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Abstract

How do monopolistically competitive industries react to shocks within
the framework provided by a New Keynesian macro model? I link macro-
economics and trade theory through a consideration of market dynamics
and use an analytically tractable model of a closed economy with en-
dogenous �rm entry to show the implications of market structure for the
transmission of real shocks to aggregate variables and welfare. The sources
of the shock have an important bearing on the results: thus, productivity
shocks have an extensive impact on production, while innovation shocks
have an intensive impact. A more patient population results in a more
varied market, and is able to cushion the e¤ects following an innovation
shock.

JEL CLASSIFICATION CODES: E32, E52
Keywords: extensive margin, innovation, market dynamics, endoge-

nous entry, real shocks.

1 Introduction

Markets are dynamic and as such both the volume and range of goods supplied
change from period to period, these changes being linked to macroeconomic
foundations. Although macroeconomics and trade theory are closely interre-
lated, the former typically takes patterns of trade and market structures as
given.
This paper develops a simple model of a closed economy to explore the

responses of intensive (volume) and extensive (range of varieties) margins to real
shocks. In so doing, it takes into account the fact that household welfare depends
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both on the quantity and diversity of consumption, i.e., a household prefers
to consume a bit of everything rather than a lot of one homogeneous good.
Krugman (1991), for example, has emphasized the role of product diversi�cation
on welfare in the context of spatial economics.
I distinguish between two technologies in the economy. The �rst determines

the capacity to invent new varieties. Firms compete with their di¤erentiated
varieties in a monopolistic market. They devote one period to designing a
variety and constructing a plant in which to produce it. Having done this,
they then produce and sell this variety in the following period. However, the
competition to o¤er new or improved varieties means that today�s goods are
obsolete after just one year of production. As such, �rms are obliged to use
their resources to invent new varieties every period. Thus, varieties should
not be considered as haute couture fashion items but rather as manufactured
goods that which need to be constantly adapted and improved. New models of
computers or cameras and the latest fashions for the forthcoming season are just
some examples of the �butter�y�varieties that make up long-lived goods. The
second technology determines methods of production. Both technologies are
homogeneous across �rms and subject to external shocks. Here, a consideration
of the two technologies has a considerable bearing on the results as each of them
a¤ects real variables, albeit in distinct ways.

New Keynesian models combine a stripped-down Dixit-Stiglitz model of in-
dustrial structure with intertemporal optimizing behaviour and rational expec-
tations. They also generally impose a form of transitory nominal rigidity on
product prices and labour costs. The advantage of these models is their capac-
ity to combine these elements with a particular versatility for handling shocks
and associated policy challenges in seeking to achieve short-term stabilization.
One of their restrictions, however, is typically recognized as being the exog-
enization of the total number of �rms. This is in contrast with the original
Dixit-Stiglitz paper (Dixit and Stiglitz 1977), where the number of �rms is en-
dogenous and determined by a free entry-exit condition. This paper allows the
number of �rms to vary over time and while this is not an entirely innovative
feature, few other papers conducted in the New Keynesian tradition do so. The
obvious exception here is the inter-country allocation of �rms undertaken in the
Obstfeld-Rogo¤ papers (e.g. JPE 1995).
Corsetti, Martin and Pesenti (2007) explored these issues in the context of a

pure static model. Here, I adhere closely to their paper by introducing a quasi-
dynamic framework, in that I allow households to take intertemporal decisions,
although I focus my attention primarily on comparative statics. It is reasonable
to believe that the e¤ects of real shocks will di¤er when we account for the future
expectations of agents. Likewise, uncertainty may also play a crucial role in the
maximizing behaviour of agents. In order to capture this as simply as possible, I
introduce risk to �rms via price rigidities. The introduction of nominal rigidities
enables me to re�ect on monetary policy and its optimal target.

As in Corsetti et al. (2007), drawing a distinction between two kinds of
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productivity (creation and production) is crucial. The former increases produc-
tion via the extensive margin and, as a consequence, enlarges the size of �rms.
The latter has a negative impact on the number of varieties. A shock to the
size of the population increases the number of �rms, in what is known as the
�home market� e¤ect in the open-economy literature, i.e., a country exports
the goods for which it o¤ers a relatively large local demand. The presence of
�xed costs generates dependence between the number of �rms and household
patience. When households are more patient, they save more. As a result, the
economy houses a larger number of acting �rms. However, this cushions any
shock on the ability to create new varieties.
Moreover, nominal rigidities place the economy in a suboptimal point in

terms of welfare. In comparison with the �exible-price scenario, prices rise
to higher levels and the number of �rms falls. As such a result might justify
intervention, I explore here the role of a central bank. The monetary authority
is able to correct these imperfections by implementing a monetary policy that
is tied to the level of productivity in production. However, if the central bank
fails to choose the most appropriate monetary policy, this can destabilize the
economy. The consequences of this are discussed. Finally, although the paper
does not speci�cally analyze the role of �scal policy as a tool for addressing
market imperfections, a brief discussion is included in the section examining
price stickiness.

This paper is organized as follows: Section 2 presents a brief overview of the
literature, while the sections that follow examine the possibilities of building
analytical tools in a closed- economic setting. Section 3 establishes the general
set-up for the basic model; Section 4 develops a �exible-price version; Section
5 incorporates the rigidities in the prices chosen by the �rms and examines the
impact of monetary policy and the problems generated by insu¢ cient stabiliza-
tion. Finally, Section 6 concludes. An appendix containing the algebraic details
is available upon request from the author.

2 Literature Review

Although there were a number of obvious forerunners, most notably Svensson
and van Wijnbergen (1989), it was Obstfeld and Rogo¤�s (1995) �Redux model�
that triggered a �ood of research on a new class of open economy macroeconomic
models. This surge in the literature was characterised by a number of key distin-
guishing features: optimization-based dynamic general-equilibrium modelling;
stochastic shocks; imperfect competition; nominal rigidities and the evaluation
of monetary policies based explicitly on household welfare. This incorporation of
microeconomic optimization has permitted a rigorous welfare analysis of policies
and regimes, while the approach invites a rich analysis of alternative product,
labour, and asset-market structures, bringing research that much closer to the
complexities of reality.
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Imperfect competition is a key ingredient in these new models.1 Monopoly
power brings the equilibrium of production below that of the social optimum,
which is a distortion that can potentially be corrected by active monetary or �s-
cal policy intervention. Both nominal rigidities and market imperfections alter
the transmission mechanism of shocks to real variables. By addressing issues
of concern to policymakers, this new strand of research seeks to provide an
analytical framework that is relevant for policy analysis. In fact, more recent
contributions have sought to understand more fully the positive macroeconomic
e¤ects of uncertainty, as well as the normative implications for alternative inter-
national monetary regimes. As Obstfeld and Rogo¤ (1998) showed, important
e¤ects of uncertainty can compound or o¤set the more obvious welfare e¤ects
of variability, including e¤ects on economic activity levels.
For many decades now international trade has been growing faster than

GDP. For example, over the last thirty years, the share of imports in US GDP
has more than doubled: rising from 4.8 percent in 1972 to 11.5 percent in 2002,
while worldwide trade, measured as the value of trade as a fraction of the value
of GDP, increased from 7.9 percent in 1950 to 15.4 percent in 1990, a 94.9
percent increase (See Bergoeing and Kehoe (2001)). Most theorists claim that
this explosion in trade has its origin in three interrelated sources: the reduction
in trade costs, the relaxation of capital controls, and the relative growth of many
East Asian and other economies outside of the United States.
New trade theory provides insights for these stylized facts that are not so

readily explicable when adopting the traditional trade approach. Helpman and
Krugman (1987), for example, point out the need to introduce economies of
scale and imperfect competition in conventional trade models, like the Ricardian
model and the Heckscher-Ohlin model, to explain these facts. However, this vast
body of �new-trade theory� literature often disregards the fact that US trade
jumped from a range of 74,667 imported varieties in 1972 to 259,215 in 2001.
Hence, the introduction of the endogenous entry and exit of �rms may be a
crucial feature in capturing the real world evolution.
In the theoretical literature, while virtually all studies predict large economies

will export more in absolute terms than small economies, there is no agreement
on how this is brought about. Models that assume Armington (1969) national
di¤erentiation emphasize the �intensive�margin, i.e., a country with double the
resources will trade twice as much but will not trade a greater number of goods.
Monopolistic competition models in the vein of Krugman (1980, 1981) stress
the �extensive�margin for exports (i.e., economies twice the size will produce
and export twice as many goods). Hummels and Klenow (2002), for instance,
analyzed the exports in 1995 from 110 countries to 59 importers and decom-
posed the greater trade of larger economies into contributions from intensive
and extensive margins. Their main �nding was that the extensive margin ac-

1Median elasticity of substitution has decreased over time. Thus, trade goods have be-
come increasingly more di¤erentiated. See Broda and Weinstein (2003). Furthermore, when
focusing on the increase in trade among industrialized countries, Markusen (1986) stressed
the unequal income elasticity of demands resulting from non-homothetic preferences: demand
for di¤erentiated products is superior to that for homogeneous products.
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counts for two-thirds of the greater exports of larger economies, and one-third of
the greater imports of larger economies. Similar results are obtained by Funke
and Ruhwedel (2001). However, Hummels and Klenow (2005) greatly extend
the results of previous studies regarding the relationship between the size of an
economy, international trade, and product variety, i.e., they shed considerable
light on the empirical aspects of the home market e¤ect.2

Luini and Mangani (2004) and Mangani (2007) report empirical analysis
using cross-sectional data of an extensive increase in trade. To do so, they
use an innovative source of data to estimate the variety of goods and services:
namely, registered trademarks (the Community and the International trade-
marks protected by the World Intellectual Property Organization). While the
use of trademarks potentially reduces the scope of the questions that can be
addressed, it enables them to carry out a broad analysis of product variety. The
main result to be derived from their research is that, by drawing on the afore-
mentioned data, they are able to verify the �ndings of Hummels and Klenow
(2005) that larger economies (in terms of GDP) not only produce and export
more in absolute terms, but also produce and trade more goods. This implies
that the strong relationship between larger economies and product variety is
important as regards consumer welfare. However, the authors warn the reader
to be cautious in interpreting their �ndings given the special characteristics of
their data.
From a theoretical perspective, however, the traditional literature has always

assumed that the number of �rms is given or �xed. This has prevented experts
from accurately determining the implications of di¤erent shocks on the range
of varieties available in di¤erent countries and, consequently, on national and
international welfare. Broda and Weinstein�s (2003) empirical analysis o¤ers
an extensive discussion of the dramatic consequences this traditional set-up has
for research �ndings. Notice that the import price index for models of this
kind (without endogenous variety) is one that does not take into account any
changes in the number of goods. Broda and Weinstein (2003), assuming that
Krugman�s (1980) model �ts US data, show the mismeasurement caused by the
use of an incorrect price index. They conclude that US welfare increased by
2.83 percent solely as a result of the expansion in varieties (from 1990-2001).
These gains from variety are three to six times larger than the estimated gains
from eliminating protectionism (e.g., Feenstra et al. (1992) and Romer (1994))
and around ten times larger than the estimated gains from eliminating business
cycles (Alvarez and Jermann (2004)).
A number of �new open-economists� (including Ghironi and Melitz (2005)

and Corsetti, Martin and Pesenti (2007)) have recently begun to take this es-
sential characteristic into account. In this way, they are able to consider the
relationship between the macroeconomic e¤ects of the productivity di¤erential
and the substitutability or complementarity of goods, i.e., showing that elas-

2 In fact, they found that countries with more workers export greater quantities to each
market-category, but at prices that are no lower. This is consistent with a model in which
larger countries avoid terms of trade deterioration by enlarging the set and/or increasing the
quality of the goods they produce.
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ticities matter when determining levels of production and allocations. Ghironi
and Melitz�s (2005) research is, as such, most closely in line with the analysis
reported here of an open-economy scenario. Their approach di¤ers from that
adopted by Corsetti et al. (2007) in three main ways: a) they endogenize the
tradability of goods instead of the creation of new varieties; b) they allow for
heterogeneity of �rms and, thus, are able to observe idiosyncratic shocks; and
c) they incorporate dynamics on the understanding that �rms must pay a sunk
entry cost to start production.
This paper undertakes a closed-economy analysis with homogeneous �rms.

The model adopted incorporates dynamics a là Ghironi and Melitz (2005) and
observes shocks to labour and innovation productivities. The objective is to
understand the consequences of market structure dynamics within a country�s
borders.

3 The Model

I model an autarchy where external trade in goods or assets is not possible. The
economy consists of Lt in�nitely-lived households, an endogenously determined
number of varieties, and a government. The only source of investment is that
involved in the start-up cost for each new variety produced by a monopolistic
�rm.

3.1 Households

The economy is populated by Lt in�nitely-lived households whose utility func-
tion is

Et
X

�U = E
1X
t=0

�t

24C1� 1
 

t

1� 1
 

� k`t

35 ; (1)

where C is the index of consumption de�ned below, ` is the labour supply which
generates a constant disutility measured by k,  is the intertemporal elasticity
of substitution and � is the subjective discount factor.
Households can be employed either in the creation and design of new va-

rieties that will be supplied in the next period or in the production tasks of
currently active �rms. However, they are homogeneous and receive the same
wage regardless of their occupation in the economy.

The index of consumption takes the usual form

Ct =

�
ntR
h=0

ct(h)
1� 1

� dh

� �
��1

; (2)

where � is the elasticity of substitution between varieties, nt is the number
of varieties available for consumption in period t and ct (h) is the individual
demand of variety h. Household preferences are assumed to be expressed for a
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very large set of goods, so that their utility is well de�ned (and increasing) for
any new good introduced in the market, and for a given level of technology and
labour endowment.

Consumers are restricted by their budget identity,

stIt +Bt = st�1

ntZ
h=0

�t(h)dh+ (1 + it)Bt�1 +wt`t �
ntZ

h=0

pt(h)ct(h)dh� Tt; (3)

where s are savings expressed as a proportion of total investment, B are riskless
bonds and �(h) are the pro�ts generated by �rm h. There are n monopolistic
�rms producing di¤erentiated varieties, i is the nominal interest rate paid by
the bonds, w represents the wage, p(h) is the price for variety h, and T is a
lump-sum tax paid each period. Finally, It denotes total investment, which is
equal to

It =

24 nt+1Z
h=0

qt(h)dh

35 = qtnt+1; (4)

where q(h) is the cost incurred by a �rm in order to create a new variety today
that can be brought to the market tomorrow. So that, st = 1

Lt
due to the

homogeneity among households.
By deciding how much to invest, households indirectly a¤ect the amount of

labour devoted to the creation of new equipment for the production of new or
improved varieties in the next period. This amount of labour e¤ort is, hence,
prevented from participating in the production of today�s consumption goods.

3.2 Firms

A continuum of nt monopolistic �rms acts in the economy at t. Investment
appears in the form of an exogenous start-up cost, qt, that entrepreneurs need
to incur, at time t, in order to develop their new variety. These varieties are
produced and sold in the market at t + 1. This cost comprises the wages paid
to the labour force allocated to the innovation tasks that have productivity
�t. So that qt = 1

vt
. It is arguably more natural to assume that the design of

a new variety requires some �nal goods that would otherwise have been used
as consumption. Indeed, the use of part of the available homogeneous labour
supply for creation, rather than for the production of consumption goods, is
equivalent to this.
Investment is fully depreciated at the end of the productive period. As such,

these two-period �rms could be said to adhere to the �reinvent yourself or die�
rule. Any �rm wishing to survive in the market must necessarily incur constant
costs of innovation. Successful �rms, therefore, produce a renewed variety of
their good and, in this model, they are considered �new �rms/varieties� in
the following period. Unsuccessful �rms, by contrast, disappear and new �rms
enter the market during each period. The model does not, however, di¤erentiate
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between old-renewed and brand-new �rms. Simply it provides us with the total
number of varieties supplied in the market during each period, which is the
measure that in essence a¤ects welfare.
Once set up, the �rms produce a di¤erentiated variety with a homogeneous

and linear technology that requires only labour

yt(h) = �t`t(h); (5)

where y(h) is the production of variety h, � is the productivity parameter,
which is completely exogenous and `(h) is the amount of labour required for
productive activities of variety h.

4 Equilibrium

4.1 The Flexible Price Regime

Let us �rst focus on an environment without nominal frictions. In this case, all
contracts and prices are written in nominal terms and are completely �exible.
Hence, we can solve for the real variables only and resort to a cashless economy.

4.1.1 The Household�s Problem

The representative household makes decisions regarding consumption, labour
supply and savings. To do so, it maximizes (1) subject to (3), which produces
the following �rst-order conditions:

ct(h) : c (h) =

�
pt(h)

Pt

���
Ct; (6)

Ct : �t =
1

PtC
1
 

t

; (7)

`t : w = kPtC
1
 

t ;

st : �tqtnt+1 = �Et [�t+1�t+1nt+1] ; (8)

Bt : �t = � (1 + it)Et�t+1; (9)

where P is the welfare-based price index and � is the Lagrangian operator.
Observe that the �rst-order condition for st implies free entry in the goods

market. This condition provides us with a result for nt+1: It also informs us that
new �rms will be set up until the expected discounted pro�ts of the marginal
�rm (i.e., the present value of the �rm) are equal to the costs of creating it. By
using the de�nition

�t = PtC
1
 

t ; (10)

the free entry condition can be rewritten as follows:

qt = Et�
�t
�t+1

�t+1; (11)
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where � must be interpreted as the monetary policy.

As for portfolio choice, there is no borrowing or lending in the equilibrium, so
that Bt = 0 8t . Moreover, each homogeneous household has an equal share of
equities, st = 1

Lt
. However, notice that in the case in which we allow for popula-

tion growth, it has to be controlled for. The equal-share result can be retained
by introducing a redistributive scheme with lump-sum taxes and transfers so
that the government budget becomes

T +

Z 1

a=0

Ta =

nZ
G(h); (12)

where G (h) is public consumption of variety h and Ta is a positive transfer for
the generations already working and a negative transfer for the new generation
that owns no shares in the �rms. This transfer program is self-�nanced, so thatZ 1

a=0

Ta = 0 . The subscript a refers to the age of the individual.

In this context, the welfare-based price index is

Pt = n
1

1��
t pt; (13)

which is decreasing in the number of varieties. Finally, for the sake of simplicity
we assume that the government�s public demand is similar to the private demand
derived in (6) for each speci�c variety. Hence,

Gt (h) =

�
pt(h)

Pt

���
Gt; (14)

where Gt is total public expenditure.

4.1.2 The Firms�Problem

The productively homogeneous �rms operating in this economy produce di¤er-
entiated goods. They enjoy some monopolistic power and maximize their pro�ts
with respect to price and labour and subject to the technology constraint. Prof-
its are a function of nt+1 via the expression for the consumer price index (CPI).
That is,

�t+1 =
1

�

p1��t+1 (h)Lt+1�
 
t+1

n
 ��
1��
t+1

+
1

�
pt+1(h)Gt+1 (h) : (15)

The sign of the e¤ects of the number of acting �rms on pro�ts depends on
the level of substitutability or market power, determined by � and the intertem-
poral elasticity of substitution  . In general, pro�ts are not as high in markets
in which competition is stronger. In equation (15) this condition holds for
 ��
1�� > 0 . I assume ' � 1 < � . Indeed, the literature typically parameterises
1=2 > ' > 1 . The most appropriate choice for � is less obvious, although it is
typically set above 1 and values between 2 and 10 are common.
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Under perfect foresight, nt+1 is the solution to the free entry condition:

qt = �
�t
�t+1

24 1
�

p1��t+1 (h)Lt+1�
 
t+1

n
 ��
1��
t+1

+
1

�
pt+1(h)Gt+1 (h)

35 ; (16)

where pt is the optimal price obtained from the �rst-order conditions in the
maximization problem. This takes the usual form of a constant mark-up over
the marginal cost of production,

pt =
�

� � 1
k�t
�t

: (17)

The number of varieties supplied in the market is determined by the combina-
tion of the last two equations and the household�s �rst-order conditions. This
depends on the exogenous technology processes, the size of the population, �scal
policy and some parameters,

nt+1 =

264 k
�t
� � 1

��1
k

�
t+1

Gt+1 (h)

� 1�

h
�
��1

k
�
t+1

i1� 
Lt+1

375
��1
 ��

: (18)

The relationship between the number of active �rms and the cost of creation lies
in this equality. � >  is needed in order to ensure a decreasing e¤ect of entry
costs on the number of available varieties. This condition is required because
an increase in the number of �rms (which crucially would change expected
pro�ts) generates two e¤ects on the consumption demand. First, the CPI falls,
resulting in intertemporal substitution, represented by  , that consists in higher
consumption today. Second, since there are more goods to consume, households
split their income between them. This reallocation of private expenditure among
all goods generates an intratemporal substitution away from existing goods,
which is measured by �. Notice that, in line with this reasoning, the inequality
(� >  ) becomes a necessary condition for the steady state equilibrium to be
stable.
Due to the existence of in-advance investment, the subjective discount factor,

�, a¤ects the number of �rms positively. When people are more patient they
choose to save more and buy shares in the �rm. In this way, an economy is
supplied with a larger range of varieties. Obviously, the cost of creating new
�rms reduces the number of companies acting in the next period.
It is perhaps important at this juncture to stress the various implications

of a change in the number of �rms. First, consider that consumers have a love
of variety. This means they prefer to consume a larger range of di¤erent goods
rather than a large amount of just a few goods.3 So, in principle, they should

3There is a body of literature that deals with this consideration and which explicitly sep-
arates the love of variety from the elasticity of substitution. See, for example De Groot and
Nahuis (1998) and De Groot (2001).
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be better o¤with more �rms in the market. However, a greater number of �rms
means that more labour will be used in non-production activities. Each new
company incurs a prior �xed cost which requires labour. And as this new com-
pany will not supply a new good until the second period, the workers employed
to innovate during the �rst period are kept away from the production of goods
already available for consumption. This is a traditional trade-o¤. Households
must renounce present consumption in order to invest (with the �xed cost) in
innovation and enjoy consumption tomorrow.4

Hence, decisions regarding savings that are dedicated to innovation ulti-
mately determine the size of a �rm that I call Z.

Zt =
Lt`t � nt+1

vt

nt
(19)

=
LtCt(�t) +Gt(�t)

�tnt
;

where ntZt is the number of workers not employed in the creation of new �rms
at t; so that, it is the labour force available for the production of �nal goods
today. Equation (19) represents the size of a �rm producing at t: It indicates
that an increment in the overall number of currently active �rms, ceteris paribus,
reduces the number of workers in each one as the larger number of �rms must
share the same number of workers. An increase in expected pro�ts or a reduction
in the costs of creation makes innovation more attractive and nt+1 higher. .
Consequently, the labour force for the production of �nal goods is lost today
in order to reach the new level of n. This causes a reduction in Zt. Finally, if
people experience a larger disutility for their labour e¤ort and decide to increase
their leisure time, either production per variety must be reduced or people must
renounce future varieties. The second part of equation (19) shows that Z is
a function of the GDP. However, it is not possible to analyze variations in Z
because of the two simultaneous e¤ects an increase on �t generates. For a given
demand, an increase in labour productivity, ��t, would generate a reduction on
�rm�s size due to the fact that less labour is required to produce the same amount
of goods. Since n is given from previous period, the unique instantaneous e¤ect
of �t improvement is via the reduction of the price index, which results in an
increase in the demand that completely o¤sets the �rst impact of a movement
in �t.

4.2 Market Dynamics

If we di¤erentiate the equilibrium condition (16) in the steady state de�ned
above, take the assumption made in (14) and set public expenditure to zero

4A further consideration might be the existence of scale economies. In this case, the
opportunity cost of enjoying a new variety would be much more important in the case of scale
ine¢ ciencies. But this analysis lies beyond the scope of the present paper.
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(G = 0), then the result is the following equation in di¤erences:

� �  
� � 1

dnt+1
n

=
d�t
�
+ ( � 1) d�t+1 + dLt+1 + k

�
�

� � 1

� 
n

 
1�� dGt+1: (20)

Notice, �rst of all, that the sign of the e¤ects crucially depends on the relation
between � and  . Under the initial assumption,  � 1 < � , if there is an
increase in the e¢ ciency with which �rms are created, i.e., as vt rises, the number
of �rms also increases. By contrast, when �rms become more productive, i.e.,
each �rm is able to supply a larger amount of variety h with the same quantity
of inputs (��), this productivity improvement discourages the creation of new
�rms. The reason for this is that a lower marginal cost forces �rms to set prices
accordingly, which is translated into smaller pro�ts when the intertemporal
elasticity of substitution is below 1 (i.e.,  < 1 ).
Notice also the consequences of an overall productivity change, i.e., d� = dv .

Although these two shocks act in opposite directions, in the static model the
dominant e¤ect is unambiguously the positive impact of extra e¢ ciency on the
creation of new �rms. The only exception is  = 0 . In this case, one of the
shocks balances the other exactly. However, under the present framework, this
is not so clear. The relationship between the intertemporal elasticity of substitu-
tion  and the patience of the households � determines whether the total e¤ect
results in the entry or exit of �rms. Based on the assumption  < 1 and assum-
ing 0 < � � 1 , the dominant e¤ect is, as in the static case, the improvement in
v. In fact, this positive impact becomes stronger as � falls (8� < 1) . Hence, the
greater the patience shown by the consumers, the smaller is the positive impact
of a shock on the productivity of creation. The intuition behind this result is the
following: on the one hand, when people are patient, they tend to invest more
and so, in general, the economy produces a wider range of varieties than it does
when consumers are impatient (notice that the derivative of (16) with respect
to � is unambiguously positive). On the other hand, when consumers tend to
save more, the demand for each variety falls and, so, the expected pro�ts also
fall. This serves as a disincentive to new market entrants. However, if  < 1
does not hold, the �nal result is uncertain.
Additionally, a larger market size, i.e., larger L, generates an increase in the

number of �rms.5 More public expenditure means more total demand, which
also leads to a greater range of varieties. Indeed, the �scal authority has some
scope for taking actions to restrict monopolistic power. Thus, it might o¤er a
per unit subsidy to ensure that �rms price at, and not above, their marginal
costs. This �scal expenditure can be recouped from lump-sum taxes so as to
avoid generating a new distortion. This, today, is a recurrent theme in both
modern industrial organization literature and advanced textbooks and so I do
not tackle it any further here.
Finally, notice that the monetary stance � is absent from the above equation,

since monetary policy cannot have any impact on real variables when prices are
completely �exible.

5Recall that I control for growth in L with redistributive transfers.
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To sum up, while most of the conclusions concerning the e¤ects of the en-
dogenous variables on the number of varieties may be quite obvious to the
reader, the crucial role of the explicit di¤erence drawn between the two types
of productivity should be borne in mind.

4.3 Consumer Price Index

As discussed above, household utility is derived from consumption; however,
the household is concerned about both the quantity and variety of its consumer
basket. Having analyzed the factors that can a¤ect the diversity of goods in the
market, let us turn to examine how household purchasing power is a¤ected by
prices. The di¤erentiation of equation (13), the welfare-based CPI, results in
the following expression:

dPt
P

=
1

1� �
dnt
n
+ d�t � d�t: (21)

If we once again assume � > 1 , the more �rms that act in the market, the
lower the price index P will fall. That is, as the number of �rms in the market
increases, competition becomes �ercer, pushing prices down. Likewise, P will
fall more rapidly, as the substitutability between varieties increases, i.e., as the
monopolistic power of the �rms is weakened. An improvement in productivity
also reduces the CPI, since production costs are lower. The implications of this
have been widely studied in open economy models as it means that countries
with better technology (i.e., more developed countries) experience deteriorating
terms of trade (de�ned as the ratio between import and export prices). Finally,
consideration needs to be given to the e¤ects of the monetary policy, which, as
expected, are positive.

4.4 Steady State Analysis

In order to de�ne a steady state, let � = 1 , � = � = 1 , L = 1 . Thus, w = k
and

k = �
1

�

"�
�

� � 1k
�1� 

1

n
 ��
1��

+

�
�

� � 1k
�
G (h)

#
: (22)

Moreover, if I set G = 0; then

n =

"
�
1

�k

�
�

� � 1k
�1� # ��1

�� 

: (23)

In the steady state, when �rms are able to charge a high mark-up, entry is
more attractive as they can expect higher pro�ts. Given that investment is
being made, in the form of the operating costs paid in advance, the subjective
discount factor a¤ects the number of varieties in equilibrium. The impact will
be either positive or negative depending, again, on the relationship between �
and  . If  > � (i.e., goods are complements in the Edgeworth-Pareto sense),
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an increase in household patience leads to a reduction in the number of �rms
in equilibrium. However, if  < � (i.e., goods are substitutes), as assumed
here, the greater the degree of household patience, the more likely people are
to choose to save by investing in a �rm�s shares. This results in an increase in
the number of varieties in equilibrium. By contrast, as the disutility of labour
e¤ort increases (�k), consumers attach relatively more value to leisure than to
consumption. Hence, the number of varieties is reduced as the labour supply
decreases.
From equations (9) and (8) and the assumptions made for the steady state

equilibrium, we �nd that

� =
1

1 + i
: (24)

For the rest of the endogenous variables we �nd:

p =
�

� � 1k; (25)

P =

�
�k

�

� 1
�� 

�
�k

� � 1

� ��1
�� 

: (26)

In the steady state, individual prices depend positively on the monopolistic
power of �rms and their marginal costs, measured by k = w . The price index
value is subject to the size of the mark-up and the level of patience of the house-
holds. The impact on the CPI of variations in these concepts di¤ers depending
on whether the goods are substitutes or complements. If they are substitutes,
a high level of patience reduces the price index. In this case, people work to
generate more di¤erentiated varieties, which is to the detriment of P .
Consumption in equilibrium is

c =
1

�
(� � 1) ; (27)

C = �
 

�� (� � 1)
 (��1)
�� (�k)

� �
�� : (28)

Consumption per variety is a¤ected only by patience and the elasticity of sub-
stitution. From (23) it is known that the elasticity of substitution has a negative
relationship with the number of �rms in equilibrium (when goods are substi-
tutes). As varieties become more substitutable, people are more reluctant to
work towards creating new �rms so as to simply achieve more of the same after
paying the �xed cost. Hence, they decide to invest less and consume a larger
amount of each (already) available variety. For this reason, � has a positive
e¤ect on c. The e¤ects of the parameters on C present exactly the opposite sign
to those for CPI.
Finally,

Y = C; (29)

� =
k

�
per �rm. (30)
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The �rst identity is a straightforward result of a closed economy without govern-
ment consumption. Notice the extremely simpli�ed form found for pro�ts. As
households su¤er more from their labour e¤ort, they will renounce the creation
of more �rms and so pro�ts per �rm will increase. By contrast, if the patience
levels of consumers are high, present consumption will present a lower value,
savings will be higher and the economy will be able to support more produc-
ers in equilibrium. However, such an outcome reduces pro�tability per �rm.
Finally, the last steady state equation is indicative of the level of labour supply.

` = C + n =

�
�

� � 1k
�� 

n
 
��1 + n; (31)

= �
 

�� (� � 1)
 (��1)
�� (�k)

� �
�� +

�
�

�k

� ��1
�� 

�
�

� � 1k
�(1� ) ��1�� 

:(32)

As the population becomes more patient, the labour supply obviously under-
goes an increment owing to the increase in n. Furthermore, an increase in the
disutility of work reduces the labour supply. For values of � larger than one,
but which do not rise very high, labour supply decreases with substitutability.
This is probably because of the decrease in the number of �rms (fewer start-
ups). However, if � becomes very large, the labour supply of each individual is
reduced. The reason for this is that, at this point, the positive e¤ect of � on c
per variety - which increases total demand and hence, production - dominates
the negative e¤ect of the reduction in the number of �rms.

4.5 Analysis of the Macro-Dynamics

Let us log-linearize all the relevant equations: �rst-order conditions, budget
constraints and any equilibrium conditions for studying the model�s dynamics.
There are fourteen unknowns, i.e. endogenous variables: P , p, n, C, c, s, B,
G(h), `, i, w, Y , I and �, and fourteen linearized equations.6 This system can
be reduce to the following rearranged expression for the free entry condition:�

1

 
� 1

�

�
nk

$
n̂t+2 = �v̂t � �P̂t+1 + �L̂t+1 � �n̂t+1 � (33)

�
�
1

�
� 1

 

�
k

$

�
�n
�
L̂t � �̂t+1 + nv̂t+1

�
;

where $ > 0, � > 0; � > 0 for 0 < � and � < 0.7

Equation (33) is a �rst-order di¤erence equation that depends on the en-
dogenous variables n and P , the exogenous variables v, � and L and on the
constant parameters contained also in $, �, � and �.
Notice that, when the CPI deviates above its steady state value, it has a

positive impact on the future number of �rms. This is because higher prices are

6See the appendix for details.
7See the appendix for details of these parameter aggregates.

15



transformed in higher pro�ts. Hence, �rms will take advantage of this deviation
and enter the market. Moreover, consumption becomes relatively expensive
with respect to investment. People expect that P will return to its steady
state value in the long term, so they prefer to wait for consumption. If nt+1
deviates from n (above), at t+ 2 the economy tends to correct that deviation by
reducing the number of �rms. The e¤ects of v and L are also worth observing.
Both exogenous variables appear in two lagged periods (t and t+ 1 ) and their
e¤ects work in opposite directions. An improvement in vt increases nt+1, but
by a smaller proportion.8 Hence, at t+ 1 there is already a high range of
varieties available, i.e. in deviations, n is at a higher level than that of the
steady state value. Here again, the negative e¤ect on n̂t+2 is the correction of
this "excessive" value. L̂t is derived from the substitution of Ĉt+1 in the budget
constraint: Therefore, the impact is generated by the deviations of C. If the
population was low during the last period, then people can expect to receive a
larger proportion of the total pro�ts generated by existing �rms today. Hence,
households can consume more. This higher demand acts as an incentive to
businessmen and the number of �rms created at t+ 1 rises. So, the deviation
in t+ 1 is corrected in t+ 2 .
To analyze the dynamic behaviour of the main variables, it is useful to

organize the system so as to obtain a �rst-order di¤erence equation. Notice
that the unique endogenous variable with two-periods lag is the exogenous v̂t.9

kn

$
n̂t+2 ' #nn̂t+1 + L̂t+1 �

kn

�$
L̂t +

kn

$
v̂t+1 +


�

� � 1 v̂t + #��̂t+1:
10 (34)

For the accepted standard values of �,  , � and k in the macro literature,11 the
intertemporal e¤ects on n are the following: #n > 0 , i.e., positive deviations
of n in t, increase the number of �rms in the next period. The number of
varieties in the market helps reduce the CPI, hence it is cheaper to consume and
households agree to save more to create new �rms. Variations in the size of the
population have a longer term impact. First, since  > 0 , a larger population
today provides more than one-to-one incentives for the creation of �rms in the
next period, since there is more labour available and expected pro�ts are higher
because of the extra demand. By contrast, L̂t has a negative e¤ect that is
lower than one on n̂t+2, which helps correct the excess creation of �rms. 
 < 0
and $ > 0 , so, as explained above, we �nd that once again the change in this

8Bear in mind that nt+1 is decided at t, which is why the relevant productivity of creation
is vt

9A further (numerical) analysis would require a study of the roots, considering L and � as
parameters of the characteristic polynomial, which would therefore depend on time. Here I
adhere to a simple reasoning of the coe¢ cients of the variables.
11The standard macroeconomic literature usually sets  , the risk aversion parameter, around

or below 0.5, so that 1
 
' 2 (see for instance, Greenwood, Hercovitz and Hu¤man (1988),

Mendoza (1991) and Blankenau, Kose and Yi (2001)). The disutility of labor, k, in a linear
technology is around 0:75. It is set in such a way that labour force participation matches the
value of 66% reported by the BLS and the ILO (see, for example, Poschke (2009). � is close
to 1 and � > 1 (see Kollmann (2006)). The signs of the coe¢ cients in the equation are stable
for a large range of values above and below the standard values.
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variable has opposite intertemporal e¤ects. Finally #� > 0 for � is extremely
close to one and negative otherwise. A positive deviation in the productivity
of production today will result in more varieties tomorrow, if the population is
patient. If not, then households will tend to consume more, since they expect
to bene�t, both in the current and in the following periods, from levels of �
over its steady state, so they over-consume and the number of varieties at t+ 1
decreases.

5 Nominal Rigidities in Prices

The recent literature on macroeconomics and trade has often been concerned
with nominal rigidities, seeing them as a possible, albeit partial, explanation for
some of the more abstruse questions currently being addressed by the experts
(the so called economic puzzles). In this section, I develop a version of the basic
model which introduces rigidities in the prices of the varieties.
Corsetti and Pesenti (2007) and Obstfeld and Rogo¤ (2000) argue that sticky

wages and �exible prices are a close re�ection of reality. Yet despite this claim, if
prices are set as a constant mark-up over marginal costs, then for certain appli-
cations it would not matter whether or not prices and wages were sticky.12 The
introduction of nominal rigidities means monetary policies can be analysed and
the monetary authorities have the capacity to handle the distortions generated
by such goods market frictions.
Although it lies beyond the scope of this paper, we cannot disregard com-

pletely the role of �scal policies in the correction of the market imperfections
that arise in this model: namely, those of monopolistic power and price sticki-
ness. Indeed, modern advanced textbooks on Industrial Organization and the
creative-destruction models of Aghion and Howitt discuss these issues at length.
A benevolent planner may give a per unit subsidy to �rms to ensure they price
at, and not above, their marginal cost. To address the optimality of the exten-
sive margin (i.e., the number of varieties supplied to the market) from society�s
point of view, the government may apply a subsidy or a tax on the �xed costs.
In fact, markets with monopolistic competition may su¤er from either too many
or too few varieties. An increase in competition does not always result in a rise
in welfare because it generates two opposite externalities. On the one hand,
each new �rm obtains its pro�ts by depriving their competitors of some of their
previous pro�ts, i.e., a business-stealing e¤ect. On the other hand, it raises
consumer surplus. When �rms have no �xed costs, the latter are always higher.
However, when set-up costs are required, there is no guarantee that more �rms
will automatically generate more welfare (see Mankiw and Whinston (1986) for
a detailed discussion).
What then is the role of the monetary authority in the context of our closed

economy? Firms can no longer �exibly alter their prices in the face of a shock.

12Erceg, Henderson, and Levin (2000), however, provide an example of when it would matter
- in a closed economy with both staggered price- and staggered wage-setting, the monetary
authority can no longer replicate the �exible price equilibrium.
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Rather, at the beginning of each period, they must sign contracts setting nomi-
nal prices for that period based on their expectations.13 Prices crucially depend
on expected �. An expected monetary expansion raises the price level and
nominal spending.
The government controls the path of short-term rates i, providing a nominal

anchor for market expectations. A forward-looking monetary measure, � is
provided by equation (9) and the de�nition in (10). So that,

1

�t
= � (1 + it)Et

1

�t+1
;

where
�t+1
�t

represents the (gross) in�ation target in a non-stochastic steady
state.

5.1 Firms�Problem

Firms maximize their expected pro�ts with respect to labour, `, and the price,
p. So that,

Max
`; p

Et

�
Q

�
pt+1 (Lt+1ct+1(h) +Gt+1(h))�

wt+1
�t+1

(Lt+1ct+1(h) +Gt+1(h))

��
;

where Q is the discount factor. Thus, the �rst-order conditions yield the follow-
ing expression for the optimal price of the di¤erentiated variety:

pt+1 =
�

� � 1
Et

�
�k
�t+1

� t+1

�
Et

�
�� �1t+1

� : (35)

Considering the optimal choice of prices and assuming that public expenditure
is zero, the free entry condition (FEC) becomes

k

vt
= �Et

�
pt+1
�t+1

� k

�t+1

�
Lt+1ct+1(h): (36)

13Today, a number nt+1 of �rms (matching condition 11) has been created. These �rms
will start producing tomorrow only if the price they have �xed in the previous period is at
least as high as their marginal cost, i.e.,

pt �MCt =
�

� � 1
kPtC

1
 
t

�t
� wt

�t
� 0

= >
�k

� � 1
PtC

1
 
t � wt:

In what follows, we need not concern ourselves with this condition as it is never violated under
this current framework.
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Equation (36) provides us with the number of varieties exchanged in the con-
sumer goods market at time t+ 1 when prices are rigid, nr;t+1. This is

n
�� 
��1
r;t+1 =

vt
k
�Lt+1

�
�

� � 1

�� 
k1� � (37)

�Et
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Hence, households consume

cr;t (h) = n
�� 
1��
t
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�
��1

�kEt�1

�
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�t

�
�Et�1(� �1t )
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(38)

of each variety when prices are rigid. In this scenario, the real variables nt and ct
are tied to the expected behaviour of the monetary authorities and the expected
shocks to productivity of processes of production. Thus, the credibility of the
government becomes a relevant factor.

5.2 The monetary policy

Economic policies may seek to stabilize economic cycles and so correct market
imperfections. This paper restricts itself to comparative statics, so that this
section examines the capability of monetary policy to solve the imperfection
generated by nominal stickiness. Here a government can aim to close the out-
put gap and replicate the �exible-price situation. The �exible-price scenario
is better in terms of welfare given that it has only to su¤er the monopolistic
power imperfection. The monetary authority should commit itself to a mon-
etary policy �, whereby the number of �rms in the case of rigidities, nr;t+1,
equals the number of �rms in the �exible-price situation, nf;t+1. Once again,
the authorities may have to deal with an important trade-o¤: it may not be true
that by simply closing the output gap the economy will simultaneously attain
the consumption of the �exible set-up. In other words, although the output gap
might be narrowed, the consumption gap could well remain.
To achieve the same number of �rms as in the �exible-price scenario, the

monetary authority would need to set a monetary policy � = �, taking the
CPI as given. This policy rule involves committing itself to providing a nominal
anchor for the economy and deviating from such a stance only when productivity
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shocks shake the economy and destabilize marginal costs. By so doing, the policy
eliminates uncertainty in marginal costs and in pro�ts.
Let us verify the implications of this monetary policy on output. After

plugging the optimal policy in (37), nr;t+1 becomes exactly equal to nf;t+1:

n
�� 
��1
r;t+1 =

vt
k
�Lt+1

�
�

� � 1

�� �
1

� � 1

�
k1� Et

h
� �1t+1

i
= (39)
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�t
k
�k1� Lt+1

1

� � 1

�
�

� � 1

�� �
1

�
t+1

�1� #
= n

��1
�� 
f;t+1:

Notice that the authority is able to �x both the output and consumption levels
of the �exible-prices regime by using the de�ned policy. Consumption, (38),

becomes cr;t (h) = n
�� 
1��
t

�
k�
��1

�� 
� t , which is the same as it was in the �exible

version. Moreover, in the steady state,

nr =
�
� (k�)

� 
(� � 1) �1

� ��1
�� :

5.2.1 The Costs of Insu¢ cient Stabilization

Although benevolent, the monetary authority may fail to choose the correct
policy. What, therefore, would be the consequences of adopting a sub-optimal
monetary policy? Logically, we can predict that welfare would be damaged
by such macroeconomic uncertainty, since insu¢ cient stabilization results in
suboptimal prices and a suboptimal number of varieties.
Let us assume that the authority incorrectly sets a monetary policy � = ��

where 0 � � � 1 (� = 1 would be the suitable policy for a �exible-price repli-
cation). For any value of � di¤erent from one, the policy response to shocks will
be ine¢ cient in relation to the government�s target. Thus, now

pt+1 =
�k

� � 1
Et

�
�� �1t+1

�
Et

�
�
�( �1)
t+1

� :
Applying Jensen�s inequality, it is known that Et

�
�� �1t+1

�
� Et (�t+1)

� �1

and
Et

�
�
�( �1)
t+1

�
� Et (�t+1)

�( �1) . Without any loss of generality, I choose

� = 0 and verify the e¤ect of insu¢ cient stabilization. The consequence is
undoubtedly higher prices:

p =
�k

� � 1Et
�
1

�

�
>

�k

� � 1 : (40)

Uncertainty about marginal costs tends to reduce expected discounted pro�ts.
This is because people are risk averse and prefer a certain amount of income x
rather than an expected average income of x. In order to make discounted pro�ts
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less sensitive to shocks, �rms raise their preset prices. In this way, the economy
su¤ers higher price levels14 and, consequently, lower levels of consumption.
Moreover, if the government tends to adopt monetary policies that do not

completely o¤set the productivity shock, investors, who are risk averse, will tend
to feel uncertain about their future pro�ts and so create fewer �rms:
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�
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35 ;
where � = vt

k �Lt+1

�
�
��1

�� 
k1� . To sum up, when monetary authorities

fail to use the replication policy,15 the economy is characterised by prices that
are too high and a number of varieties that is too low. Moreover, the surplus
of consumers is seriously damaged in both it dimensions: �rst, the level of
consumption is a¤ected by reduced purchasing power, and, second, there is
very little variety of di¤erentiated goods, i.e., people are unable to satisfy their
love of variety.
As discussed above, as regards its �scal policy, the government could inter-

vene to remove the imperfections of monopoly power. For instance, it could use
a subsidy to reduce the marginal costs of production.

6 Conclusions

This paper has presented a dynamic general-equilibrium model of a closed econ-
omy and has analysed full price �exibility and the simplest case of nominal price
rigidities. The paper shows the relevance of intertemporal decisions and uncer-
tainty in determining the level of economic activity. Thus, on the one hand, a
change in the degree of patience manifest by the consumer moves the economy
to a steady state, so that the greater the consumer�s patience, the greater the
product diversity enjoyed by that society. On the other hand, when a society
faces nominal rigidities, �rms tend to set higher prices to (partially) o¤set the
losses they can expect to su¤er in the case of a negative shock to productivity (of
production). At the same time, managers tend to create fewer �rms as pro�ts
are no longer certain.
The di¤erent types of productivity shock have e¤ects of opposite signs on

the extensive margin of production: an improvement to the technology of cre-
ation increases the number of varieties, while an increase in the productivity of

14This result coincides with the conclusion reached in related studies. See, for instance,
Corsetti and Pesenti (2005).
15 In other words, the monetary policy that matches the solution in a �exible-price frame-

work.
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operational �rms reduces the number of goods supplied. Finally, an increase in
market size has a positive impact on the number of varieties.
In the present paper, as in most of the literature, the elasticity of substitution

between goods and the love of variety are perfectly tied together (in the set-up
presented here, love of variety equals the �rms�mark-up). It may, however, be
of interest to relax this assumption and to consider their explicit separation. De
Groot and Nahuis (1998) claim that the disentanglement of the two elasticities
might have important implications for economic growth and welfare.
Finally, it is worth stressing the current dearth of empirical research. Es-

tablishing a separation between the two kinds of productivity empirically is by
no means a straightforward task, and while Debaere and Lee (2004) report an
initial attempt at identifying them separately, there remains much work to be
done.

Acknowledgement 1 The �nancial support from the Spanish Ministry of Sci-
ence and Innovation through grant ECO2009-09847 and the Barcelona Graduate
School Research Network is gratefully acknowledged. I thank Giancarlo Corsetti
and Salvador Ortigueira for invaluable comments and discussions.

References

[1] Armington, P. (1969). A Theory of Demand for Products Distinguished
by Place of Production. International Monetary Fund, Sta¤ Papers, 16(1),
pp. 159-178.

[2] Alvarez, F., Jermann, U.J. (2004) Using Asset Prices to Measure the
Cost of Business Cycles. Journal of Political Economy, 112(6), pp 1223-
1256.

[3] Bergoeing, R., Kehoe, T.J. (2001)Trade theory and trade facts. Sta¤
Report 284, Federal Reserve Bank of Minneapolis.

[4] Blankenau, W. , Kose, M.A. , Yi, K. (2001) Can world real interest
rates explain business cycles in a small open economy? Journal of Economic
Dynamics and Control, 25 pp. 867-889.

[5] Broda, C., Weinstein, D.E. (2003) Globalization and the gains from
variety. The Quarterly Journal of Economics, 121(2), pp. 541-85.

[6] Corsetti, G., Pesenti, P. (2009). The Simple Geometry of Transmission
and Stabilization in Closed and Open Economies. NBER Chapters, in:
NBER International Seminar on Macroeconomics 2007, pp. 65-116.

22



[7] Corsetti, G., Martin, P., Pesenti, P (2005) International Dimensions
of Optimal Monetary Policy Journal of Monetary Economics, 52(2), pp
281-305

[8] Corsetti, G., Martin, P., Pesenti, P. (2007) Productivity spillovers,
terms of trade and the �home market e¤ect. Journal of International Eco-
nomics 73(1): 99-127. Previously DP 4964, NBER WP 11165.

[9] Debaere, P., Lee, H. (2011). The Real-Side Determinants of Coun-
tries�Terms of Trade: A Panel Data Analysis. Revise-Resubmit at B.E.
Journal of Economic Analysis and Policy. Mimeo (2004), University of
Texas, Austin.

[10] Dixit, A.K., Stiglitz, J.E. (1977) Monopolistic competition and opti-
mum product diversity. American Economic Review, 67(3), pp. 297-308.

[11] Erceg, C.J., Henderson, D.W., Levin, A.T. (2000). Optimal mone-
tary policy with staggered wage and price contracts. Journal of Monetary
Economics, 46(2), pp 281-313.

[12] Feenstra, R.C., Markusen, J.R., Zeile, W. (1992). Accounting for
Growth with New Inputs: Theory and Evidence. American Economic Re-
view, Papers and Proceedings, 82(2), pp. 415-421.

[13] Funke, M., Ruhwedel, R. (2001). Export variety and export perfor-
mance: empirical evidence from East Asia. Journal of Asian Economics,
12(4), pp. 493-505.

[14] Ghironi, F., Melitz, M. (2005) International Trade and Macroeconomic
Dynamics with Heterogeneous Firms. The Quarterly Journal of Economics,
120(3), pp. 865-915.

[15] Greenwood, J., Hercowitz, Z., Hu¤man, G. W. (June 1988) Invest-
ment, capacity utilization, and the Real Business Cycle. American Eco-
nomic Review, 78(3), pp 402-17.

[16] Groot, H.LF. (2001) Macroeconomic Consequences of Outsourcing: An
Analysis of Growth, Welfare, and Product Variety, De Economist, 149(1),
pp.33-51.

[17] Groot, H.LF. de, Nahuis, R. (1998) Taste for diversity and the opti-
mality of economic growth. Economic Letters, 58 pp.291-295.

[18] Helpman, E., Krugman, P.R. (1987) Market Structure and Foreign
Trade: Increasing Returns, Imperfect Competition, and the International
Economy. MIT Press Books, The MIT Press, edition 1, vol. 1, num.
026258087x.

[19] Hummels, D., Klenow, P.J. (2005) The variety and quality of a nation�s
trade. American Economic Review, 95(3), pp. 704-23.

23



[20] Kollmann, R. (2006) International portfolio equilibrium and the current
account. CEPR DP No. 5512.

[21] Krugman, P.R. (1980). Scale Economies, Product Di¤erentiation, and
the Pattern of Trade. American Economic Review, 70(5), pp. 950-59.

[22] Krugman, P.R (1981) Intraindustry Specialization and the Gains from
Trade. Journal of Political Economy, 89(5), pp. 959-73.

[23] Krugman, P.R. (1991) Increasing returns and economic geography. Jour-
nal of Political Economy, 99, pp.483-499.

[24] Luini, L. , Mangani, A. (2004) Trademarks, Product Variety, and
Economic Activity in Italy and Europe. Università degli Studi di Siena
Quaderni Dipartimento di Economia Politica no. 422.

[25] Mangani, A. (2007). Measuring Variety and Quality of Products with
Trademarks. International Economic Journal, 21(4), pp. 613-31.

[26] Mankiw, G., Whinston, M. D. (1986) Free entry and social ine¢ ciency.
Rand Journal of Economics, 17, 48-58.

[27] Markusen, J.R. (1986). Explaining the Volume of Trade: An Eclectic
Approach. American Economic Review, 76(5), pp.1002-11.

[28] Mendoza, E.G. (1991) Real business cycles in a small open economy.
American Economic Review, 81, pp. 797�889.

[29] Obstfeld, M., Rogo¤, K. (1998) Risk and Exchange Rates. NBER
Working Papers 6694, National Bureau of Economic Research, Inc.

[30] Obstfeld, M., Rogo¤, K. (2000) New directions for stochastic open
economy models. Journal of International Economics, Vol. 50 Issue 1(2)
pp.117-153.

[31] Poschke, M. (2009) Employment protection, �rm selection, and growth.
Journal of Monetary Economics, 56(8), pp. 1074-85.

[32] Romer, P. (1994). New Goods, Old Theory, and the Welfare Costs of
Trade Restrictions. Journal of Development Economics, 43(1), pp. 5-38.

[33] Sarno, L. (2001) Towards a new paradigm in open economy modeling:
where do we stand? FRB of St Louis Review, 83(3).

24



 
SÈRIE DE DOCUMENTS DE TREBALL DE LA XREAP 

 

 
 
 
2006 
 
 
CREAP2006-01 
Matas, A. (GEAP); Raymond, J.Ll. (GEAP) 
"Economic development and changes in car ownership patterns"  
(Juny 2006) 
 
 
CREAP2006-02 
Trillas, F. (IEB); Montolio, D. (IEB); Duch, N. (IEB) 
"Productive efficiency and regulatory reform: The case of Vehicle Inspection Services"  
(Setembre 2006) 
 
 
CREAP2006-03 
Bel, G. (PPRE-IREA); Fageda, X. (PPRE-IREA) 
"Factors explaining local privatization: A meta-regression analysis"  
(Octubre 2006) 
 
 
CREAP2006-04 
Fernàndez-Villadangos, L. (PPRE-IREA) 
"Are two-part tariffs efficient when consumers plan ahead?: An empirical study"  
(Octubre 2006) 
 
 
CREAP2006-05 
Artís, M. (AQR-IREA); Ramos, R. (AQR-IREA); Suriñach, J. (AQR-IREA) 
"Job losses, outsourcing and relocation: Empirical evidence using microdata"  
(Octubre 2006) 
 
 
CREAP2006-06 
Alcañiz, M. (RISC-IREA); Costa, A.; Guillén, M. (RISC-IREA); Luna, C.; Rovira, C. 
"Calculation of the variance in surveys of the economic climate”  
(Novembre 2006) 
 
 
CREAP2006-07 
Albalate, D. (PPRE-IREA) 
"Lowering blood alcohol content levels to save lives: The European Experience”  
(Desembre 2006) 
 
 
CREAP2006-08 
Garrido, A. (IEB); Arqué, P. (IEB) 
“The choice of banking firm: Are the interest rate a significant criteria?”  
(Desembre 2006) 
 
 



 
SÈRIE DE DOCUMENTS DE TREBALL DE LA XREAP 

 

 
 
 
CREAP2006-09 
Segarra, A. (GRIT); Teruel-Carrizosa, M. (GRIT) 
"Productivity growth and competition in spanish manufacturing firms: 
What has happened in recent years?” 
(Desembre 2006) 
 
 
CREAP2006-10 
Andonova, V.; Díaz-Serrano, Luis. (CREB) 
"Political institutions and the development of telecommunications” 
(Desembre 2006) 
 
 
CREAP2006-11 
Raymond, J.L.(GEAP); Roig, J.L.. (GEAP) 
"Capital humano: un análisis comparativo Catalunya-España” 
(Desembre 2006) 
 
 
CREAP2006-12 
Rodríguez, M.(CREB); Stoyanova, A. (CREB) 
"Changes in the demand for private medical insurance following a shift in tax incentives” 
(Desembre 2006) 
 
 
CREAP2006-13 
Royuela, V. (AQR-IREA); Lambiri, D.; Biagi, B.  
"Economía urbana y calidad de vida. Una revisión del  estado del conocimiento en España” 
(Desembre 2006) 
 
 
CREAP2006-14 
Camarero, M.; Carrion-i-Silvestre, J.LL. (AQR-IREA).;Tamarit, C.  
"New evidence of the real interest rate parity for OECD countries using panel unit root tests with breaks” 
(Desembre 2006) 
 
 
CREAP2006-15 
Karanassou, M.; Sala, H. (GEAP).;Snower , D. J.  
"The macroeconomics of the labor market: Three fundamental views” 
(Desembre 2006) 
 
 
 
 
 
 
 
 
 



 
SÈRIE DE DOCUMENTS DE TREBALL DE LA XREAP 

 

 
2007 
 
 
XREAP2007-01 
Castany, L (AQR-IREA); López-Bazo, E. (AQR-IREA).;Moreno , R. (AQR-IREA)  
"Decomposing differences in total factor productivity across firm size” 
(Març 2007) 
 
 
XREAP2007-02 
Raymond, J. Ll. (GEAP); Roig, J. Ll. (GEAP) 
“Una propuesta de evaluación de las externalidades de capital humano en la empresa" 
(Abril 2007) 
 
 
XREAP2007-03 
Durán, J. M. (IEB); Esteller, A. (IEB) 
“An empirical analysis of wealth taxation: Equity vs. Tax compliance” 
 (Juny 2007) 
 
 
XREAP2007-04 
Matas, A. (GEAP); Raymond, J.Ll. (GEAP) 
“Cross-section data, disequilibrium situations and estimated coefficients: evidence from car ownership 
demand” 
 (Juny 2007) 
 
 
XREAP2007-05 
Jofre-Montseny, J. (IEB); Solé-Ollé, A. (IEB) 
“Tax differentials and agglomeration economies in intraregional firm location” 
 (Juny 2007) 
 
 
XREAP2007-06 
Álvarez-Albelo, C. (CREB); Hernández-Martín, R.  
“Explaining high economic growth in small tourism countries with a dynamic general equilibrium model” 
 (Juliol 2007) 
 
 
XREAP2007-07 
Duch, N. (IEB); Montolio, D. (IEB); Mediavilla, M. 
“Evaluating the impact of public subsidies on a firm’s performance: a quasi-experimental approach” 
 (Juliol 2007) 
 
 
XREAP2007-08 
Segarra-Blasco, A. (GRIT) 
“Innovation sources and productivity: a quantile regression analysis” 
 (Octubre 2007) 
 
 
 



 
SÈRIE DE DOCUMENTS DE TREBALL DE LA XREAP 

 

 
 
 
XREAP2007-09 
Albalate, D. (PPRE-IREA) 
“Shifting death to their Alternatives: The case of Toll Motorways” 
 (Octubre 2007) 
 
 
XREAP2007-10 
Segarra-Blasco, A. (GRIT); Garcia-Quevedo, J. (IEB); Teruel-Carrizosa, M. (GRIT) 
“Barriers to innovation and public policy in catalonia” 
 (Novembre 2007) 
 
 
XREAP2007-11 
Bel, G. (PPRE-IREA); Foote, J.  
“Comparison of recent toll road concession transactions in the United States and France” 
 (Novembre 2007) 
 
 
XREAP2007-12 
Segarra-Blasco, A. (GRIT);  
“Innovation, R&D spillovers and productivity: the role of knowledge-intensive services” 
 (Novembre 2007) 
 
 
XREAP2007-13 
Bermúdez Morata, Ll. (RFA-IREA); Guillén Estany, M. (RFA-IREA), Solé Auró, A. (RFA-IREA) 
“Impacto de la inmigración sobre la esperanza de vida en salud y en discapacidad de la población 
española” 
 (Novembre 2007) 
 
XREAP2007-14 
Calaeys, P. (AQR-IREA); Ramos, R. (AQR-IREA), Suriñach, J. (AQR-IREA) 
“Fiscal sustainability across government tiers” 
 (Desembre 2007) 
 
XREAP2007-15 
Sánchez Hugalbe, A. (IEB) 
“Influencia de la inmigración en la elección escolar” 
 (Desembre 2007) 



 
SÈRIE DE DOCUMENTS DE TREBALL DE LA XREAP 

 

 
2008 
 
 
XREAP2008-01 
Durán Weitkamp, C. (GRIT); Martín Bofarull, M. (GRIT) ; Pablo Martí, F. 
“Economic effects of road accessibility in the Pyrenees: User perspective” 
(Gener 2008) 
 
XREAP2008-02 
Díaz-Serrano, L.; Stoyanova, A. P. (CREB) 
“The Causal Relationship between Individual’s Choice Behavior and Self-Reported Satisfaction: the Case 
of Residential Mobility in the EU” 
(Març 2008) 
 
XREAP2008-03 
Matas, A. (GEAP); Raymond, J. L. (GEAP); Roig, J. L. (GEAP) 
“Car ownership and access to jobs in Spain” 
(Abril 2008) 
 
XREAP2008-04 
Bel, G. (PPRE-IREA) ; Fageda, X. (PPRE-IREA) 
“Privatization and competition in the delivery of local services: An empirical examination of the dual 
market hypothesis” 
(Abril 2008) 
 
XREAP2008-05 
Matas, A. (GEAP); Raymond, J. L. (GEAP); Roig, J. L. (GEAP)  
“Job accessibility and employment probability” 
(Maig 2008) 
 
XREAP2008-06 
Basher, S. A.; Carrión, J. Ll. (AQR-IREA) 
Deconstructing Shocks and Persistence in OECD Real Exchange Rates  
(Juny 2008) 
 
XREAP2008-07 
Sanromá, E. (IEB); Ramos, R. (AQR-IREA); Simón, H.  
Portabilidad del capital humano y asimilación de los inmigrantes. Evidencia para España 
(Juliol 2008) 
 
XREAP2008-08 
Basher, S. A.; Carrión, J. Ll. (AQR-IREA) 
Price level convergence, purchasing power parity and multiple structural breaks: An application to US 
cities 
(Juliol 2008) 
 
XREAP2008-09 
Bermúdez, Ll. (RFA-IREA) 
A priori ratemaking using bivariate poisson regression models 
(Juliol 2008) 
 



 
SÈRIE DE DOCUMENTS DE TREBALL DE LA XREAP 

 

 
XREAP2008-10 
Solé-Ollé, A. (IEB), Hortas Rico, M. (IEB) 
Does urban sprawl increase the costs of providing local public services? Evidence from Spanish 
municipalities 
(Novembre 2008) 
 
XREAP2008-11 
Teruel-Carrizosa, M. (GRIT), Segarra-Blasco, A. (GRIT) 
Immigration and Firm Growth: Evidence from Spanish cities 
(Novembre 2008) 
 
XREAP2008-12 
Duch-Brown, N. (IEB), García-Quevedo, J. (IEB), Montolio, D. (IEB) 
Assessing the assignation of public subsidies: Do the experts choose the most efficient R&D projects? 
(Novembre 2008) 
 
XREAP2008-13 
Bilotkach, V., Fageda, X. (PPRE-IREA), Flores-Fillol, R. 
Scheduled service versus personal transportation: the role of distance 
(Desembre 2008) 
 
XREAP2008-14 
Albalate, D. (PPRE-IREA), Gel, G. (PPRE-IREA) 
Tourism and urban transport: Holding demand pressure under supply constraints 
 (Desembre 2008) 
 



 
SÈRIE DE DOCUMENTS DE TREBALL DE LA XREAP 

 

 
2009 
 
 
XREAP2009-01 
Calonge, S. (CREB); Tejada, O. 
“A theoretical and practical study on linear reforms of dual taxes” 
(Febrer 2009) 
 
XREAP2009-02 
Albalate, D. (PPRE-IREA); Fernández-Villadangos, L. (PPRE-IREA) 
“Exploring Determinants of Urban Motorcycle Accident Severity: The Case of Barcelona” 
(Març 2009) 
 
XREAP2009-03 
Borrell, J. R. (PPRE-IREA); Fernández-Villadangos, L. (PPRE-IREA) 
“Assessing excess profits from different entry regulations” 
(Abril 2009) 
 
XREAP2009-04 
Sanromá, E. (IEB); Ramos, R. (AQR-IREA), Simon, H.  
“Los salarios de los inmigrantes en el mercado de trabajo español. ¿Importa el origen del capital 
humano?” 
(Abril 2009) 
 
XREAP2009-05 
Jiménez, J. L.; Perdiguero, J. (PPRE-IREA) 
“(No)competition in the Spanish retailing gasoline market: a variance filter approach” 
(Maig 2009) 
 
XREAP2009-06 
Álvarez-Albelo,C. D. (CREB), Manresa, A. (CREB), Pigem-Vigo, M. (CREB) 
“International trade as the sole engine of growth for an economy” 
(Juny 2009) 
 
XREAP2009-07 
Callejón, M. (PPRE-IREA), Ortún V, M. 
“The Black Box of Business Dynamics” 
(Setembre 2009) 
 
XREAP2009-08 
Lucena, A. (CREB) 
“The antecedents and innovation consequences of organizational search: empirical evidence for Spain” 
(Octubre 2009) 
 
XREAP2009-09 
Domènech Campmajó, L. (PPRE-IREA) 
“Competition between TV Platforms” 
(Octubre 2009) 



 
SÈRIE DE DOCUMENTS DE TREBALL DE LA XREAP 

 

 
XREAP2009-10 
Solé-Auró, A. (RFA-IREA),Guillén, M. (RFA-IREA), Crimmins, E. M. 
“Health care utilization among immigrants and native-born populations in 11 European countries. Results 
from the Survey of Health, Ageing and Retirement in Europe” 
(Octubre 2009) 
 
XREAP2009-11 
Segarra, A. (GRIT), Teruel, M. (GRIT) 
“Small firms, growth and financial constraints” 
(Octubre 2009) 
 
XREAP2009-12 
Matas, A. (GEAP), Raymond, J.Ll. (GEAP), Ruiz, A. (GEAP) 
“Traffic forecasts under uncertainty and capacity constraints” 
(Novembre 2009) 
 
XREAP2009-13 
Sole-Ollé, A. (IEB) 
“Inter-regional redistribution through infrastructure investment: tactical or programmatic?” 
(Novembre 2009) 
 
XREAP2009-14 
Del Barrio-Castro, T., García-Quevedo, J. (IEB) 
“The determinants of university patenting: Do incentives matter?” 
(Novembre 2009) 
 
XREAP2009-15 
Ramos, R. (AQR-IREA), Suriñach, J. (AQR-IREA), Artís, M.  (AQR-IREA) 
“Human capital spillovers, productivity and regional convergence in Spain” 
(Novembre 2009) 
 
XREAP2009-16 
Álvarez-Albelo, C.  D. (CREB), Hernández-Martín, R. 
“The commons and anti-commons problems in the tourism economy” 
(Desembre 2009) 



 
SÈRIE DE DOCUMENTS DE TREBALL DE LA XREAP 

 

 
2010 
 
 
XREAP2010-01 
García-López, M. A. (GEAP) 
“The Accessibility City. When Transport Infrastructure Matters in Urban Spatial Structure” 
(Febrer 2010) 
 
XREAP2010-02 
García-Quevedo, J. (IEB), Mas-Verdú, F. (IEB), Polo-Otero, J. (IEB) 
“Which firms want PhDs? The effect of the university-industry relationship on the PhD labour market” 
(Març 2010) 
 
XREAP2010-03 
Pitt, D., Guillén, M. (RFA-IREA) 
“An introduction to parametric and non-parametric models for bivariate positive insurance claim severity 
distributions” 
(Març 2010) 
 
XREAP2010-04 
Bermúdez, Ll. (RFA-IREA), Karlis, D. 
“Modelling dependence in a ratemaking procedure with multivariate Poisson regression models” 
(Abril 2010) 
 
XREAP2010-05 
Di Paolo, A. (IEB) 
“Parental education and family characteristics: educational opportunities across cohorts in Italy and 
Spain” 
(Maig 2010) 
 
XREAP2010-06 
Simón, H. (IEB), Ramos, R. (AQR-IREA), Sanromá, E. (IEB) 
“Movilidad ocupacional de los inmigrantes en una economía de bajas cualificaciones. El caso de España” 
(Juny 2010) 
 
XREAP2010-07 
Di Paolo, A. (GEAP & IEB), Raymond, J. Ll. (GEAP & IEB) 
“Language knowledge and earnings in Catalonia” 
(Juliol 2010) 
 
XREAP2010-08 
Bolancé, C. (RFA-IREA), Alemany, R. (RFA-IREA), Guillén, M. (RFA-IREA) 
“Prediction of the economic cost of individual long-term care in the Spanish population” 
(Setembre 2010) 
 
XREAP2010-09 
Di Paolo, A. (GEAP & IEB) 
“Knowledge of catalan, public/private sector choice and earnings: Evidence from a double sample 
selection model” 
(Setembre 2010) 



 
SÈRIE DE DOCUMENTS DE TREBALL DE LA XREAP 

 

 
XREAP2010-10 
Coad, A., Segarra, A. (GRIT), Teruel, M. (GRIT) 
“Like milk or wine: Does firm performance improve with age?” 
(Setembre 2010) 
 
XREAP2010-11 
Di Paolo, A. (GEAP & IEB), Raymond, J. Ll. (GEAP & IEB), Calero, J. (IEB) 
“Exploring educational mobility in Europe” 
(Octubre 2010) 
 
XREAP2010-12 
Borrell, A. (GiM-IREA), Fernández-Villadangos, L. (GiM-IREA) 
“Clustering or scattering: the underlying reason for regulating distance among retail outlets” 
(Desembre 2010) 
 
XREAP2010-13 
Di Paolo, A. (GEAP & IEB) 
“School composition effects in Spain” 
(Desembre 2010) 
 
XREAP2010-14 
Fageda, X. (GiM-IREA), Flores-Fillol, R. 
“Technology, Business Models and Network Structure in the Airline Industry” 
(Desembre 2010) 
 
XREAP2010-15 
Albalate, D. (GiM-IREA), Bel, G. (GiM-IREA), Fageda, X. (GiM-IREA) 
“Is it Redistribution or Centralization? On the Determinants of Government Investment in Infrastructure” 
(Desembre 2010) 
 
XREAP2010-16 
Oppedisano, V., Turati, G. 
“What are the causes of educational inequalities and of their evolution over time in Europe? Evidence 
from PISA” 
(Desembre 2010) 
 
XREAP2010-17 
Canova, L., Vaglio, A. 
“Why do educated mothers matter? A model of parental help” 
(Desembre 2010) 



 
SÈRIE DE DOCUMENTS DE TREBALL DE LA XREAP 

 

 
 
2011 
 
 
XREAP2011-01 
Fageda, X. (GiM-IREA), Perdiguero, J. (GiM-IREA)  
“An empirical analysis of a merger between a network and low-cost airlines” 
(Maig 2011) 
 
XREAP2011-02 
Moreno-Torres, I. (ACCO, CRES & GiM-IREA)  
“What if there was a stronger pharmaceutical price competition in Spain? When regulation has a similar 
effect to collusion” 
(Maig 2011) 
 
XREAP2011-03 
Miguélez, E. (AQR-IREA); Gómez-Miguélez, I. 
“Singling out individual inventors from patent data” 
(Maig 2011) 
 
XREAP2011-04 
Moreno-Torres, I. (ACCO, CRES & GiM-IREA)  
“Generic drugs in Spain: price competition vs. moral hazard” 
(Maig 2011) 
 
XREAP2011-05 
Nieto, S. (AQR-IREA), Ramos, R. (AQR-IREA) 
“¿Afecta la sobreeducación de los padres al rendimiento académico de sus hijos?” 
(Maig 2011) 
 
XREAP2011-06 
Pitt, D., Guillén, M. (RFA-IREA), Bolancé, C. (RFA-IREA) 
“Estimation of Parametric and Nonparametric Models for Univariate Claim Severity Distributions - an 
approach using R” 
(Juny 2011) 
 
XREAP2011-07 
Guillén, M. (RFA-IREA), Comas-Herrera, A. 
“How much risk is mitigated by LTC Insurance? A case study of the public system in Spain” 
(Juny 2011) 
 
XREAP2011-08 
Ayuso, M. (RFA-IREA), Guillén, M. (RFA-IREA), Bolancé, C. (RFA-IREA) 
“Loss risk through fraud in car insurance” 
(Juny 2011) 
 
XREAP2011-09 
Duch-Brown, N. (IEB), García-Quevedo, J. (IEB), Montolio, D. (IEB) 
“The link between public support and private R&D effort: What is the optimal subsidy?” 
(Juny 2011) 
 



 
SÈRIE DE DOCUMENTS DE TREBALL DE LA XREAP 

 

 
XREAP2011-10 
Bermúdez, Ll. (RFA-IREA), Karlis, D.  
“Mixture of bivariate Poisson regression models with an application to insurance” 
(Juliol 2011) 
 
XREAP2011-11 
Varela-Irimia, X-L. (GRIT)  
“Age effects, unobserved characteristics and hedonic price indexes: The Spanish car market in the 1990s” 
(Agost 2011) 
 
XREAP2011-12 
Bermúdez, Ll. (RFA-IREA), Ferri, A. (RFA-IREA), Guillén, M. (RFA-IREA) 
“A correlation sensitivity analysis of non-life underwriting risk in solvency capital requirement 
estimation” 
(Setembre 2011) 
 
XREAP2011-13 
Guillén, M. (RFA-IREA), Pérez-Marín, A. (RFA-IREA), Alcañiz, M. (RFA-IREA) 
“A logistic regression approach to estimating customer profit loss due to lapses in insurance” 
(Octubre 2011) 
 
XREAP2011-14 
Jiménez, J. L., Perdiguero, J. (GiM-IREA), García, C. 
“Evaluation of subsidies programs to sell green cars: Impact on prices, quantities and efficiency” 
(Octubre 2011) 
 
XREAP2011-15 
Arespa, M. (CREB) 
“A New Open Economy Macroeconomic Model with Endogenous Portfolio Diversification and Firms 
Entry” 
(Octubre 2011) 
 
XREAP2011-16 
Matas, A. (GEAP), Raymond, J. L. (GEAP), Roig, J.L. (GEAP) 
“The impact of agglomeration effects and accessibility on wages” 
(Novembre 2011) 
 
XREAP2011-17 
Segarra, A. (GRIT) 
“R&D cooperation between Spanish firms and scientific partners: what is the role of tertiary education?” 
(Novembre 2011) 
 
XREAP2011-18 
García-Pérez, J. I.; Hidalgo-Hidalgo, M.; Robles-Zurita, J. A.  
“Does grade retention affect achievement? Some evidence from PISA” 
(Novembre 2011) 
 
XREAP2011-19 
Arespa, M. (CREB) 
“Macroeconomics of extensive margins: a simple model” 
(Novembre 2011) 
 



 
 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

xreap@pcb.ub.es 


