and investment in capital is a different issue.
As explained in section 5.3.2, this is achieved because a strong increase of empty projects
causes a positive externality for investors in equipment (an increase in the probability of
finding an empty project), which induces capitalists to increase investment in equipment.
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ing process, empty projects match with idle equipment. If, compared to the
social planner’s solution, there are relatively few empty projects and more idle
equipment, then a given increase in empty projects in the competitive equilib-
rium will generate more matches than the same increase in the social planner’s
solution. More matches in the decentralised model mean that there are more
new idle firms than in the social planner’s solution. Because each idle firm posts
one vacancy, more idle firms coming out of the first stage of matching implies
more vacancies to match with unemployed workers in the second stage. A given
increase in vacancies at the second stage of matching is generating more matches
in the competitive equilibrium (the model starts with less vacancies and more
unemployed workers). Because the increase in vacancies is stronger in the com-
petitive equilibrium, it generates even more new matches (and therefore more
resources) than in the social planner’s case.23 Thus, a unit invested in an empty
project in the competitive equilibrium receives a boost in efficiency at each stage
of the matching process, which is the reason why it can create excess resources
and become self-financing.

Competitive equilibrium, flexible wages

This section will show that a strong reaction of entrepreneurs is crucial for
Pigou cycles. An important reason for the model’s responses is a sharp increase
in the value of the entrepreneur’s share in the firm. As explained in section
5.2.6, a small share of the surplus received by the entrepreneur combined with
some degree of wage stickiness will cause an overproportional increase in the
entrepreneur’s share of the surplus and hence in the value of his share in the firm.
This will lead to a strong reaction of empty projects and an increase in vacancies,
which will in turn ensure sufficient volatility of employment and generate Pigou
cycles. Sticky (real) wages play an important role in this mechanism, because
without some degree of wage stickiness, the increase in the entrepreneur’s share
of surplus is not strong enough.

Suppose wages are completely flexible. This implies that the increase in the
entrepreneur’s share of surplus is proportional to the announced productivity
increase and the increase in the entrepreneur’s asset value will not be as strong
as in the sticky wages case (it will not even increase initially). The reaction of
empty projects will therefore be weaker. Figures 5.8 and 5.9 show the responses
of the key model variables to a news shock when wages are flexible.

23Moreover, even though the increase in the number of vacancies is persistent, the initial
level is small enough that even a persistent increase is still efficient, which is why employment
keeps increasing during the anticipation period.
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Figure 5.8: Impulse response to an anticipated shock: CE, flexible wages I
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Notes: The panels plot the response of the indicated variable to a positive one-standard-
deviation news shock.
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Figure 5.9: Impulse response to an anticipated shock: CE, flexible wages II
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Notes: The panels plot the response of the indicated variable to a positive one-standard-
deviation news shock.
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As in the sticky wages case, the announcement of a positive shock in the
future induces the household to increase consumption immediately (top panel of
figure 5.8). This time, however, the increase in consumption is made possible by
a reduction in both investment in empty projects and investment in equipment
(middle and bottom panels of figure 5.8). Because both empty projects and
idle equipment decrease, there are less matches between them and the stock of
idle firms decreases (top panel of figure 5.9). This decrease in the number of
idle firms is equivalent to the decrease in the number of vacancies, which causes
employment and output to decrease (middle and bottom panels of figure 5.9).

The reason for such drastically different effects when wages are flexible is
that the reward for entrepreneurs for starting new empty projects is too small.
Even though the value of an entrepreneur’s share in an idle firm still increases
when the shock materialises, the increase is too small and is ‘discounted away’
because of the expected increase in consumption. Discounting with the marginal
utility of consumption is the reason why the value of the entrepreneur’s share in
the idle firm exhibits a small decrease in the beginning of the anticipation period
(top panel of figure 5.10). This is the reason why investment in empty projects
decreases. Moreover, reinforcement effects now work in the opposite direction
than in the benchmark case (where wages are somewhat sticky). Because there is
no initial increase in empty projects, there is no increase in the probability that
equipment will match with empty projects, at least initially (bottom panel of
figure 5.10). When the probability eventually increases, the increase is tiny and
happens too late (compare bottom panels of figures 5.10 and 5.5). Therefore,
there is no incentive for the capitalists to increase investment in equipment.
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Figure 5.10: Impulse response to an anticipated shock: CE, flexible wages III
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Notes: The panels plot the response of the indicated variable to a positive one-standard-
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A model with flexible wages therefore cannot generate Pigou cycles. The
reason is that the initial reaction of the entrepreneurs is not strong enough to
dominate the discounting of future benefits (the wealth effect). It is possible
to reduce the wealth effect by reducing the parameter of relative risk aversion,
γ, which does eventually lead to an increase in empty projects and resources,
but the increase in empty projects is never strong enough to induce the in-
crease in investment in capital together with the increase in consumption. For
small values of γ, it is possible to generate an increase in both investment in
empty projects and in capital, but then consumption decreases. When wages
are flexible, the model therefore cannot generate Pigou cycles.24

It is therefore not enough to have investment levels below the social plan-
ner’s solution to generate Pigou cycles in this model. There must also be a
mechanism that ensures that the initial response of empty projects is strong
enough to generate enough resources and finance an increase in consumption
and both types of investment. Before the shock materialises, the only way to
increase resources is to increase employment. This can only be achieved if the
employment response is strong enough, which is not the case if wages are com-
pletely flexible. In the flexible wages case, the employment response to a shock
is about 20-times lower than in the sticky wages case (compare middle panels
of figures 5.4 and 5.9). A model that cannot generate sufficient employment
volatility will therefore also not be able to generate Pigou cycles.

5.3.3 Robustness
Devising a closed-economy model where Pigou cycles would occur for a wide
range of values for the parameter γ has been difficult. For example, the closed
economy model described in the previous chapter can generate full Pigou cycles
before the sixth month (before the end of the second quarter) only for γ ∈
[0.42, 0.52]. Similarly, den Haan and Kaltenbrunner (2009) obtain Pigou cycles
in the second quarter only for γ ∈ [0.39, 0.49]. The range of γ for which the
model presented in this chapter can generate full Pigou cycles beginning in
a given month is reported in table 5.5. The range of γ for which the model
can generate full Pigou cycles beginning in the second quarter is [0.68, 4.79],
which is substantially wider than in the models just mentioned. For values of
γ that are lower than 0.68 consumption falls, and for the values of γ that are
higher than 4.79, investment in capital goods (equipment) falls before the fourth
month.25 Therefore, at quarterly frequency, the model can generate Pigou cycles
beginning in the second quarter for almost any realistic value of γ larger than
0.68.26

24For a small range of γ, it is possible to have an increase in both types of investment and
consumption, but this only happens a few periods before the shock (for γ=0.8, both types of
investment increase immediately, but consumption increases only in the 11th month.)

25Recall that the model cannot generate Pigou cycles before the third month, because
output remains fixed for two months and the increase in resources in the third month is not
strong enough.

26As in den Haan and Kaltenbrunner (2009), the model was not recalibrated when the
value of γ was changed.
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Table 5.5: Values of γ that generate Pigou cycles
Start of the Pigou cycle Range of γ

3rd month [0.69, 1.11]
4th month [0.68, 4.79]
5th month [0.68, 49.4]

The robustness of results on changes of parameters that govern capital
matching (for which it is difficult to find empirical counterparts) is also ex-
amined. These are the two capital matching probabilities, λK1 and λK2 , and
the elasticity of the capital matching function, µ. To obtain Pigou cycles start-
ing in the second quarter, capital matching probabilities can take almost any
plausible value a probability can take, λK1 ∈[0.15 0.99] and λK2 ∈[0.01 0.99].27
The elasticity of the capital matching function can take any value in µ ∈ [0.01
0.70] and therefore well within the range reported by Petrongolo and Pissarides
(2001). The reason why a model with a very high value of µ cannot gener-
ate Pigou cycles is that a high value of µ implies that an increase in empty
projects quickly congests the first stage of the matching process and creates less
vacancies. Less vacancies in turn leads to less resources.

5.4 Conclusion
The main contribution of the model presented in this chapter is that it can
generate Pigou cycles in a closed economy for a wide range of relative risk
aversion parameter, γ, which has been difficult to achieve in other matching
models. The key ingredients are a strong response of entrepreneurs to shock
announcement, investment levels below the social optimum, which ensures a
sharp increase in vacancies, and the externality caused by entrepreneurs’ choices.
The vigorous reaction of the entrepreneurs immediately after the news about
the future productivity is announced ensures that the model reacts early in
the anticipation period. Investment levels below the social optimum lead to a
sharp increase in vacancies, which ensures that investment in empty projects
is self-financing, i.e., that it creates more resources than are invested in empty
projects. This leaves resources that can be allocated to consumption and/or
investment. Finally, the matching externality increases the probability that
investment in equipment will generate income. This ensures that part of the
increase in resources is allocated to investment in capital.

27When λK1 is set lower than 0.15 investment in equipment does not increase because the
externality generated by empty projects is too weak. For low values of λK1 the steady-state
level of idle equipment is larger. When entrepreneurs enter with new empty projects and these
get matched with idle equipment, the initial stock of idle equipment is too large to deplete
fast enough. Because of this, the probability that investors in capital goods (equipment) will
match with empty projects does not increase enough and there is no incentive to increase
investment in idle equipment.
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5.A Alternative calibration
The benchmark model in the main text has been calibrated to match employ-
ment volatility measured as σ[lnN ]/σ[lnY ]. This appendix reports the results
for the same model, but calibrated to match employment volatility measured
by σ[N ]/σ[lnY/N ] = 0.437. Business cycle statistics for this calibration are
reported in table 5.6. If one compares these statistics with those in the main
text (table 5.3), there are almost no differences except for relative volatility of
employment, σ[lnN ]/σ[lnY ], which is now below its empirical counterpart, and
relative tightness, σ[VU ]/σ[ln YN ], which is now closer to the data (though still
somewhat too large).

Table 5.6: Business cycle statistics in the data (US) and in the model
Statistic Data Surprise shock Anticipated shock
σ[lnY ] 0.016 0.016 0.017
σ[N ]/σ[ln YN ] 0.437 0.437 0.383
σ[lnW ]/σ[ln YN ] 0.755 0.755 0.691
σ[lnI]/σ[lnY ] 4.560 2.702 3.059
σ[lnC]/σ[lnY ] 0.696 0.347 0.258
σ[ln YN ] 0.013 0.010 0.011
σ[lnN ]/σ[lnY ] 0.466 0.349 0.335
σ[VU ]/σ[ln YN ] 18.98 27.60 24.21
σ[lnY ]/σ[lnZ] - 1.251 1.246
Corr(lnC, lnY ) 0.78 0.881 0.623
Corr(lnI, lnY ) 0.88 0.989 0.987
Corr(lnN, lnY ) 0.77 0.795 0.640
Corr(lnY, U) -0.86 -0.690 -0.696
Corr(ln YN , U) -0.33 -0.462 -0.447
Corr(lnV, U) -0.93 -0.736 -0.721

Notes: Monthly data from the model are transformed into quarterly data and then filtered
using the HP-filter. Model statistics are based on averages over 1,000 samples.

The model is able to generate Pigou cycles for this alternative calibration.
The impulse responses to a news shock for the case where γ = 2 are displayed in
figures 5.11 to 5.13. Compared to the benchmark case reported in the main text
(figures 5.3 to 5.5), the responses are less vigorous. The reason is that the share
of entrepreneur is larger with the alternative calibration. Because of this, an
increase in entrepreneur’s asset value (top panel of figure 5.13) is smaller than
in the benchmark model (top panel of figure 5.5). Therefore, the number of new
empty projects is smaller, which causes all the other responses to be smaller,
too. In particular, the externality that causes an increase in investment in
capital (equipment) is also smaller. This is the reason why investment increases
later (in the fourth month) and is, as will be seen shortly, also more sensitive to
increases in γ.
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Figure 5.11: Impulse response to an anticipated shock: CE, sticky wages I
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Notes: The panels plot the response of the indicated variable to a positive one-standard-
deviation news shock.
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Figure 5.12: Impulse response to an anticipated shock: CE, sticky wages II
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Notes: The panels plot the response of the indicated variable to a positive one-standard-
deviation news shock.
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Figure 5.13: Impulse response to an anticipated shock: CE, sticky wages III
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Notes: The panels plot the response of the indicated variable to a positive one-standard-
deviation news shock.
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Because a larger share going to an entrepreneur implies less vigorous re-
sponses of empty projects to a news shock, the range of parameter values for
which the model is able to generate Pigou cycles is narrower (see table 5.7).

Table 5.7: Values of γ that generate Pigou cycles
Start of the Pigou cycle Range of γ

3rd month [0.81, 1.00]
4th month [0.81, 1.77]
5th month [0.80, 3.14]

Despite the fact that parameter ranges for Pigou cycles are now narrower, the
range of γ for which the model can generate Pigou cycles starting in the second
quarter is still much larger than that for the model in the previous chapter or
that found by den Haan and Kaltenbrunner (2009).

5.B Accuracy
First-order perturbation solution is a linear approximation around the steady
state. If shocks are large and persistent, it can sometimes happen (depending
on the model) that some variables drift too far from the steady state and gener-
ated data series can become inaccurate. In the model described here, this some-
times occurs with unemployment. The reason is that vacancies in this model
are relatively persistent. When a positive shock causes vacancies to increase,
they tend to stay high for several periods, resulting in a persistent decrease in
unemployment. In particular, a series of positive shocks can sometimes push
unemployment close to zero (or even below zero), which distorts business cycle
statistics involving unemployment.

There are several ways to improve accuracy. An obvious solution is to use
small shocks when simulating the model. An alternative solution is to avoid
approximation wherever this is possible. For example, if the model is specified
in logs instead of levels, some equations are already linear (e.g., the production
function, the matching functions and the matching probabilities) and therefore
do not have to be approximated. Moreover, levels of variables like consump-
tion and unemployment cannot be negative. If such variables are specified in
logs, this will guarantee that they will never turn negative when the model is
simulated. For both reasons, the benchmark model was specified in logs.28

Even with the model specified in logs, it can sometimes still happen that
a series of large and positive shocks pushes unemployment close to zero. This
is not an important problem for statistics involving the level of unemployment,
but it can be a problem for the tightness series, VU , which can sometimes involve
division by a very small positive number, resulting in a very large value of V

U .
This problem can be seen in the second column of table 5.8, which shows business
cycle statistics generated by the benchmark calibration of the model, i.e., when

28Specification in levels gives similar results.
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the shock is relatively large (labelled as ‘large shock’, σ = 0.0055). Note the
very high value of σ[VU ]/σ[ln YN ] and the large discrepancy between the mean
and the mode. The problem can be addressed by simulating the model using
smaller shocks, which ensures that the model stays close to the point around
which it is approximated (i.e., where we know that the solution is accurate).
The third column of table 5.8 shows the same set of statistics when the shock
is ten times less volatile (‘small shock’).

Table 5.8: Accuracy of model statistics
Statistic Large shock Small shock
σ[lnY ] 0.016 0.002
σ[lnN ]/σ[lnY ] 0.466 0.466
σ[lnW ]/σ[ln YN ] 0.755 0.755
σ[lnC]/σ[lnY ] 0.334 0.334
σ[ln YN ] 0.010 0.001
σ[N ]/σ[ln YN ] 0.730 0.728

σ[VU ]/σ[ln YN ]
633.4 (mean) 46.29 (mean)
3.366 (mode) 43.88 (mode)

σ[lnY ]/σ[lnZ] 1.507 1.576
Corr(lnC, lnY ) 0.887 0.887
Corr(lnI, lnY ) 0.982 0.991
Corr(lnN, lnY ) 0.913 0.914
Corr(lnY, U) -0.762 -0.833
Corr(ln YN , U) -0.568 -0.621
Corr(lnV, U) -0.630 -0.690

Notes: Monthly data from the model are transformed into quarterly data and then filtered
using the HP-filter. Model statistics are based on averages over 1,000 samples.

Decreasing the shock size directly affects statistics like σ[lnY ] and σ[ln YN ],
but it should not affect the statistics that are expressed as relative volatilities,
as long as the model is linear or linearised (unless the solution is inaccurate).
Except statistics that involve unemployment, all other statistics are virtually
identical in both columns, which indicates that these statistics are accurate for
realistic shock sizes. There are some differences in statistics which involve the
level of unemployment, but these differences are small. The largest and the
most important difference is for the relative tightness, σ[VU ]/σ[ln YN ]. For the
benchmark calibration (second column), this statistic is extremely large and
highly skewed. This is not the case when shocks are small. As explained, with
smaller shocks unemployment remains in the region close to the point around
which the model is approximated (is not pushed close to zero) and there are no
spikes in the ratio V

U .
29

29To investigate whether the solution using ten times smaller shocks is accurate, the results
were checked against the results using a hundred and a thousand times smaller shocks. There
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It should be emphasised that accuracy is not an issue for calibration. Busi-
ness cycle and labour market statistics used for calibration were σ[lnN ]/σ[lnY ]
and σ[lnW ]/σ[ln YN ], none of which suffers from accuracy problems.

are no material differences if shocks are even smaller (business cycle statistics essentially
converge to the values reported in the last column of table 5.8).
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