Department of Economics

Business Cycle Synchronization and
International Risk Sharing

Pedro André Cerqueira

Thesis submitted for assessment with a view to obtaining the degree of
Doctor of Economics of the European University Institute

Florence, May 2007



EUROPEAN UNIVERSITY INSTITUTE
Department of Economics

Business Cycle Synchronization and
International Risk Sharing

Pedro André Cerqueira

Thesis submitted for assessment with a view to obtaining the degree of

Doctor of Economics of the European University Institute

Examining Board:

Prof. Michael Artis, University of Manchester, Supervisor
Prof. Anindya Banerjee, EUI

Prof. Jean Imbs, HEC, Lausanne

Dr. Ayhan Kose, International Monetary Fond

© 2007, Pedro André Cerqueira
No part of this thesis may be copied, reproduced or
transmitted without prior permission of the author

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120


svantess


DEDICATION

This thesis is dedicated to my parents, wife and sister, who offered me unconditional

love and support throughout the course of this thesis.

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120



ACKNOWLEDGMENTS

This dissertation has been a long time in the making, and I could not have written it
without the generous help of family, friends, and colleagues.

I begin with my supervisor Michael Artis who has given me countless suggestions and
insights of how to improve the thesis. He has, also, read carefully all the chapters and made
innumerous corrections to the English and suggestions of how to improve the readability of
some paragraphs. I also am indebted to my second supervisor, Anindya Banerjee, for the
excellent advice he provided. To both I am grateful for their unwavering support.

I am also indebted to Giancarlo Corsetti, Rick van der Ploeg and Paul Bergin for the
helpful conversations that provided me innumerous insights. Elias Soukiazis deserves a
special mention for reading all the chapters and preliminary versions and the suggestions
provided.

I am thankful to all the staff of Villa San Paolo who work makes life of researchers more
pleasant throughout the Ph.D. program.

I, also, would like to thank the Faculty of Economics of the University of Coimbra,
specially to the members of the Mathematics group, for providing me the time needed to
conduct research at the European University Institute. Teresa Pedroso Lima deserves a
special mention for the encouragement and support given.

Some debts are hard to put into words. My good friends in Italy: Alexander Muravyev,
Andrea Gallice, the Bardelli family, Bruno Mestre, Christopher Milde, Cristina Joanaz,
Davide Sala, Dejan Krusec, Keith Pilbeam, Rabah Arezki, Sandra Passinhas, Sergio Sereni,
Silverio Maffei, Tomasz Kozluk and in Portugal: Américo Santos, Clara Vale, Fernando
Pires, Joao Cunha, Nuno Moita, Ricardo Traguedo, Tiago Sa all know why their names are
here.

Finally, I would like to express my deepest thanks to my wife, Filomena; my parents,
José and Zélia and my sister, Ana Teresa. These people collectively nurtured me with tireless
love and support before, during, and since I wrote this dissertation. Filomena was the most

devoted spouse anyone could ask for during their graduate career.

iii

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120



CONTENTS

I Introduction

II Empirical Chapters

1 HOW PERVASIVE IS THE WORLD BUSINESS CYCLE?

1.1 Introduction . . . . . . . . . . . . . ...
1.2 Econometric Methodology . . . . .. .. ... ... .. .....
1.3 Empirical work . . . . ... .. o
Dataused . . . .. ... ... ... .
1.3.2 Results. . . . . .. .. . ... .

1.3.1

1.3.2.1 Estimating the number of common factors . . .
1.3.2.2  The estimated common components . . . . ..
1.3.2.3 The importance of the factors for each country
1.3.2.4 Trying to identify regions in substrictus sensus
1.3.2.5  Clustering analysis . . . . . .. ... .. .. ..

Hard clustering

Puzzy clustering . . . . . ... ...

1.4 Conclusion . . . . . . . . .

APPENDICES

1.A List of countries . . . . . . . . . . . ..

1.B  Country cycles

1.C  Are the idiosync. components cross-heteroscedastic? . . . . . . .
1.D MC for detecting the number of common factors . . . . . . . ..

1.E  Short description of the clustering method . . . . . ... .. ..

1.E.2 Fuzzy cluster

1.F Fuzzy cluster tables . . . . . . ... ... ... ... ... ....

1.G MC simulation: the finite vs the asymptotic distribution

2 CONSUMPTION SMOOTHING AT BUSINESS CYCLE FREQ.

2.1 Introduction . . . . . . . . . . . .

2.2 A simple theoretical model . . . . . . ... .. ... .. .....

221

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute

Complete markets and full risk sharing . . . . ... ...

DOI: 10.2870/82120



vi CONTENTS

2.2.2  Limited participation in the financial markets . . . . .. ... .. .. 66
2.2.3 Incomplete financial markets . . . . . . ... ... oL, 69
2.2.4 Impact of taste shocks . . . . . .. ... oL 70

2.3 The empirical study . . . . . . . . . .. 72
2.3.1 The methodology . . . . . . . . . . .. ... 72
2.3.2 Thedataused . . . . . . . . ... ... 77
2.3.3 Results. . . . . . . e 7
2.3.3.1 Business cycle symmetry . . . . . ... ... 78

2.3.3.2 Consumption smoothing channels . . . . . . ... ... ... 84

2.3.3.3 Possible relations with economic and financial indicators . . 87

2.4 Conclusion . . . . . . . . e 94
APPENDICES 97
2.A  Empirical methodology . . . . . . . . . . ... ... 99
2.B  Smoothing parameters distrib. estimated percentiles . . . . . ... ... .. 101
2.C List of financial indicators used . . . . . . .. ... ... ... ... ... .. 105
III Theoretical Chapter 113
3 INTERNATIONAL REAL BUSINESS CYCLES AND R&D 115
3.1 Imtroduction . . . . . . . . . .. 115
3.2 Themodel . . . . . . . . . e 118
3.2.1 The Household s problem . . . . ... ... ... ... ........ 118
3.2.1.1 The consumption price index and the demand equations . . 120

3.2.1.2 The intertemporal problem . . . ... ... ... ...... 121

3.2.2 Firms’ Problem . . . . . . .. .. ... . o 122
3.2.2.1 The consumption goods sector . . . . . . .. ... ... .. 122

3222 TheR&Dsector . . ... .. ... ... ... ........ 124

3.2.2.3 Specification of productivity shocks. . . . . ... ... ... 125

3.2.2.4  Aggregating country total production . . . . . .. ... ... 125

3.2.2.5 The measured CPI, GDP and Consumption . .. ... ... 126

3.2.3 Market clearing conditions . . . . . . .. ... Lo oo 127
3.2.4 The First Order Conditions . . . . . ... .. .. ... .. ...... 129
3.2.5 Equilibrium . . . . ... 131

3.3 The Non-Stochastic Steady State . . . . ... ... ... ... ... .... 132

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120



CONTENTS vii

3.3.1 The utility function . . . . . ... ... L oL 134
3.4 Results and comparison with data . . . . . . . ... ... .. ......... 136
3.4.1 Some stylized facts . . . . . ... .. ... 136
342 Flowofevents. . . . . . . . .. . . .. ... 143
3.4.3 Results from themodel . . . . . . ... .. .. ... ... ... ... 143
3.4.3.1 Case 1: Shocks just in the TFP of the consumption goods
SeCtOr . . . .. e 145
3.4.3.2 Case 2. Shocks just in the TFP of the R&D ("creativity"
shocks) without international contamination . . . . . . . .. 151
3.4.3.3 Case 3. Shocks just in the R&D sector ("creativity" shocks)
with strong negative contamination . . . . . . .. ... ... 159
3.4.3.4 Case 4 - Shocks in both sectors . . . . . ... ... ... .. 165
Case4.1-Caseland 2. .. ... ... ... ... ....... 165
Case4.2-Caseland 3. ... ... .. ... ... ....... 166
3.5 Conclusion and future directions . . . . . . . . . ... ... ... ... 172
APPENDICES 175
3.A The CPI and the demand equations . . . . . . .. .. ... ... ....... 177
3.B  Solving the household intertemporal problem . . . . . . . ... ... .. ... 179
3.C Deriving the R&D arbitrage condition . . . . .. ... ... ... ...... 181
3.D Parameter symmetry and the NSSS . . . . .. .. ... ... L. 184
3.E The price level in the steady state . . . . . .. ... ... L. 191
3.F Sensibility analysis to @ . . . . .. ... 193
3F1 Cases1,2and3. ... ... .. . ... ... ... 193
3F.2 Cased.2 . . . . . e 203
IV  Conclusion 213

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120



1.1
1.2
1.3
1.4

1.5
1.6

1.7

1.8
1.9
B1
B2
B3
B4
C1
Gl

2.1
2.2

2.3

24

2.5

2.6

2.7

2.8

LIST OF FIGURES

The First Factor . . . . . . . . . . . . . e 18
The 2nd, 3rd and 4th Factors . . . . . . . .. . .. ... .. .. ....... 19
Cumulative importance of the first four factors in the GDP cycles. . . . . . . 22
Hard Cluster for the OECD with the loadings and without the idiosyncratic

component . . . ... oo Lo e e 31
Hard Cluster for the OECD with the loadings and the idiosyncratic component 32

Hard Cluster for the world sample with the loadings and without the idiosyn-
cratic component . . . . .. ... Lo oL L e e e e 34

Hard Cluster for the whole sample with the loadings and the idiosyncratic

cCOmpPONENt . . . . . ... e e e 35
Fuzzy clustering and country silhouette . . . . . . . . .. ... ... .. ... 36
Fuzzy clustering and country silhouette . . . . . . . . .. ... .. ... ... 37
Istset . . . . e e 44
2nd set . . .. 45
3rdset . . . . 45
dthset . . . . . e 46
Estimated variance of the residuals . . . . . . ... ... ... ... ..... 47
Histograms . . . . . . . . . . L 56
World business cycle . . . . . . . ... 78

Relative size of the national component to the sum of world and national
COMPONEND . . . . . v v bt bttt e e e e e e e e 84
Relation between the importance of the World component on the GDP cycle
and the consumption smoothing through the asset markets . . . . . .. . .. 88
Relation between the importance of the World component on the GDP cycle
and the consumption smoothing through the savings and credit markets . . . 88
Relation between the population size and consumption smoothing through
the asset markets . . . . . . . ... L 89
Relation between the population size and consumption smoothing through
the savings and credit markets . . . . . . ... ... oL, 89
Relation between openness and consumption smoothing through the asset
markets . . . .. L e 91
Relation between openness and the consumption smoothing through the sav-

ings and credit markets . . . . .. ... L oL 91

1X

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120



2.9

2.10

2.11

2.12

3.1
3.2
3.3

3.4

3.5
3.6
3.7
3.8
3.9
F1
F2
F3
F4
F5
F6

LIST OF FIGURES

Relation between Public bond market capitalization to GDP and consumption
smoothing through the asset markets . . . . . .. .. ... ... .......
Relation between Average Portfolio Equity Net / GDP and consumption
smoothing through the asset markets . . . . . . ... .. ... ... .....
Relation between Net Interest Margin and consumption smoothing through
the savings/credit market . . . . ... ..o oL
Relation between Concentration and consumption smoothing through the sav-

ings/credit market . . .. ... Lo

A sketch of the economies . . . . . ... ... oL
Impact of trade costs . . . . . . . ...
Shock in the consumption sector of "home" country, according to case 1. (1st
SEt) oo
Shock in the consumption sector of "home" country, according to case 1. (2nd
Set) ..
Shock in the R&D sector of "home" country, according case 2. (1st Set) . . .
Shock in the R&D sector of "home" country, according case 2. (2nd Set)
Contamination schematics . . . . . . .. . ... ... 0L
Shock in the R&D sector of "home" country, according case 3. (1st Set) . . .
Shock in the R&D sector of "home" country, according case 3. (2nd Set)
Case 1 - Sensibility to . (Ist Set) . . . . . . . . ... ... .. .. .. ...
Case 1 - Sensibility to ¥. (2nd Set) . . . . .. ... .. ... ... ... ..
Case 2 - Sensibility to ¥, (Ist Set) . . . . . .. . ... ... ... ... ...
Case 2 - Sensibility to ¢¥. (2nd Set) . . . .. ... ... ... ... ...
Vi(IstSet) . . o oo
Vi@ndSet) . ... ..

Case 3 - Sensibility to ¢
Case 3 - Sensibility to ¢

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing

European University Institute

DOI: 10.2870/82120



LIST OF TABLES

1.1 Number of common components . . . . . . . .. ... ... 16
1.2 Ratio of Eigenvalues . . . . . . . . . .. ... 17
1.3 Factor loadings and Importance for Europe . . . . . . .. .. ... ... ... 21
1.4 Factor loadings and Importance for North and South America . . . . .. .. 23
1.5 Factor loadings and Importance for Asia and Oceania . . . . . .. ... ... 24
1.6 Factor loadings and Importance for Africa . . . . .. ... ... ... .... 25
1.7 Comparision of variance decomposition averages of possible regions . . . . . 27
Al TIstentry . . . . . . L o 43
D1 Cross-Heteroscedasticdata . . . . . . . . ... .. ... ... ... ... ... 49
D2 Cross-Homoscedasticdata . . . . . . .. ... .. .. ... ... ....... 49
F1 Fuzzy Cluster Table for the OECD countries . . . . . . . ... ... .. ... 52
F2 Fuzzy Cluster Table for the whole sample . . . . . . .. ... ... ... ... 53
F3 Fuzzy Cluster Table for the whole sample - continuation . . ... ... ... 54
2.1 Importance of the World factor in the series variance, 1970-2001 . . . . . . . 80
2.2 Importance of the National factor in the series variance, 1970-2001 . . . . . . 81
2.3 Importance of the idiosyncratic component in the series variance, 1970-2001 83
2.4 TImportance of Consumption Smoothing channels, 1970-2001 . . . . . . . .. 85
B1 bf - Asset market channel . . . . . .. ... ... .. .. ... ... .. ... 101
B2 bd - Capital depreciation . . . . . . . .. ... 102
B3 bt — International transfers . . . . . . . .. ... ... ... L. 103
B4 bs— Savings/Credit markets channel . . . . .. ... ... ... ... ... 104
3.1 Within countries moments . . . . . . . . .. ... Lo 139
3.2 Cross correlations for GDP and Consumption - 1st set . . . .. .. ... .. 140
3.3 Cross correlations for GDP and Consumption - 2nd set . . . . . . .. .. .. 141
3.4 Within countries moments of new trademarks . . . ... ... ... ... .. 142
3.5 Cross correlations of new registred trademarks . . . . ... ... ... ... 143
3.6 Estimated moments for case 1- Ist set . . . . . . .. ... ... ... . ... 147
3.7 Estimated moments for case 1- 2ndset . . . . .. ... ... ... 148
3.8 Estimated moments for case 2 - Istset . . . . . . ... .. ... ... . ... 153
3.9 Estimated moments for case 2-2ndset . . . . .. ... L 154
3.10 Estimated moments for case 3 - Istset . . . . . . .. ... ... 161
3.11 Estimated moments for case 3-2ndset . . . . . . ... ... ... ... .. 162
3.12 Estimated moments for case 4.1 - Ist set . . . . . . .. .. ... ... .... 167
xi

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120



xii LIST OF TABLES
3.13 Estimated moments for case 4.1 -2ndset . . . . . .. . ... ... 168
3.14 Estimated moments for case 4.2 - Ist set . . . . . .. ... ... 169
3.15 Estimated moments for case 4.2 -2ndset . . . . . . ... oL 170
F1 Estimated moments for cases 1, 2 and 3-Istset . . . . . . ... .. ... .. 195
F2 Estimated moments for cases 1,2 and 3-2ndset . ... .. ... ... ... 196
F3 Estimated moments for case 4.2 with ¥ =0.036 - Ist set . . . . .. ... .. 204
F4 Estimated moments for case 4.2 with ¢” = 0.036 - 2nd set . . ... ... .. 205
F5 Estimated moments for case 4.2 with ¥ = 0.125 - Ist set . . . . . . ... .. 206
F6 Estimated moments for case 4.2 with 0¥ = 0.125-2ndset . . ... ... .. 207

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120



Part 1

Introduction
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Since the seminal work of Arthur Burns and Wesley Mitchell in their 1946 book much of
the subsequent economic literature has been devoted to the study of fluctuations in economic
activity in the mid term or in other words at what is now called the business cycle frequency.
Originally the term business cycle referred to combination of periods of economic expansion
and decline, however the concept has been enlarged to include fluctuations of growth around
the trend, that is, combinations of periods when growth is higher than the long term growth
with periods when it is lower. These last are called deviation cycles as opposed to the
previous ones, studied by Burns and Mitchell, that are called classical cycles. Contrary what
the name suggests they are not regular in timing and duration - on the contrary, booms and

recessions occur at irregular intervals and last for varying lengths of times.

We can split the literature into two branches. On one side theorists have proposed differ-
ent causes of the business cycles occurrence and, using general equilibrium, have predicted
agents behavior during the fluctuations. In the end they try to match the results from the

models to ones from data.

On the other side, more determinedly empirical work has tried to measure and date
the business cycle accurately as well as describing the behavior of agents, again, checking

whether that behavior is accord with the predictions of theoretical models.

From the intersection of these literatures several puzzles have arisen, as theoretical mod-
els have found great difficulty in replicating some of the facts measured. Among others, and
more related to business cycles we can point to the Feldstein-Horioka puzzle, the consump-
tion correlation puzzle, the portfolio home bias, the trade home bias puzzle and several price
anomalies. As the focus of the current work is, as the title indicates, business cycle synchro-
nization issues and the consumption correlation puzzle and because we will, also examine
the price anomaly of the behavior of the terms of trade through the cycle we will just give
a brief explanation of these two puzzles/anomalies, leaving to the following chapters a more

complete characterization of each.

The consumption correlation puzzle arises from the fact that if we assume that interna-
tional financial markets are fully integrated then consumption should not depend too much
on nation-specific shocks to output and therefore cross country correlations of consumption
growth or of the deviations from trend should be quite high. This relation continues to hold
true even if the capital markets are segmented but agents in different countries would be
able to trade bonds. However when we look at the data we usually find values that are much
lower than the ones predicted by theoretical models, and even cross-country correlations of

consumption lower than the cross-country correlations of output.

As for the price anomaly, in theoretical models when a country suffers a negative shock
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and output declines then the prices of goods produced relative to foreign ones should increase

(and vice-versa, after a boom the relative prices should decrease), therefore the correlation

Price of Exports
Price of Imports?

when we look at the data, while it is true that for a significant number of countries that

between output and terms of trade, defined as should be negative. However,
correlation has the correct sign, for most it is not as strongly negative as the models would
predict, and furthermore for some countries, including the US, that correlation is positive.
This fact has been corrected in some models when they allow for a very low cross-country
elasticity of substitution, however this comes at the expense of a counterfactual lower volatil-

ity of the terms of trade when compared with that of output.

The work presented in the following chapters has as its objective to characterize business
cycle synchronization across countries, to measure how much consumption risk sharing is
done and in what way across countries, as well as, to propose a different channel to match
the correlations measured in data and in a theoretical model. Therefore, as the first two

issues are mainly empirical and the last is theoretical, we divided the work into two parts.

The first of these two parts is composed of two chapters. The first chapter is called
"How Pervasive is the World Business Cycle?". Here we tried to establish whether business-
cycle synchronization across countries is due to a single world business cycle, to a diversity
of regional business cycles or a combination of both, using an approximate factor model
to estimate the common components and the loadings. Contrary to previous papers that
examine the same issue, the methodology we use does not impose any prior hypothesis about
regional composition. If distinctive regional business cycles exist, the regional composition
would be estimated from the data used and the countries will form a region in substrictus
sensus'. The results indicate that there are four common components, but none specific
to a geographical or cultural region. However we found that one of those common factors
was more associated with high and one to middle income countries and therefore we can
consider that those two country groups form the only regions in substrictus sensus. As
for the low income countries they seem detached from any factor, as most of the cyclical
behavior is idiosyncratic. Afterwards we looked closely at the dependence structure from
the estimated common factors and the degree of commovement between countries. From
that analysis we found some sets of countries that have a similar factor dependence and a
high degree of commovement . We will call those groups regions in the latus sensus*. In the

high income countries group we found two groups that we labeled the French-Japanese (as it

om latin, meaning in narrow sense.
!From latin,
2From latin, meaning in broad sense.
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includes France, some other European countries neighbors of France and Japan) and German-
American (as it includes Germany, some neighbors of Germany and the USA) groups. In
the middle income countries substrictus sensus region we only found a set of groups in South
East Asia that has a similar dependence structure but do not commove (the idiosyncratic
components are quite high), and therefore we did not classify this group of countries as a

latus sensus region.

In the second chapter, called "Consumption smoothing at business cycle frequency", we
measure the importance of the consumption puzzle for different countries and, at the same
time, disentangle the strength of the several sources of consumption smoothing through the
cycle in a panel of countries. For this purpose a factor model is applied to data from 23
OECD countries. This approach allows us to measure the strength of the different channels of
consumption smoothing for the different countries rather than estimating an aggregate value
for all. In the aggregate we found similar results for the different smoothing channels as in
the existing literature; however, the individual estimates show that those aggregations hide
considerable differences across countries. For instance, the smoothing through international
portfolio diversification that at an aggregate level is not different from zero, ranges from
-17,4% to 16,4% and the smoothing through the credit market that is around 39% at aggre-
gate level ranges from 2,5% to 82,9%.

Having individual estimators for each country we could check to which indicators can
they be related. Concerning the portfolio diversification channel we found some puzzling
results: the more a country is synchronous with others, and therefore has less to gain from
smoothing the impact of national shocks on consumption, the more it smooths and the more
open a country is, and so it has more access to foreign goods, the less it smooths through
this channel. Moreover the portfolio diversification channel has no correlation with any of
the financial indicators. As for the smoothing through the credit market the higher is bank
concentration and the lower are interest margins the more the consumers smooth through

this channel.

The last part of the thesis is a chapter entitled "International Real Business Cycles and
R&D" where we look at the impact of variety expansion on the moments of an international
real business cycle model.

The literature that tries to match the moments of the data with those from theoretical
models, even in the recent vintage of models in which the number of varieties is endogenous,
did not give much attention to the fact that consumers may smooth their utility by varying

the diversity of varieties that they consume rather than the quantity and that the number
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of varieties might change, not only due to shocks in the total factor productivity of goods
production, but also due to the variability of the creativity process of the R&D sector

responsible for the introduction of new varieties in the economy.

Incorporating this idea into a formal model might enable us to account for the "con-
sumption correlation puzzle" that has plagued the empirical confirmation of RBC models.
Suppose, for example, that in one country agents smooth consumption by diversifying over
a bigger array of varieties whilst in another agents smooth consumption in a traditional way.
Because of the fact that consumer price indices and hence deflated consumption volume can-
not accurately register changes in the composition of the consumption basket, it is entirely
possible that consumption will not appear to be highly correlated in these two countries. In

other words, the model might help explain the consumption correlation puzzle.

In addition, an increase in the number of varieties produced in one country could lead
to a reduction of units produced of each (even if it could increase the sum of the total ) and
this would make them more valuable relative to the varieties produced by the other country.
In the end this can lead to a measured economic expansion and an appreciation of the terms

of trade reproducing the "price anomaly" found for some countries, as for instance for the

US.

In the formal model we incorporated a R&D sector responsible for the introduction of
new varieties with the objective of checking whether shocks in the creativity process alone
or in combination with the traditional shocks in the total factor productivity of final goods

could confirm these conjectures.

The results showed that shocks in R&D sector alone are not able to replicate most of
the (unconditional) moments of the data and exhibit the same problems as the shocks in the
productivity of the final goods sector, although with different magnitudes. However, even
if the impact of shocks on different variables lead to similar moments the fact is that the
relative response of the variables is not the same in both cases and for certain variables is
even the opposite. Therefore, when we allowed both shocks to coexist we found that we
could replicate most of the moments from the data for reasonable values of the standard
parameters together with a strong correlation between the shocks in R&D and the ones in
the productivity in the final sector and with negative contamination across countries in the
stochastic process of the R&D shocks.

In the model the reason for matching the relative sizes of the cross—country correlations
of output and consumption is that the utility-smoothing through the cycle is done through
variation in the quantity consumed of each good when the shocks are to the productivity
of the production sector and through the diversity of goods when the shocks hit the R&D
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sector. Due to the different strategies, even if utility is smoothed, measured consumption
diverges, leading to a smaller cross country correlation of consumption than of output ( the
consumption correlation puzzle) as we’ve conjectured.

As for the correlation between output and the terms of trade they were around zero, and
the volatility in the terms of trade was higher than in output. Even if we did not got the
positive correlation that we have thought , the fact is that the volatility found was such that
the value found in the model was not statistically different for most of the values found for
this correlation in the data (either positive or negative), therefore together with the size of
the volatility of the TOT relative to the one of output found in the moments from the model
we can claim that the results were better than the ones we expected, replicating the price

anomaly.

Summarizing we can say that the work presented in the next chapters sheds some new
insights in the business cycle literature, both at the empirical and theoretical level.

At the empirical level we showed how the world can be grouped in terms of business cycle
synchronization departing from the a prioristc assumption of continental divisions or from
the traditional North-South split. Moreover, contrary to previous works it shows that the
groups in the developed world are not due to specific cycles but due to different sensibility to
different factors that affect the worldwide economy. As for the North-South split, it shows
that the non-developing world cannot be put all together in the same region.

A second empirical contributions is how consumption risk-sharing across countries is
done giving us a more detailed picture of each country than the aggregate estimations from
previous papers could provide. This more detailed picture shows that the developed coun-
tries use the different mechanisms with different magnitudes and that those differences can
be related to population size, degree of world integration, openness and to two financial in-
dicators: net interest margin and degree of concentration of the financial system. Moreover,
some of the relations found are puzzling and they might deserve further research.

At the theoretical level we were able to replicate the consumption correlation puzzle and
the price anomaly without having to resort to rigidities and distortions in the economies
such as trade costs, tradables vs. non-tradables or financial ones. Instead, we offer the
explanation that those puzzles in the data could be the result of creativity shocks combined
with traditional productivity shocks. This result justifies further research at empirical level
in order to estimate shocks at business cycle frequency to the creativity process in order to
check if the estimated stochastic processes are equal to the ones necessary to replicate both

puzzles as the model shows.

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120



Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120



Part 11

Empirical Chapters

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120



CHAPTER 1

HOW PERVASIVE IS THE WORLD BUSINESS CYCLE?

1.1 Introduction

This chapter looks at the question of whether there is a world business cycle and/or a
number of regional business cycles. This question has, already, been the subject of several
papers and has been under renewed attention. The main reasons of this new interest are the
creation of the EMU and the slowdown at the beginning of the 21st century.

The creation of the EMU led to an interest in whether the business cycles of European
countries were or not synchronized, and therefore, whether a single monetary policy could
fit all. The studies done concluded in favour of the existence of a core and a periphery.
However, they raised the question whether national business cycle synchronization is the
reflex of a truly European Business Cycle, or just the reflex of a World Business Cycle. This
kind of question was the subject of Artis and Zhang(1997) and Artis(2003).

The slowdown verified in 2000/2001 was initially expected to be constrained to the US
economy, but it spread to most of the developed economies, indicating that those economies
are linked. This raised the question of whether the synchronization observed was a reflex
of a world business cycle or just a coincidence and if the links between economies have
or not increased. To answer this questions several papers studied the synchronization of
the G7 business cycles: Gregory and Head(1997), Andreano and Savio(2002), Helbling and
Bayoumi(2003), Bordo and Helbling(2003). Other studies were more ambitious and tried to
include more countries, Lumsdaine and Prasad(2003) included all OECD countries, Kose et
al.(2003) used data from 1960 to 1990 for 60 countries and Mansour(2003) used GDP data
for 113 countries from 1961 to 1989. However, the studies that try to cluster the countries
into regions do not try to estimate the world and the regional cycles and their importance to
the national cycle. The ones that try to estimate the world business cycle and its importance
for each country either do not take into account regional cycles, or if they do, as Kose et
al.(ibid.) and Mansour(ibid.), assume the identity of the regions rather than estimating them
from the data.

This chapter tries to estimate the world and regional cycles (if they exist) as well as the
importance of each for each country studied and, at the same time, to cluster the countries

into regions. In order to perform the study I use an approximate factor model, applied to

11
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12 CHAPTER 1. HOW PERVASIVE IS THE WORLD BUSINESS CYCLE?

data of 58 countries from 1970 to 2001, for which the asymptotic distribution theory was
developed by Bai(2003). To the best of my knowledge this particular method has not been
used before to study this question. Other studies have used factor models, but of a different
kind: Helbling and Bayoumi (ibid.) and Mansour(ibid.) used a dynamic general factor
model (DGFM) proposed by Forni et al.(2002), Kose et al.(ibid.) used a Bayesian method
described in Otrok and Whiteman(1998), Lumsdaine and Prasad(ibid.) used a time-varying
weighted method.

The main advantages of the factor model used in this paper are that the estimators have
an asymptotic distribution, rendering it possible to perform inference over them (which is
not possible in the DGFM or in Lumsdaine and Prasad’s approach), and we do not have to
assume regional composition beforehand.

The structure of the chapter is the following: the next section describes the econometric

model used; the following shows the empirical results and the final one concludes.

1.2 Econometric Methodology

To address the problem of the existence of a world business cycle and /or regional business
cycles I used the cyclical component of real GDP of each country. These cyclical components

were constructed from the difference of two HP filters as discussed in Artis et al. (2003).

Afterwards I applied to these GDP cycles an approximate factor model for which the
inferential theory was developed by Bai(2003). The model is represented by:

Xit = )\;Ft‘i‘eitzcit“"eit (1.1)
i = 1,2,3,..,N
t = 1,2,3,..T

where X, represents the value of the i national GDP business cycle at time ¢, ); is the
loading vector r x 1, F} is a r X 1 vector representing the value of r factors at time ¢ and e;;
is the idiosyncratic component of the series at time ¢.

In this framework and under the assumption A described in Bai (ibid.), this factor model
allows F; to be dynamic such that A(L)F; = ¢,.. However the relationship between X;; and
F, is static'.

The first problem to solve is to decide the number of factors that should be included in
the model. Bai and Ng(2002) constructed three information criteria (ICs) that can be used

consistently to estimate the number of common factors.

' A more general factor model where the relationship between X;; and F; can be dynamic is the DGFM
described by Forni et al.(2002).
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1.2. ECONOMETRIC METHODOLOGY 13

However, if there is too much cross-heteroscedasticity those IC estimates will identify
too many common factors when used in finite samples. The Montecarlo studies? conducted
showed that in this case if the series are not standardized those ICs almost always select
the maximum number of factors that we test for. If we standardize the data the IC that
gets closer to the true number is the IC2 (even if occasionally it overestimates them), as the
IC1 and IC3 always select a number bigger than the true one. Therefore when analyzing
the results we should be aware of the fact that even using the IC2 criteria we may be
overestimating the number of factors.

Then, to check for the importance of each factor we can perform the variance decompo-
sition of the indices given by:

R
var(Ind®) = wvar (Z Aer B+ €C> & (1.2)

r=1
o 1< var(Ae.F1)  var(Aeg.Fy) A var(Aeg.Fr) var(e.)
~ war(Inde) var(Ind®) ~ " war(Ind®)  wvar(Inde)
where : Ind®, F, and e, are t x 1 vectors

and \.. is the loading of factor r associated with the country ¢

The last equality results from the estimation procedure of the approximate factor model.
The method imposes that (F'F) /T = I,, (Fis a t X r matrix and I, is an identity matrix
of order r) the factors are orthogonal, and so the variance of the sum is equal to the sum of
the variances.

Moreover, the factors are standardized, their variance is equal to one, so the importance
of each factor is given by:

var(Ae F) ()\CT)2

= ; =1,23,...R 1.3
var(Ind®)  wvar(Ind) T s (13)

If there is a regional business cycle, how should we decide for its existence and the
regional composition? As said before regions are not assumed before the estimation of the
common components. Their existence has to be inferred from the data. The method used is
to compare the importance of a factor for each country and/or a subsets of countries using
equation (1.3). If the ratio estimates that the factor is only important for a limited number
of countries then we are in the presence of a regional factor, and the set of countries is said to
be the region in substrictus sensus. If the factor is important for a large subset of countries

then the component is a global one.

2See appendix 1.D.
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14 CHAPTER 1. HOW PERVASIVE IS THE WORLD BUSINESS CYCLE?

A second definition of region will be in latus sensus. In this case, independently of
whether we find or not a regional factor, there can be groups of countries with a similar
dependence structure from the common components. In this case these sets of countries
would form regions in latus sensus. To check for the existence of this kind of region we will
perform a cluster analysis to check how similar are the countries’ dependence structures and

how they group.

1.3 Empirical work

This section will present the estimated results. It is divided into two subsections. The

first describes the data used and the following shows the results obtained.

1.3.1 Data used

The data used were those for Gross Domestic Product (GDP) calculated from the ex-
penditure approach of 58 countries at constant prices ( base year: 1990). All the series were
collected from the WTI 2004 World Bank Database, selecting those for which we could get
a complete data set from 1970 to 2001. A complete list of the countries invloved is given in

appendix 1.A.
The use of annual data rather than data at a higher frequency was dictated by the

availability of the series for as many countries and as long time span as possible. Quarterly
data are not available for most countries since 1970. Had we chosen a shorter interval either
the number of countries that could be used would be too small or the time span would be
too short.

Finally, to estimate the business cycle indices of each series I chose to retain the fluctu-
ations from two to eight years. This interval follows the one that Baxter and King (1999)
adopt, between 6 and 32 quarters.

1.3.2 Results

This subsection presents the results and it is divided into five subsections. The first one
estimates the number of factors to be included in the model, the next presents the estimated
factors and the following the relative importance of each for each country. The fourth tries
to identify regions in substrictus sensus. The last point clusters the countries together to

check if there are regions in latus sensus or not.
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1.3. EMPIRICAL WORK 15

1.3.2.1 Estimating the number of common factors

When we analyze the estimated business cycle indices of each country® we realize that
there are some regularities common to most countries: a trough around 1973, coinciding with
the first oil crisis, another around 1981, and a third trough at the beginning of the nineties.
These coincidences make us suspect that the countries are linked by a world business cycle.
However, some of those coincidences are not common to all countries nor are the variations
registered on a equal basis. Therefore we could assume as a starting hypothesis that, beyond
a common factor and idiosyncratic shocks, some countries are subject to some regional
components. But to be certain of our suspicions we should try to find the regional cycles
and the regions themselves.

To apply the model of equation (1.1) we need to know how many factors should be
included in our analysis. Using a statistical criterion is in this context better than assum-
ing how many factors to test based on our beliefs of how do the world and/or regional
cycles should look like, as that would lead to some prior beliefs about regions and region
composition.

However, before selecting the number of common components we have to select the
maximum number of factors that we allow for (Rmaz). In time series a rule such as
8 % int[(T/100)"/*] considered in Schwert(1989) is sometimes used to set Rmax. However for
panel data no such rule is available. Bai and Ng(ibid.) considered 8xint[(min(7', N')/100)'/4]
and in their Montecarlo simulations for samples of a size similar to ours they used Rmax = 8.

So is 8 a parsimonious value? Kose et al.(ibid.) in their study have divided the world into
7 regions (the six continents, splitting Asia into developed and non-developed); therefore,
they estimated a total of eight common components. Mansour(2003) selected 8 geographical
regions (the 6 continents plus the Mediterranean and Maghreb area) and 12 trade agree-
ments. However in many of those trade agreements most countries are of either one or two
geographical groupings, and if there is a specific component to that trade agreement they
will be the same as the ones found in the geographical regions. Therefore using this division
we should select around 9 common components. Taking into account these two studies we
used 9 as Rmax.The estimated results for the number of common components are in table
1.1.

We argued before that if there is too much cross-heteroscedasticity in the idiosyncratic
components the ICs applied to non-standardized data almost always select the Rmax. As

regarding the standardized data, even if the IC2 sometimes overestimate the number of

3See appendix 1.B.
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16 CHAPTER 1. HOW PERVASIVE IS THE WORLD BUSINESS CYCLE?

Table 1.1: Number of common components
H H Standardized Data H Non Standardized Data H

H IC1 H 9(Rmazx) H 9(Rmax) H
H 1C2 H 4 H 9(Rmax) H
H IC3 H 9(Rmax) H 9(Rmax) H

common factors, this criterion is the one closer to it*. From the previous table it seems that
we should select 4 as the number of common components to use.

This number should be put into perspective regarding previous studies:

o In the Kose at al.(2003) study only the World component and the North American
factor seemed important in explaining commovements. In this case two would be the

number of common components;

e In Mansour’s study he found that 2 regions (Africa and Asia) were quite heterogeneous
as three regions had a quite high value of commovement (Europe and especially the EC;
Oceania and South America) as the others had a degree of commovement not much
different from the world average. Therefore, even if he only decomposed the possible
regional component for the EC, from the previous results the number of common
components to be estimated should be around 4, one for each of the three regions with

high commovement and one for the whole sample: the world component;

e Helbling and Bayoumi(2003) have estimated 2 world common components for the G7

countries;

e Baxter and Kouparitsas(2004) when searching for indicators to explain commove-
ment showed that the only characteristic that was robust to several specifications was

whether a country is a developed one or not.

From those studies if we select 4 as the number of common components it seems it would
be in the range that previous studies would suggest (somewhere between 2 and 4).

Taking into account this comparison with other studies and the fact that the IC2 oc-
casionally overestimates the number of common components we should consider that we

might be including too many (not too few) factors. Anyway, if that happens, it should be

4In fact we found evidence of cross-heteroscedasticity when estimating the model without standardizing
the model, see appendix 1.C. Furthermore, the results of table 1.1 by selecting Rmax with non-standardized
data give some support for standardizing it.
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1.3. EMPIRICAL WORK 17

apparent from the importance of each factor in the variation of the business cycle of the
countries; that is, if the last factor is only important to one country, the importance to the
others being only marginal, then that factor is capturing a country business cycle and not
a common component. At this point the model can be restricted®. Therefore, we proceed

with the study using 4 as the number of common components to be estimated.

Looking at the ratio of eigenvalues we can assess how far the first n common components

explain the common variation of the series:

Table 1.2: Ratio of Eigenvalues

Eigenvalue | 1 2 3 4 )
Ratio 0.2391 || 0.1184 || 0.1142 || 0.0842 || 0.0683
FEigenvalue || 6 7 8 9 10
Ratio 0.0537 || 0.0473 || 0.0458 || 0.0373 || 0.0322

From table 1.2 we see that the first eigenvector can explain 23.91% of the common vari-
ation of the series. Cumulatively, the first four factors explain up to 55.5% of the common
variation These values are smaller than those estimated by Helbling and Bayoumi(2003).
Those authors, using the methods of Forni et al.(2002), found that the first factor would ex-
plain 60% of the variation and the first three factors would explain about 90%. Those results
are for GDP data of the G7 countries. However, when they add other series their values
decrease to 44% and 71% respectively. But, we can expect that the more countries/series
are used, the smaller will be the estimated ratios as we add more sources of idiosyncratic
variation. If we do the same exercise for the OECD countries, the first four factors would

explain almost 70% of the common variation.

1.3.2.2 The estimated common components

The first question is what do the first four common components look like. Figure 1.1
depicts the estimated factor associated with the biggest eigenvalue. The dotted lines are
the 95% confidence level band for the estimated value. At this point we should stress that
assumptions A-H described in Bai(2003) are needed to compute the confidence interval of the

5 At this point we should note that we do not need to reestimate the model, as the estimated factors are
orthogonal, the estimated loadings for the first n factors are equal if we use n or n + m factors . However
the same is not true to the estimated variance-covariance matrixes and, hence,for the confidence intervals.
Restricting the model would lead to wider confidence intervals.
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18 CHAPTER 1. HOW PERVASIVE IS THE WORLD BUSINESS CYCLE?

factors when N, T — oo (this is the weaker condition imposed). Of importance is assumption
H, it imposes that the residuals of equation(1.1) are homoscedastic and not serial correlated.
However we found for some countries traces of autocorrelation, therefore the asymptotic
theory is only valid when v/N /T — 0.

Figure 1.1: The First Factor

_3 L ! 1 1 1 1
1970 1975 1980 1985 1990 1995 2000 2005

From table 1.2 we realized that the first factor explains almost 24% of the variation of
the countries’ indices. From figure 1.17 we realize that this first common component captures
most of the stylized facts of the world business cycle described in the literature. It peaks®
in 1973, 1980, 1989 and 2000, reaches a trough in 1975, 1983, 1993 and also reflects the

slowdown at the beginning of the new millennium.

5From those assumptions is clear that cross-section heteroscedasticity and cross-section correlation are
still allowed, thus the model continues to be an approximate factor model.

In this sample I performed a white test to detect heteroscedasticity . The test did not reject the null of
homoscedasticiy at 5% significance level for any country.

As for autocorrelation, doing a LM test for AR, 8 out of 58 countries rejected no autocorrelation of 1st
order and 28 out of 58 of 2nd order, both at 5 % significance level.

In this case the asymptotic distribution of the factors is only valid when v/N/T — 0. In our sample

N = 26 — v/N ~ 5 which is much smaller than 7" = 32. The use of the asymptotic distribution is still
plausible, as long as assumptions A-G of Bai(idem) are satisfied.

"The method is not able to estimate the factors themselves, but a rotation of them (H F;).Therefore in
this study I assumed that the loadings of the factors should be positive in the majority of the G7 countries,
and multiplied the estimated eigenvector by -1 every time that the estimated loadings would not obey to
that assumption.

8We will say that the index reaches a peak in a given year if it is both positive and is the bigger value
between troughs. A index reaches a trough if it is negative and if it is the smaller value between peaks.
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1.3. EMPIRICAL WORK 19

Kose et al. (2003) using annual data from 1961 to 1990 for 60 countries found, after
1970, peaks in 1973, 1976 and 1988, troughs in 1975 and 1982 and a slowdown in the end of
the sample.

Gregory et al. (1997) studying the G7 countries with quarterly data from 1970:1 to
1993:4 found recessions in 1975, 1982 and a slowdown in the early nineties, upturns in the
early and late seventies and late eighties. They also found during the mid-eighties a long
period where the cycle was below the zero level.

Helbling and Bayoumi (2003) when estimating the G7 weighted gap using GDP quarterly
data from 1973 to 2000 found troughs in 1974, 1982, 1986 and 1992 and peaks in 1978/1979,
1985, 1990 and 2000. Their sample end also depicts a slowdown, even if it is much smaller
than the one depicted in figure 1.1.

It seems that this first factor is in line with estimations found in the literature, however
this does not mean that it is the word business cycle. For that we have to know how
important this factor is in the business cycle of each country. Does it affect all countries
(being it a global component) or just some?

In figure 1.2 we can see the evolution of the remaining three factors.

Figure 1.2: The 2nd, 3rd and 4th Factors
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20 CHAPTER 1. HOW PERVASIVE IS THE WORLD BUSINESS CYCLE?

As the first factor, the second common component also captures the effects of the first
and second oil crisis (it reaches troughs in 1974 /75 and 1981). After that it seems to fluctuate
around the zero value depicting smaller peaks in 1986 and 1992 and a trough in 1989. It
seems that is just capturing the effects of the two oil crises.

The third factor peaks in 1983, 1990, 1996, 2000 and reaches troughs in 1981, 1987, 1993
and 1998. It seems that this factor is just capturing the fluctuations of the eighties and the
nineties.

The fourth factor fluctuates around zero until the late eighties when it reaches a peak in
1988 and other in 1995, with troughs in 1991 and 1998. It seems that is just capturing the
fluctuations in the world economy due to other causes than to the oil crises.

On the whole this three factors seem to split the fluctuations of the 70’s, 80’s and 90’s
between them. This might indicate that these fluctuations in different decades affected
different countries differently, being global components, or that were specific to some set of
countries and thus regional cycles. However, without analyzing the impact of each factor in

the different countries we are not able to distinguish between these two alternatives.

1.3.2.3 The importance of the factors for each country

The first question is how much the first four factors explain the volatility of the national
business cycles. Figure 1.3 shows the sum of the importance of the first four factors for each
country. We can see that in Europe it is only for Iceland, Norway, Sweden and Turkey that
the first four factors explain less than 50% of the GDP cycle.

In America the countries for which the four factors are not able to explain at least half
of the volatility of the GDP cycle are Bolivia, Colombia, Dominican Rep. and Ecuador.
In Asia that benchmark is not achieved by Hong Kong, India and Pakistan and in Africa
just Ghana, South Africa and Zimbabwe have more than 50% of the GDP cycle volatility
explained by the first four factors. From this first analysis we can say that Africa seems
to be the continent more asynchronous with the rest of the world and where most of the
variations are due to idiosyncratic shocks.

However for a more rigorous assessment we need to analyze the loadings component by
component as well as their significance. Tables 1.3 to 1.6 report the loadings of the common
components for each country as well as the 95% confidence bands and the importance of each
factor for the GDP business cycle variance (VD, variance decomposition) following equations
(1.2) and (1.3)°.

9Remember that by equation (1.3) and because we standardized the GDPs business cycle, the square of
the loadings is also the importance of the factor in the countries’ business cycle variance.
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Table 1.3: Factor loadings and Importance for Europe
1st Factor 2nd Factor 3rd Factor 4th Factor
Load VD Load VD Load VD Load VD
AUT (()05?57;0.74) 0,31 (()0.35;0.41) 0-05 ?0:.3157;0.54) 0-12 ((—)0.55;-0.27) 0.17
*okk - *okk *okk - *okk
BEL ?6?32;0.89) 0.64 (?6?50;—0.16) 0.08 (()(')?179;0.34) 0.07 (?(.)%36;—0.11) 0.03
k% k% _
DEN ?(5?55;0.73) 0-29 (()(.)?;8;0.76) 032 ((-)(.)(.);2;0.18) 0.00 ?-.(??07;0.25) 0.00
Rk 045k EYERE ]
FIN ?0?258;0.82) 030 (?0.659;—0.20) 0-20 ?0?16;0.51) 0-11 (()-(())?23;0.33) 0.00
$okk ok ok ~
FRA (()(')?620;0‘84) 0.52 (()(')%(:)))3;0.23) 0.02 ?('3?317;0.65) 026 (?(')(.)59;0.08) 0.00
GER ?0?505;0.85) 049 ?0?17;0.46) 0-10 (()-0.05;0.30) 0.02 (?0?6?2;-0.07) 0-12
*okk *okk N N *okk
GRE | (om | Gasor | (onooy Y| Cossoon OV
5OXR* 0.1 -0.31%* -0.01
ICE ?0?27;0.73) 0-25 ((—)0.51))3;0.18) 0.02 ((—)Oz.))GO;—0.0S) 0-10 ((—)0(.)22;0.20) 0-00
R . gk —0.90%k*
IRE ?0§18;0.83) 0.26 (()-3.911;0.28) 0-01 ?OZ.J)IZ;O.GI) 0-13 (?0.32;-0.15) 0-09
ok ok
ITA (()(')?((3)6;0‘93) 0.63 (()—.(?16;—0.024) 0.06 (()—.(1).103;0.26) 0.01 (()—'(())iQ;O.18) 0.00
STHAK A1 1 -0.1
LUX. ?0?49;0.95) 0.52 ?-0.17;0.39) 0.01 ?—0.13;0.35) 0.01 (?0.;))2;0.06) 0.02
*okk *k N N *okk
NTH (()(.)(.558;0.88) 046 (()(.)?(?1;0.50) 0.07 ((—)(')(.)210;0.18) 0.00 ((—)(.)1.1;6;—0.26) 0-17
_ k% _
NOR (()-'8.427;0.35) 0-00 (();3913;0.33) 0.01 ((-)6%7;-0.32) 041 ((-)6%11;0-07) 0.03
. 2*** -0. . kkosk _ 21**
POR (()0?44;1.00) 0-52 (?0(.)??0;0.11) 0.01 ?0?39;0.57) 0-11 ((—)0.40;-0.11) 0.04
$okk ~ Fokok _
SPA (()(')6.5416;0.76) 0.38 ((—)(')%??4;0.08) 0.02 ?(')?;3;0.69) 0.26 (?6%55;—0.08) 0.03
_ *
SWE ?-.3.711;0.86) 0.14 (%%?2;0.05) 0-11 ?-.(2).310;0.55) 0-05 ?;(?.907;0.24) 0.01
o N *okk N *okk
S| ssaor °® | fossoo %] (oaroay  °%®| (ossory O
~ ) Fokok _ _
TUR (?(')?580;—0.06) 0.08 ?('):.))30;0.48) 0.12 (?6(.)264;0.12) 0-00 ((-)6%51;0.15) 0.02
kksk kksk * kksk
UK (()(.)(.3?1;0.75) 040 (()(.3;19;0.48) 0-11 (()-.3.6;)1;0.33) 0.03 (()(.)4.1295;0.73) 024

Numbers between parenthesis are the 95% confidence level interval; VD - variance decompostion

*

*k

kokk

Significantly different from zero at 10% level

Significantly different from zero at 5% level

Significantly different from zero at 1% level
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Figure 1.3: Cumulative importance of the first four factors in the GDP cycles.
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As we can see from table 1.3 the first factor has a very significant influence in most
countries in Europe, the exceptions being Norway and Sweden for which the first factor’s
influence is not significantly different from zero even at 10% significance level. Also Turkey
has a weaker dependence from the first factor than the other European countries. In fact
the loading is only significant at the 5% significance level, which contrasts with the other
countries for which the loading is significant even at 1%.

The influence of the second factor is less all encompassing than the first, however it is
significant at 1% for Belgium, Denmark, Finland, Germany, Greece, Switzerland, Turkey
and UK and at 5% for Austria, France, Italy and Netherlands. However, for these countries,,
it’s importance in the national business cycle variances is quite small, being over 10% only
to Denmark, Finland, Greece, Turkey and UK and almost 10% for Germany.

The third common component is significant for Austria, Belgium, Finland, France, Ire-
land, Norway, Portugal and Spain. It is, also, significant at 5% level for Iceland. With
the exception of Belgium and Iceland, the third factor accounts for more than 10% of the
national business cycle variance of these countries (for Iceland it accounts for almost 10%).

The fourth factor, despite being significant for some countries, only accounts for more

than 10% of the variance decomposition for Austria, Germany, Netherlands and UK.

For North and South America (see table 1.4), as for Europe, the first factor is significant
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Table 1.4: Factor loadings and Importance for North and South America
1st Factor 2nd Factor 3rd Factor 4th Factor
Load VD Load VD Load VD Load VD
Fook ~ _ * $okok
CAN ?66.5??6;0.99) 046 (?6(.]58;0.08) 0.00 (?6?425;0.01) 0.05 ?6?120;0.54) 0-10
TE¥RE AGFFF _0.16%%* 17*
USA (()0?653;0.87) 056 (()0.3?6;0.56) 0.22 (?0.266;-0.06) 0.02 ?-0.700;0.34) 0.03
_ $okok
BOL (();5.8()6;0.62) 0.08 ?-'(1).325;0.51) 0.02 ?-.;.121;0.42) 0.01 (?6%;)9;-0.21) 0-16
kksk _ kkosk _ kokosk kk
BRA (()(')1.13?1;0.61) 0-21 (?6?23;-0.17) 0.09 (?6?35;-0.24) 0-25 (()6?55;0.44) 0.06
GAFFFE -0. _0.53%%* 0.
CHI ?0(.349;0.79) 041 (?0?37;0.10) 0.01 80??1;-0.34) 0.28 (?0(.);5;0.08) 0.01
Fokok ~ * _ $ok *
cOoL ?6?51;0.75) 0-34 ((-)(')%;1;0.02) 0.02 ((-)6?1(1)0;-0.01) 0.04 ?-.(2)2)2;0.42) 0.04
BTRRE 3ok 0. 48%%* 11
CRI (()0?412;0.07) 0-31 (()0?18;0.46) 0-10 (?0.6?8;-0.28) 023 (()-0.09;0.31) 0.01
_ $okok -
DOM (()-.3.907;0.44) 0.04 (?6?503;-0.07) 0.09 ((-)6(.)450;0.31 0.00 ?-.(?;.419;0.88) 0-12
*k _ ok ok _ _
ECU ?(')%(:1;0.34) 0.03 (?(.)1.130;-0.19) 0-20 (?(')%22;0.10 0.03 (?(')%536;0.17) 0.01
kk kskok _ kokok kskok
ESV ?6?83;0.36) 0.04 ?6?25;1.05) 0.64 (?(.)%Z?O;-0.0S) 0.04 (()6?221;0.44) 0-10
*kokok _ - * -

GUA (()66.;26;0.95) 0.64 ((_)6%4?1;0.17) 0.01 (%ﬁs;o.oz) 0.04 ((_)6%7;0.10) 000
HND (()0???5;0.70) 0.28 (()0.10;0.74)) 0-18 (?0.55;-0.10) 0.08 (()-025;0.37) 0.03
3ok -0.447%%* 0.93% 0. AR
MEX (()0:.517;0.47) 0-10 ((-)0.52;-0.37) 020 (?0.38;0.02) 0.05 ((-)0.52;-0.33) 0.23

KKk _ Hokx _ *% _
PRG ?6?3?0;0.77) 029 (%%85;—0.36) 037 ((-)6?29;-0.03) 0.07 (?6(.)276;0.12) 0.01
_ _ Kokok _ Kook Kook
PER (?6(.)32;0.17) 0.00 (?6%23;-0.30) 0.22 (?5:7;-0.19) 0.28 (()6?(?8;0.44) 0.07
* _ kokk _ kokk _
URG (()-'(1?00;0.30) 0.02 ((-)6%29;-0.21) 0-20 ((-)6§775;-0.59) 045 (?(.)%38;0.07) 0.01

Numbers between parenthesis are the 95% confidence level interval

*

*k3k

*Kkok

Significantly different from zero at 10% level
Significantly different from zero at 5% level
Significantly different from zero at 1% level
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at least at the 5% level for most countries, the exceptions being Uruguay where it is significant
only at the 10% level and Bolivia, Dominican Rep., and Peru for which it is not significant.
The second common component is not significant for Canada, Bolivia, Chile and Guatemala
and for Colombia it is significant only at 10% level.
The third factor beyond being significant at 1% level for the USA (however it’s impor-
tance in the variance decomposition is quite low) it affects the majority of the Latin American
countries with quite high values for the variance decomposition as the fourth factor affects

only a small number of countries (Canada, Bolivia, Brazil, El Salvador, Mexico and Peru).

Table 1.5: Factor loadings and Importance for Asia and Oceania

1st Factor 2nd Factor 3rd Factor 4th Factor
Load VD Load VD Load VD Load VD
Hokok - - ook *
AUS ?(.)?510;0.77) 0.29 (?(.)(.)276;0.12) 0.01 (E)(.)i.))gO;-O.M) 0-14 ?-.3.101;0.63) 0-10
- _ *k * %k ok
NZL ((_)6(.)50;0.27) 0.00 (?6%;)3;_0.7) 0.16 ?—.(2).203;0.46) 0.05 ?6?:?2;0.79) 031
gk 17 gk 20.12
JAP (()01?5;0.84) 048 ?—0.702;0.36) 0.03 (()0:.))53;0.43) 0-11 ((—)0.32;0.08) 0-01
Hokok Fk ook
KOR (()—.8.?)9;0.27) 0-01 (()(.):.353;0.53) 0-14 (()(.):.;(37;0.67) 0-14 (()(.)?157;0.94) 0-31
* - Hkk Hokk
CHN ?6%(?2;0.30) 0.03 ?—'(1).212;0.36) 0.02 ([—)(.)?(:337;—0.39) 0.28 ?6%25;0.72) 0-35
A-FH* -0.01 -0.04 48K
HKG (()0.287;0.70) 0.23 (?0?42;0.40) 0.00 (?0926;0.18) 0.00 (()0.51;0.75) 0-23
- ok
IND (?6%52;0.11) 0.07 ?;8?34;0.39) 0.00 ?(.):.))32;0.69) 0-13 ?;324;0.42) 0-04
Kook - Kook *ok
MAL (()6?;18;0.50) 0-11 ((—)(.)(.)296;0.08) 0.01 (()(.)???6;0.75 031 ?('):.))(1)14;0.64) 0-12
- Hokok
PAK (()—.8.015;0.50) 0.00 ((-);.150;—0.26) 0.23 (()-.3.105;0.46) 0.04 (()-.3.909;0.47) 0.04
_ * Hokox *ok
R Iy T I T T I T T
A ek 01 Rk gk
SIN (()0.29;0.52) 0-16 (?0.3?8;0.06) 0.03 (()0?6;0.80) 0.28 ?0?35;0.51) 0-11
Hok ok x *ok
THA ?(.)?(:)))2;0.45) 0.06 ?-.(()).321;0.26) 0.00 ?(.)4.1178;0.77) 0.22 ?(.)?0;0.97) 0-29

Numbers between parenthesis are the 95% confidence level interval

*

Significantly different from zero at 10% level

ok Significantly different from zero at 5% level

ok Significantly different from zero at 1% level

The picture of Asia and Oceania (table 1.5) is a bit different: the first factor affects those
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countries that we can classify as developed (with the exceptions of New Zealand and Korea),
Malaysia and Thailand. The second factor affects only New Zealand, Korea and Pakistan.
The third one seems to encompass all the region with the exception of Pakistan and Hong
Kong, as well as New Zealand for which it is only significant at 10%. Also the fourth factor

encompasses a number of countries in a significant way.

Table 1.6: Factor loadings and Importance for Africa

1st Factor 2nd Factor 3rd Factor 4th Factor
Load VD Load VD Load VD Load VD
26%F* DAt oo 28% -0.12
ALG ?0.39;0.44) 0.07 (()O.fO;O.48) 0-08 (()-0.?)3;0.59) 0-08 ((—)0.24;-0.00) 0.02
Hokk _ _
cv ?-'3.718;0.29) 0.00 ?6%7;0.91) 029 (?69227;0.22) 0.00 (?6%;5;0.14) 0.01
-(0.38%* . 2 .01
GAM (?0?)?2;-0.05) 0-15 ?—8.025;0.26)) 0-00 (()-0.?:)8;0.55) 0-05 (()-(?.27;0.28) 0.00
*okok _ - Foksk
GHA ?(5(.3;)0;0.87) 0-47 (%9??2,0.28) 0-00 (?6%;0;—0.33) 0-17 (();(()).813;0.29) 0-01
_ * - Hokok
MOR ((-)(.)%:0;0.11) 0.02 23%3;0.42) 0.04 (()-.8‘621;0.33) 0.00 (?6:.))5?0;-0.15) 011
. . .04 -0.41%*
RWA ?—8.312;0.18) 0.00 (()-(0)27;0.23) 0-01 (()-(0).17;0.25) 0-00 ((-)0.78;—04) 0-17
N Hokk *oRk R
SEN (?(.]?;13;—0.35) 0-30 (()—'3.112;0.34) 0-01 (()(')?58;0.52) 0-12 (E)(.)jo;O.B) 0.01
B Hokok
SAF ?;325;0.35) 0.02 (?fgl;-o.m) 079 (()-.8.613;0.24) 0.00 (()-.(?1)2;0.16) 001
_ . 0.30%%* 0. 47FEE
TUN ?—(()).708;0.21) 0.00 (()-3.020;0.41) 0-01 (?0?50;—0.19) 0-15 (?0.776;—0.17) 0.21
- _43%* - N
ZAM (?6(.)56;0.20) 0.01 (%3.66;—0.20) 0.18 (?6?;15;0.17) 0.00 (?6(.)21;0.23) 0.01
N ok Hokok - Hokok
ZIM (()-.3.104;0.25) 0.01 (%??9;-051) 0-42 ?(3%1;0.37) 0-06 (?64.124;-0.28) 0.21

Numbers between parenthesis are the 95% confidence level interval
* Significantly different from zero at 10% level

ok Significantly different from zero at 5% level

ok Significantly different from zero at 1% level

In Africa (table 1.6) the picture is quite mixed, as no factor seems to be more important
for the region than any other. All of them are significant for more or less the same number

of countries (4/5). The variance decompositions reveal, also, the same picture.
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1.3.2.4 Trying to identify regions in substrictus sensus

At this point, having identified the common components, as well as which one is more
important for each country we can try to check if there is some factor associated with a set
of countries defining a region in substrictus sensus.

From our previous definitions this kind of region would be characterized from the exis-
tence of a common component which would be important just to a specific set of countries.
So the straightforward method would be to check which countries the factors affect signif-
icantly. However this would be a too simple consideration, because even if the common
component is a regional one it may affect countries outside that region due to economic
linkages. Therefore the regional characteristics of a factor should be evident from the fact
that similar countries are the ones more affected by it and not the only ones affected by it.

To see which setting of groups are more affected by each component, the model is adjusted
to restrict to zero those loadings (and variance decompositions) that were not significantly
different from zero at the 5% significance level. Then I estimated the variance decomposition
average for a number of country sets grouped by economic, cultural or geographical char-
acteristics and compared them to the importance of the factor to the whole sample (world
average). The regional characteristic of a factor should came from the fact that the set of
countries that compose the region should be more affected by that common component than

the sample as a whole.

From table 1.7 we can see that the first factor is more important than the world average
for a number of groupings, however those groups have a common characteristic: most of its
members are high-income countries. In fact from the economic division we can see that, the
smaller the income the smaller is the importance of this factor.

Therefore, even if the importance for many non-developed countries is not zero, the first
factor seems to be associated primarily with developed economies Two apparent exceptions
should be taken into consideration: developed Asia and Oceania. In both cases lower values

than the world average are due to the small values of two countries: South Korea and New
Zealand.

As for the second factor the analysis is more difficult. First, it seems that geographically
it is more important for Latin America, Sub-Saharian Africa and for North America (this is
due to USA). In cultural terms it seems to be more important to Spanish speaking countries
(a result that anyway is due to the fact that most countries are from South America) and to

Commonwealth countries . In terms of economic division it seems to affect more developing
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Table 1.7: Comparision of variance decomposition averages of possible regions

1st Factor 2nd Factor 3rd Factor 4th Factor Idioss. .
comp.
World 0,2238 0,1053 0,0988 0,0704 0,5017
Geographical Divisions
Europe 0,3688+ 0,0695 0,0834 0,0500 0,4283
America (North and South): 0,2270+ 0,1554+ 0,1080+ 0,0449 0,4647
North America 0,5085+ 0,1073+ 0,0122 0,0509 0,3211
South America 0,1867 0,1623+ 0,1217+ 0,0441 0,4852
Africa: 0,0893 0,1606+ 0,0455 0,0650 0,6400
North African Countries 0,0232 0,0279 0,0511 0,1131+ 0,7847
Sub-Saharian Countries 0,1141 0,2103+ 0,0434 0,0470 0,5852
Asia: 0,1070 0,0374 0,1781+ 0,1394+ 0,5381
Developed Asia* 0,2187 0,0356 0,0963 0,1619+ 0,4875
Developing Asia* 0,0326 0,0386 0,2327+ 0,1245+ 0,5716
Oceania 0,1441 0,0803 0,0691 0,1524+ 0,5541
Developed Asia*+Qceania 0,1938 0,0505 0,0872 0,1587+ 0,5098
Cultural Divisions
Anglo-Saxon countries*** 0,3259+ 0,0812 0,0494 0,1218+ 0,4217
France, former colonies
and Belgium (4%) 0,1914 0,0587 0,0757 0,0676 0,6066
German speaking countries(5*) 0,4773+ 0,0481 0,031 0,1274+ 0,3162
Spanish speaking countries(6*) 0,1994 0,1514+ 0,1309+ 0,0412 0,4771
Commonwealth countries plus HK(7*) 0,1756 0,1228+ 0,062 0,0827+ 0,5569
Economic Divisions
High Income countries** 0,3503+ 0,0663 0,0820 0,0771+ 0,4243
Developing countries: 0,1249 0,1161+ 0,1161+ 0,0671 0,5758
Low Income countries** 0,1014 0,1254+ 0,0526 0,0418 0,6788
Lower-middle income countries** 0,1218 0,116+ 0,1166+ 0,0851+ 0,5605
Upper-middle income countries** 0,1683 0,1024 0,2102+ 0,0571 0,462
Severely or moderately indebted** 0,0952 0,1565+ 0,1226+ 0,055 0,5707
Less indebted or not classified** 0,2914+ 0,0784 0,0863 0,0785+ 0,4654

* According the high-not high income division used in the economic groupings
** According to the world bank classification
*** Australia, Canada, Ireland, New Zealand, USA and UK
(4%) France, Belgium, Senegal, Morocco, Algeria, Tunisia, Cote d’Ivoire and Rwanda
(5*%) Germany, Austria Switzerland and Netherlands
(6*) Spain plus South America without Brazil
(7%) England, Ausicralia, Canada, NCW Zealand, Gfmlbia, Ghana,
India, Malaysia, Pakistan, Zambia, South Africa and Hong Kong
+ Above world value
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and severely or moderately indebted countries than the others. But in those groups the
weight of Sub-Saharian Africa and Latin America drives the result.

From those results is hard to find a common characteristic. On one side it seems that
is affecting low or lower-middle income. countries, but how do we explain afterwards the
importance for USA or the aggregate of Commonwealth countries? So we will not associate
it directly with a certain economic, cultural or regional division. It seems more a factor
that has affected USA and contaminated countries in South America, Africa, in the Pacific
region(New Zealand and Korea) and in Europe (as for instance Denmark, Sweden, UK and

Germany).

The third factor seems to be affecting mostly middle income countries mainly in Asia and
Latin America. Furthermore if we perform the factor estimation only for OECD countries this
third factor is not identified, which did not happen with the remaining estimated common

components. This fact leads us to associate this factor with middle-income economies.

As for the fourth factor if we look to geographical divisions it seems to be associated
with Asia and Oceania. However also the North African countries and from the cultural
groupings the Anglo-Saxon and the German speaking countries are also more affected than
the world average. Therefore, like the second common component, we will not associate it
with a certain group of countries but we will consider it as a factor that bridges different

countries across the world.

From the previous tables we may say that the first factor is more important to developed
countries than for the others; anyway it encompasses all the world. Our conclusion is that
it is a world component that has its origin in the developed countries and spreads toward
the developing world. In this sense we can define the high-income countries as a region in
substrictus sensus.

The third common component seems to be almost specific to middle income countries
(even if it is also transmitted to developed countries of Asia). Therefore it will define the
middle income countries as our second region in substrictus sensus.

Finally, the other two common components seem to, at least, form a bridge across coun-
tries that in geographical, cultural or economical terms would belong to different groups.
In this sense they are global or supra-regional components not defining any set of countries
as a region.

In conclusion, we can define two regions in substrictus sensus: the high income and the

middle income countries as they seem to have a specific common component. A third group
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would be the lower-income countries due to the absence of a specific factor. In fact, for them
it seems that they are the ones more detached from the global commovement as it is for this
group that the idiosyncratic component has the higher importance. Therefore they seem not

only outside the global world cycle but also undetached from any region.

1.3.2.5 Clustering analysis

From the previous section the only set of countries that could be called regions sub-
strictus sensus would be the broad economic division between developed and middle-income
countries. However, this does not mean that countries in those areas have similar business
cycles as their structural dependence from the different common components might differ.
This section tries, by clustering the countries!®, to see if we can group countries according

to that structure, thus defining regions in latus sensus.

Hard clustering
The first technique used was the hard cluster that groups together the countries for which
the distance between their characteristics is smaller.

In the first method the distance between any two countries is measured only by the

loading distance:

T

deves = | D (A1) = (07))° (1.4)

i=1

where: ()\fj ) is the loading of factor ¢ to country c;, j=1,2.

By not considering the idiosyncratic component we just verify which countries are more
similar in their structure of dependence relative to the common factors. However this measure
does not take into consideration if the dependence rate from common factors is high or not.
Therefore it just measures how similar is their dependence from the common factors, not
commovement.

To take into account commovement we have to consider the importance of the idiosyn-

cratic component.

r

derez = | S (A) = (A2))7 + (s1)2 + (52)2 (1.5)

i=1

10The clustering techniques were applied to a restricted model, where the loadings that were not signifi-
cantly different from zero at least at 5% level were set to zero.See appendix 1.E for a short decription of the
method.
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2

Where:()\fj ) is the loading of factor i to country ¢; ; (s%)? is the importance of the

idiosyncratic component of country c; to it’s business cycle and j = 1, 2.

In this way even if the structure dependence from common factors is similar but weak, and
therefore the countries business cycle is mainly influenced by the idiosyncratic components,
they will not appear in the same group but apart. In this case, countries that cluster together
do not only have a similar structure of dependence but also commove. We can say that those
business cycles are more synchronized.

We implement these ideas first for the OECD countries and then for the sample as a
whole.

From figure 1.4 and making the divisions when a group of more than two clustered
countries joins with another group we can identify three central groups. The first composed
by Austria, France, Japan, Spain, Portugal and Ireland. The second has Belgium, Italy,
Switzerland, Luxembourg and Netherlands and the third Denmark, Greece, Germany and
USA. These three groups cluster together before any other remaining country. They seem
to form a core.

As for the remaining countries, five have a distance to these three groups that is not large:
Australia, Iceland, Canada, UK and Finland. The remaining ones seem to have a structure
of dependence from the common factors more dissimilar to the three central core groups.
These countries are Mexico, Sweden, Turkey, Norway, South Korea and New Zealand,

Looking at the figure 1.5 the picture has some differences. A first group is composed by
France, Japan, Spain, Portugal, Belgium, Italy, Switzerland Netherlands and Finland and
the second is composed by Denmark, Greece, Germany, USA and UK. As we can realize, in
terms of commovement the first group cluster together the first two groups of the previous
analysis as the second one is the third group of the previous analysis.

Therefore it seems that the OECD can be characterized by a core, itself divided into two
groups (or regions in latus sensus). The first can be called the French-Japanese group as it
clusters France, Japan, Spain, Portugal and probably Belgium, Italy, Switzerland Nether-
lands and Finland. The second can be called the USA-German one as it includes both
countries, Denmark, Greece and probably the UK. The remaining countries are a periphery
to these two groups. Being that those that are further away in terms of comovement are also

less similar in terms of structure: Sweden, Turkey, Norway, South Korea and New Zealand.

The next two figures (1.6 and 1.7) show the cluster tree for all countries. From figure 1.6
we get a rather complex image. However we can see that the sub-group IIC is composed by

Austria, France, Japan, Spain, Portugal and Ireland and IID includes the USA, Germany,
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Figure 1.4: Hard Cluster for the OECD with the loadings and without the idiosyncratic

component
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Figure 1.5: Hard Cluster for the OECD with the loadings and the idiosyncratic component
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Greece and Denmark plus Honduras and Costa Rica. Therefore the French-Japanese and

the American-German groups are also identified as before.

As before the French-Japanese group does not cluster immediately with the American-
German one. First it clusters together with an aggregate composed by the groups IIA!!,
IIB'? | Belgium and Netherlands. Finally a number of countries cluster subsequently, being
these Algeria, Canada, Hong-Kong, Finland and UK as well as an African grouping: Cote
d’Ivoire, Turkey, Gambia and Senegal. The remaining countries appears in group I or III
being the first those with weak links with the common components and the latter with more
dissimilar structure.

From the commovement analysis, figure 1.7, there are only two groups surviving: the
French-Japanese composed by France, Japan, Spain, Portugal, Belgium, Switzerland, Italy,
Finland, Guatemala and Netherlands. Therefore in terms of commovement the French-
Japanese identified in terms of structural similarity loses Austria and Ireland but aggregates
the previous group IIB (without Luxembourg) and the two intermediate countries (Belgium
and Netherlands). The second group is the American-German as defined before plus the
United Kingdom.

Therefore it seems that those two groups form a center (where only three developing
countries seem to commove with: Guatemala, Costa Rica and Honduras). On the other
side, of the twenty countries that commove less with this center we only have four OECD

countries: Sweden, Norway, New Zealand and Turkey.

Fuzzy clustering
However the last approach has the limitation that allocates a country to a certain group,
and sometimes the country position may be halfway through two centers, in that case the
method allocates it arbitrary to one of the groups. In order to correct that shortcoming
this subsection presents the results for fuzzy clustering, where countries are not allocated
certainly to a group but will be given a probability measure of belonging to the several
groups.

The study was done without the idiosyncratic component, hence, it is just checking for
similar dependence on common factors.

The first problem is to decide for the number of clusters. One indicator is the normalized
Dunn-coefficient that measures how much is the fuzzy clustering close to a hard cluster.

However this measure has the backdrop that its limit is one when the number of clusters

"1Composed by Australia, Iceland, Colombia, Chile and Ghana.
12Composed by Guatemala, Luxembourg, Italy and Switzerland
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Figure 1.6: Hard Cluster for the world sample with the loadings and without the idiosyncratic

component
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Figure 1.7: Hard Cluster for the whole sample with the loadings and the idiosyncratic

1.3. EMPIRICAL WORK
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36 CHAPTER 1. HOW PERVASIVE IS THE WORLD BUSINESS CYCLE?

aproach the number of countries. A second criterion would be to select the number of clusters
that would give the maximum value for the cluster silhouettes average.

Using this criterion for the OECD countries it selected 4 as the number of clusters. The
next figure shows the cluster composition and the country silhouette (the complete table is
in appendix 1.F - table F1 ).

Figure 1.8: Fuzzy clustering and country silhouette
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From figure 1.8 we can see that the French-Japanese group appears in Cluster 3. In this
case France, Japan, Spain, Portugal and Ireland seem to have a high probability of belonging
to this group (high silhouettes and in table F1 higher probabilities), as Finland, Belgium
and Austria have somewhat a lower probability of being part of this group.

It is in Cluster 4 that we find the German-American group with USA, Greece and
Denmark having a quite high probability of being part of this cluster as UK and Germany

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120



1.3. EMPIRICAL WORK 37

have a lower degree of association. In fact from table F1 in appendix 1.F this two countries
also have high probabilities of belonging to other clusters, which leads to the idea that the
UK and Germany are the connectors between the USA and Europe.

Finally in group 1 we find the countries that have lower dependence from the common
factors as in group 2 we find the remaining countries. We should say that the degree of

association of these two clusters is somewhat lower than the other two

For the world sample the method selected 7 clusters. Figure 1.9 shows the cluster

composition and the country silhouette (the complete table is in appendix 1.F - table F2)

Figure 1.9: Fuzzy clustering and country silhouette
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The first observation is that there is a clear division between developed and developing

countries. The first are concentrated mostly in cluster 1 and 2 as the latter are hardly present
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in those clusters (just Algeria, El Salvador and Honduras in the first cluster and Guatemala
in the second) and compose the other 5 clusters.

The second is that cluster one is the German-American group and the second is the
French-Japanese group that includes some more countries relative to the previous figure
(Guatemala, Italy, Luxembourg, Netherlands and Switzerland). Also here Germany and the
UK have a lower association with cluster 1 than the USA. As before, if we look to table
F2 in appendix 1.F we can realize that these two countries also have a higher probability of
belonging to cluster 2. Once more, we can reach the same conclusion as before: Germany and
UK bridge the cycles between the USA and the French-Japanese cluster (mainly Europeans
countries).

Aside cluster 7 that seems a Southeast Asiatic group (Hong Kong, Malaysia, Philippines,
Singapore and Thailand) the remaining do not seem to have any geographical or cultural

common characteristic

1.4 Conclusion

As a main conclusion, if we want to characterize the world business cycle we should
consider the existence of more than one component, even if the first estimated factor is the
more all encompassing of them all and can be used to summarize the world fluctuations.
This conclusion has some similarities with those of Bayoumi and Helbling(2003). In their
study, using a different approach, they also found that the common variations across the G7
countries were due to two components. They interpreted the first component as reflecting
common global shocks, and the second reflecting country shocks that were transmitted to
other countries. In the present study I do not go as far as to give a formal interpretation
of the four components, however the first component has many similarities with the world
business cycles estimated in other papers.

A second conclusion is that most of the developing countries are very weakly linked to
the different components of the world business cycle. This results are in line with those
found in Kose et al.(2003) and Mansour(2003). Also those studies showed that most of the
developing countries’ cycles are idiosyncratic.

The third and main conclusion is about regional composition. Even if the first common
component has a statistically significant impact on most countries in the world, its impor-
tance is higher in high income countries. In this sense those countries can be defined as a
region in substrictus sensus. The third common component affects mostly middle income
countries and therefore we can group those countries as a second substrictus sensus region.

The other common components bridge different groups, and there is no further evidence for
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distinctive geographical or cultural regions. Therefore this study confirmed the research of
Artis(2003) that found if there existed a European region also Japan and USA would be
part of it (rendering it non-European) and of Baxter and Kouparitsas(2004) that found that
the only indicator that explained commovement was whether a country is developed or not.

Inside those substrictus sensus regions we can find further subdivisions regarding the
dependence structure from the different factors. In the high income countries we found
evidence of two groups that we label the French-Japanese and the German-American groups.
These two groups are evident if we speak about similar structure or commovement and
therefore they form regions in latus sensus. Furthermore these two groups seem to form
a world core in terms of commovement as the remaining countries seem to be peripheral,
being that the developing countries are the ones that commove less with this center. Also,
Germany and the UK although part of the USA-German group seem to be the countries
that link these two groups.

In the middle income countries we found a South East Asiatic group that has a similar
dependence structure but do not commove. This leads us to consider that those countries
may be starting to form a group but their integration is still not strong enough to classify
them as a region in latus sensus.

Finally the limitations of the work should be pointed out: in the first place we should
note that the statistical inference was done using the asymptotic distribution. That raises
the question whether this distribution is close enough to the finite sample distribution to be
reliable. To try to answer that question a small Monte-Carlo is presented in appendix 1.G,
where the finite distribution of the common component and the asymptotic distribution are
compared.

Second, the factor model is static, and does not capture potential dynamics in the trans-
mission process from the world business cycle to each country.

Third, it assumes that the importance of the factors is constant through time. Therefore,
to try to include some variation across time on the loadings as Stock and Watson(1999)
suggest could help into getting a clear idea of the world synchronization and how it has
evolved.

Finally, the model does not try to explain what the factors are. Previous studies using
factors were unable to find a single variable that could explain the factors’ variation and
therefore the identification of what it is that the factors are depicting is still a open question.

These two last issues, the variability of loadings and an attempt to identify what the

common components are describing are left for future work
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Appendix 1.A List of countries

Table Al: List of countries

1 (ALG) Algeria 21 (GHA) Ghana 41 (PER) Peru

2 (AUS) Australia* 22 (GRE) Greece* 42 (PHI) Philippines

3 (AUT) Austria* 23 (GUA) Guatemala 43 (POR) Portugal*

4 (BEL) Belgium* 24 (HND) Honduras 44 (RWA) Rwanda

5 (BOL) Bolivia 25 (HKG) Hong Kong 45 (SEN) Senegal

6 (BRA) Brazil 26 (ICE) Iceland* 46 (SIN) Singapore

7 (CAN) Canada* 27 (IND) India 47 (SAF) South Africa
8 (CHI) Chile 28 (IRE) Ireland* 48 (SPN) Spain*

9  (CHN)  China 29 (ITA)  Italy* 49  (SWE)  Sweden*

10 (COL) Colombia 30 (JAP) Japan* 50 (SWI/CH) Switzerland*
11 (CRI) Costa Rica 31 (KOR) Korea (South)* | 51 (THA) Thailand

12 (CIV) Cote d’Ivoire 32 (LUX) Luxembourg* 52 (TUN) Tunisia

13 (DEN) Denmark* 33 (MAL) Malaysia 53 (TUR) Turkey*

14 (DOM) Dominican Rep. | 34 (MEX) Mexico* 54 (UK) Un. Kingdom*
15 (ECU) Ecuador 35 (MOR) Morocco 55 (USA) USA.*

16 (ESV) El Salvador 36 (NTH) Netherlands* 56 (URU) Uruguay

17 (FIN) Finland* 37 (NZL) New Zealand* 57 (ZAM) Zambia

18 (FRA) France* 38 (NOR) Norway* 58 (ZIM) Zimbabwe

19 (GAM) Gambia, The 39 (PAK) Pakistan

20 (GER) Germany™* 40 (PAR) Paraguay

* - OECD countries.
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Appendix 1.B  Country cycles

Figure B1: 1st set
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Figure B2: 2nd set
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Figure B3: 3rd set
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Figure B4: 4th set
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Appendix 1.C Are the idiosyncratic components cross-heteroscedastic?

The next graphics show the variance of the estimated residuals for the model without
standardizing the data.

The world sample depict quite high cross-section heteroscedasticity Therefore this gives
us some support for standardizing the data as we can see in the next appendix whenever there
is cross-heteroscedasticity the method always overestimate the number of factors whenever

we do not standardize the data.

Figure C1: Estimated variance of the residuals
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Appendix 1.D Monte Carlo simulation for detecting the number of common
factors

This simulation tries to see how many factors do the IC indicate for the factor model:

X = NF, +ey=Cy+ey
i = 1,2,3,.. Nandt=1,2,3 .. T

in which the number of factors was fixed at 2, 3 and 4. The factors are AR(1)processes
described by:

Ft = 0.5 Ft—l + &

€; are i.i.d.; randomly generated with variance equal to 1

The loadings \, were generated randomly.

As for the idiosyncratic component e; I considered two cases:

!
e;e;

— Cross-heteroscedastic: = 0.1 for 411 of the series;

T
le; .
eiﬁ’ =1 for % of the series
7. .
6; =10 for 4—11 of the series
/. .
— Cross-homoscedastic: <t = 1 for all the N series

T
Being 7' = 32 and N equal to 26 or 59.

In both cases they are non-serial and non-cross correlated and homoscedastic on the time
dimension.

The number of replications was 5000, and were done for standardized (Std) and non-
Standardized (non-Std) data.

From table D1 we realize that if the data is cross heteroscedastic the IC with non-
standardized data select a number of factors higher than the true one. With standardized
data the IC select a smaller number of factors than with non-standardized data but in any
case higher than the true number. From the three IC the one that gets a number closer to
the true number is the 1C2.

In the case the data is cross-homoscedastic (see table D2) the IC1 and IC2 with non-
standardized data get values very close to their true number (in any case IC2 is more precise).
If we standardized the data both IC (1 and 2) would select a number bigger than the true

one.
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Table D1: Cross-Heteroscedastic data

2 factors 3 factors 4 factors
Std non-Std | Std non-Std | Std non-Std
IC1 | N=26 | 5.47 5.94 5.99
(1.177) | (0.0) (0.346) | (0.0) (0.133) | (0.0)
N=59 ) 5.76 3.70 | 5.87 515 | 5.91
(0.401) | (0.788) (1.01) | (0.473) (0.88) | (0.34)
IC2 | N=26 | 2.65 4.55 | 5.99 5.50 | 5.97
(1.294) | (0.031) (0.327) | (0.114) (0.807) | (0.23)
N=59 3.152 3.06 | 4.16 4.20 | 5.01
(0.045) | (1.492) (0.281) | (1.24) (0.525) | (0.88)
IC3 | N=26| 6 6 6 6 6 6
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0)
N=59 | 5.95 6 6 6 6 6
(0.34) | (0.0 (0.0) (0.0) (0.0) (0.0)

Table D2: Cross-Homoscedastic data

2 factors 3 factors 4 factors
Std non-Std | Std non-Std | Std non-Std
IC1 | N=26 | 4.11 2 4.92 | 3.02 . 4.05
(1.56) | (0.063) (0.111) | (0.125) (0.781) | (0.231)
N=59 | 2.08 2 3.29 3 4.33 4
(0.331) | (0.0) (0.061) | (0.0) (0.572) | (0.0)
IC2 | N=26 | 2.28 2 3.54 3 4.44
(0.712) | (0.0) (0.779) | (0.0) (0.644) | (0.032)
N=59 3.04 3 4.09 4
(0.063) | (0.0) (0.219) | (0.0) (0.320) | (0.0)
1IC3 | N=26 6
(0.0) (0.017) (0.0) (0.0) (0.0) (0.032)
N=59 . 2.02 5.84 | 3.21 5.92 | 4.348
(0.949) | (0.318) (0.499) | (0.572) (0.313) | (0.628)
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Appendix 1.E  Short description of the clustering method

1.E.1 Hard cluster trees
The hard-cluster trees are built by applying the following steps:

1. Compute the following distances for all pair of countries:

2
1A Without the idiosyncratic component | dg e = \/ Yoy (()\51)2 — ()\;»32)2)

2
1B With the idiosyncratic component dete2 = \/Z:ZI (()\fl)Q — (/\52)2) + (s°1)2 4 (s2)2

where ()\fj)2 is the importance of factor i to country cj;, j = 1;2 and (s9)? is the
idiosyncratic component of country cj national cycle, j = 1; 2.
2. Find the minimum value,
If the minimum value is between two original countries go to 3A.
If the minimum value is between a clustered group and other country or clustered
group go to 3B
3A Delete those two countries from the sample and add an artificial country where the
loadings are equal to the average of the clustered countries.
3B Delete the clustered groups and add an artificial country where the loadings are
equal to the average of all clustered original countries.

4 Go to step one.

1.E.2 Fuzzy cluster

For the fuzzy clustering we minimize the following objective function using the algorithm

described in Kaufman and Rousseeuw (1990):

K Zuww( 7)

Z i,j=1
N
=1 2
v 2 Z uj'u
Jj=1

where K is the number of clusters and N is the total number of countries; d(7; j) is the
distance between country i and j defined in 1A of the hard cluster tree algorithm and w;,
stands for the membership of country ¢ in cluster v;

The normalized Dunn coefficient is given by:

DC - (1/K)
NDC = ————= ToO/K) where DC = ;;uw/n
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If NDC = 0 complete fuzziness, if NDC = 1 perfect hard-clustering

The silhouette value for each country is a measure of how similar that country is to
countries in its own cluster against. countries in other clusters and ranges from -1 to +1. It
is defined as:
min[b; — a;]

SZ‘ =
max|[b;; a;]

where a; is the average distance of country 7 to all other countries in its own cluster and
b; is the average distance of country ¢ to all other countries belonging to other cluster.

If silhouette value is close to 1, it means that sample is well-clustered and it was assigned
to a very appropriate cluster. If silhouette value is about zero, it means that the sample
could be assign to another closest cluster as well, and the sample lies equally far away from
both clusters. If silhouette value is close to -1, it means that sample is misclassified and is
merely somewhere in between the clusters.

The overall average silhouette width for the entire plot is simply the average of the S;

for all countries in the whole dataset.
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Appendix 1.F  Fuzzy cluster tables

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing

Table F1: Fuzzy Cluster Table for the OECD countries

Countries Cluster 1 | Cluster 2 | Cluster 3 | Cluster 4 C.ountry
Silhouette
Australia 0,173 0,4402 0,1326 0,2541 0,237
Austria 0,0908 0,1924 0,4761 0,2408 0,2242
Belgium 0,0537 0,3579 0,5017 0,0867 0,196
Canada 0,1295 0,4384 0,2197 0,2124 0,0655
Denmark 0,0557 0,0666 0,0656 0,812 0,5084
Finland 0,1164 0,348 0,4317 0,104 0,1717
France 0,0547 0,1459 0,6769 0,1225 0,4451
Germany 0,0693 0,2065 0,195 0,5292 0,1795
Greece 0,0393 0,0633 0,0634 0,834 0,4564
Iceland 0,1778 0,4517 0,1294 0,2411 0,2465
Ireland 0,0558 0,1512 0,7 0,093 0,4078
Ttaly 0,0399 0,7417 0,1516 0,0668 0,1676
Japan 0,0202 0,102 0,834 0,0438 0,4065
Korea 0,5246 0,1419 0,1312 0,2022 0,1597
Luxembourg 0,0254 0,7895 0,107 0,0781 0,1627
Mexico 0,2013 0,3611 0,2811 0,1565 0,0391
Netherlands 0,0762 0,4273 0,2929 0,2036 0,0317
New Zealand 0,469 0,216 0,1732 0,1418 0,1702
Norway 0,4886 0,1976 0,1214 0,1923 0,0955
Portugal 0,0159 0,0815 0,8642 0,0384 0,4394
Spain 0,0462 0,1191 0,7604 0,0743 0,5029
Sweden 0,8563 0,0527 0,0444 0,0466 0,178
Switzerland 0,047 0,6426 0,2169 0,0935 0,1302
Turkey 0,6506 0,1026 0,1013 0,1454 0,2764
UK 0,1929 0,2383 0,1944 0,3745 0,1617
USA 0,0494 0,1034 0,0736 0,7736 0,4243
Cluster Silhouette 0,176 0,135 0,3492 0,3461

Normalized Dunn coefficient = 0,2910
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Table F2: Fuzzy Cluster Table for the whole sample

Countries Clusters
Countries 1 2 3 4 5 6 7
Algeria 0,3 0,0991 | 0,1714 | 0,1955 | 0,1117 | 0,0557 | 0,0666
Australia 0,0109 | 0,0063 | 0,0052 | 0,0058 | 0,9641 | 0,0045 | 0,0031
Austria 0,1682 | 0,3484 | 0,1336 | 0,0944 | 0,0928 | 0,0633 | 0,0992
Belgium 0,067 | 0,5913 | 0,0599 | 0,0525 | 0,0883 | 0,0626 | 0,0785
Bolivia 0,0094 | 0,0097 | 0,9177 | 0,0302 | 0,0099 | 0,0164 | 0,0068
Brazil 0,0954 | 0,0889 | 0,0837 | 0,1106 | 0,4123 | 0,1409 | 0,0684
Canada 0,1667 | 0,2091 | 0,0607 | 0,0907 | 0,2428 | 0,072 0,1579
Chile 0,0949 | 0,0553 0,045 0,0475 | 0,6875 | 0,0409 | 0,0289
China 0,1357 | 0,0868 | 0,1044 0,189 | 0,2296 | 0,1449 | 0,1097
Colombia 0,0743 | 0,0596 | 0,0287 | 0,0324 | 0,7585 | 0,0246 | 0,0218

Costa Rica 0,3253 | 0,0717 | 0,0678 | 0,0761 | 0,3704 | 0,0458 | 0,0429
Cote d'Tvoire | 0,2152 | 0,0803 | 0,168 | 0,2696 | 0,0974 | 0,0731 | 0,0965

Denmark 0,7332 | 0,059 | 0,0384 | 0,0458 | 0,0618 | 0,0216 | 0,0402
Dominican Rep. | 0,017 | 0,0232 | 0,0719 | 0,1205 | 0,0278 | 0,7134 | 0,0263
Ecuador 0,001 | 0,0016 | 0,0037 | 0,0046 | 0,0018 | 0,9856 | 0,0017
El Salvador | 0,3081 | 0,0937 | 0,1077 | 0,1643 | 0,1381 | 0,0732 | 0,1148
Finland 0,0689 | 0,3219 | 0,0899 | 0,0937 | 0,1005 | 0,1542 | 0,1708
France 0,109 | 0,4612 | 0,0588 | 0,064 | 0,0705 | 0,0486 | 0,1879
Gambia, The | 0,0537 | 0,0468 | 0,2062 | 0,4114 | 0,057 | 0,1579 | 0,0669
Germany 0,3584 | 0,2208 | 0,095 | 0,0729 | 0,1453 | 0,0474 | 0,0601
Ghana 0,0745 | 0,0472 | 0,0299 | 0,0316 | 0,7683 | 0,027 | 0,0214
Greece 0,6555 | 0,0887 | 0,0566 | 0,0529 | 0,0789 | 0,0268 | 0,0405
Guatemala 0,153 | 0,4072 | 0,0519 | 0,0551 | 0,2166 | 0,0468 | 0,0695
Honduras 0,711 | 0,0433 | 0,363 | 0,0428 | 0,1192 | 0,0214 | 0,0261
Hong Kong 0,1402 | 0,1351 | 0,0696 | 0,133 | 0,1875 | 0,0961 | 0,2386
Iceland 0,0138 | 0,0083 | 0,0069 | 0,008 | 0,9531 | 0,0059 | 0,004
India 0,0625 | 0,0878 | 0,1696 | 0,317 | 0,0545 | 0,1268 | 0,1818
Treland 0,0858 | 0,5169 | 0,1021 | 0,0754 | 0,0679 | 0,0596 | 0,0923
Ttaly 0,0096 | 0,3875 | 0,0645 | 0,0662 | 0,2217 | 0,0771 | 0,0834
Japan 0,0456 | 0,7741 | 0,0252 | 0,0276 | 0,0378 | 0,0225 | 0,0673

Korea, Rep. 0,1528 | 0,0859 | 0,1045 | 0,2503 | 0,1152 | 0,1011 | 0,1902
Luxembourg | 0,1491 | 0,405 | 0,0518 | 0,0562 | 0,2254 | 0,0459 | 0,0665
Malaysia 0,0122 | 0,0228 | 0,0108 | 0,0176 | 0,0102 | 0,0128 | 0,9137
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Table F3: Fuzzy Cluster Table for the whole sample - continuation

Countries Clusters
1 2 3 4 5 6 7
Mexico 0,0727 | 0,1508 | 0,2424 | 0,1193 | 0,1211 | 0,2254 | 0,0682
Morocco 0,0014 | 0,0015 | 0,9857 | 0,0061 | 0,0015 | 0,0027 | 0,0011
Netherlands 0,1533 | 0,3529 | 0,1188 | 0,0768 0,171 0,0667 | 0,0605
New Zealand 0,0685 | 0,0817 | 0,0952 | 0,1919 | 0,1047 | 0,2915 | 0,1665
Norway 0,1156 | 0,0694 | 0,1745 0,211 | 0,2174 | 0,1513 | 0,0609
Pakistan 0,003 0,0045 | 0,0098 0,012 0,0051 | 0,9607 | 0,0049
Paraguay 0,0808 | 0,1411 | 0,1085 | 0,1082 | 0,2359 | 0,2428 | 0,0826
Peru 0,0767 | 0,0738 | 0,1241 | 0,1737 | 0,1672 | 0,3073 | 0,0771
Philippines 0,0764 | 0,1253 | 0,1379 | 0,1743 | 0,0622 | 0,1205 | 0,3033
Portugal 0,041 | 0,8157 | 0,0275 0,024 0,0333 | 0,0204 | 0,0381
Rwanda 0,0113 | 0,0117 | 0,9026 | 0,0351 | 0,0118 | 0,0194 | 0,0081
Senegal 0,0727 0,075 0,2017 | 0,2806 | 0,0683 0,175 0,1266
Singapore 0,0135 | 0,0272 | 0,0108 | 0,0172 | 0,0112 | 0,0128 | 0,9075
South Africa 0,0499 | 0,0802 | 0,1132 | 0,1159 | 0,0841 | 0,4755 | 0,0813
Spain 0,0766 | 0,4764 | 0,0565 | 0,0625 | 0,0593 | 0,0509 | 0,2178
Sweden 0,0058 | 0,0052 | 0,0253 | 0,9364 | 0,0067 | 0,0144 | 0,0063
Switzerland 0,1036 | 0,4338 | 0,0771 | 0,0633 | 0,1867 | 0,0706 0,065
Thailand 0,0409 | 0,0557 | 0,0358 | 0,0677 | 0,0368 | 0,0486 | 0,7145
Tunisia 0,0874 | 0,0659 | 0,4044 | 0,1603 | 0,1195 | 0,1183 | 0,0442
Turkey 0,0936 | 0,0577 | 0,2025 | 0,4008 | 0,0707 | 0,0943 | 0,0803
UK 0,2733 | 0,1369 | 0,0669 | 0,1079 | 0,1712 | 0,0648 0,179
USA 0,6713 | 0,0756 | 0,0374 | 0,0414 | 0,1119 | 0,0245 | 0,0379
Uruguay 0,0835 | 0,0771 | 0,1556 | 0,1653 | 0,1847 | 0,2672 | 0,0667
Zambia 0,0009 | 0,0013 | 0,0032 | 0,0041 | 0,0015 | 0,9874 | 0,0015
Zimbabwe 0,0603 | 0,1104 | 0,2113 | 0,1342 | 0,0825 | 0,3155 | 0,0859
Cluster Silhouette | 0,2206 | 0,3259 | 0,4663 0,123 0,2561 | 0,1839 | 0,3075
Normalized Dunn coefficient = 0,2887
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1.G. MC SIMULATION: THE FINITE VS THE ASYMPTOTIC DISTRIBUTION 5%}

Appendix 1.G Monte Carlo simulation to compare the finite with the as-
ymptotic distribution

This simulation tries to see if the asymptotic distribution used in the estimation and
inference of the model can approximate the finite distribution.
The model used is:

X = NF,+ei=Cy+ey
i = 1,2,3,..Nandt=1,23,.T

in which the number of factors was fixed at 4. The factors are AR(1)processes described

Ft = O.5*Ft,1+€t

€; are i.i.d.; randomly generated with variance equal to 0.75

The loadings \; were generated randomly.

The idiosyncratic component e;; were cross-homoscedastic: e’; =1 for all the N series

Being T' = 32 and N equal to 59

As the number of factors is four and have equal variance, it makes it difficult to know
which factor estimated (and respective loadings) corresponds to which true factor (and re-
spective true loadings). Therefore the study was only made for the asymptotic distribution
of the common factor, as is described in Bai(2003). He showed that:

i = Co—Cit 4, N(0,1), i=1,23,..,Nandt=1,2,..T
V- LW,
where : Vj; and W;; are described in Bai(ibidem)

~

Xri Frt)
1

@t is the estimated common component (

4
1=

4
C’g is the true common component (Z Mk
i=1

In the following graphic the histograms depict the distribution of ¢;; using the estimated
XA/,-t and /VIZ-t, and the plot of the N(0,1) density function.

As we can see for this sample, the estimated distribution has fatter tails than the standard
Gaussian distribution. Even if they are not that far from each other, rendering the use of
the asymptotic distribution useful for inference, seems that a better distribution for a finite
sample would be an improvement for this kind of studies. As final note, it does not seem

that standardizing or not the data modifies the finite distribution.
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CHAPTER 2

CONSUMPTION SMOOTHING AT BUSINESS CYCLE
FREQUENCY

2.1 Introduction

A substantial number of papers have been written on the symmetry of business cycles
across countries'. While those papers concentrate on the symmetry of fluctuations in output
or in general economic indicators, the agent’s utility is usually depicted as a function of
consumption and leisure. Therefore, if the agent can smooth her utility over the cycle by
intertemporal substitution and/or international risk sharing, the degree of symmetry of the
output business cycle is of little importance, as consumption should respond only to world-
wide output variations. To accomplish this, there are several ways in which the agent is able

to risk share the country specific shocks to output.

The first one is through portfolio diversification. As Obstfeld and Rogoff (1996) show,
using a modified version of Lucas (1982) model, agents would optimally hold a diversified
portfolio of financial assets in which the importance of each country’s asset would be pro-
portional to that country’s economic wealth. In this framework the consumption level would
only vary according to world output fluctuations and not to country specific ones. However,
French and Poterba (1991), Lane (2000) and Kraay et al. (2000) show that countries do not
optimally diversify their portfolios, having most of their wealth invested in home assets?.
The main arguments given to explain this behavior are financial transaction costs ®; the

existence of non-tradable goods* and the regulation of financial markets®.

!Some recent studies on business cycle syncronization at an European level are Artis et al. (1999 and
2003), Wynne and Koo (2000), Altissimo et al. (2000) and Forni and Reichlin (2001).At a world level we
have Gregory et al. (1997), Andreano and Savio (2002), Helbling and Bayoumi (2003), Bordo and Helbling
(2003), Lumsdaine and Prasad (2003), Mansour (2003), Kose et all. (2003) and Cerqueira (2005).

2In the literature this is known as the home bias puzzle.

3Cole and Obstfeld (1991) estimated that the welfare gains from portfolio diversification are very small,
therefore small impediments can avoid the agents to diversiy their portfolios. However, Van Wincoop (1994)
and Tesar and Werner (1995) dismissed this argument. The first by showing that the gains from portfolio
diversification can be much higher than those estimated by Cole and Obstfeld; the second by noting that
the turnover rate on equities is higher for non-residents than for residents.

4Therefore consumption of this kind of goods would not be risk-sharable.

°In every year from 1966 to 1994 the proportion of countries with international capital market restricitons
was around 75%, Lewis (1996) .

61

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120



62 CHAPTER 2. CONSUMPTION SMOOTHING AT BUSINESS CYCLE FREQ.

The portfolio diversification channel is an ex-ante insurance mechanism, as it will work
automatically in the presence of asymmetric shocks. We will call it the portfolio diversifica-

tion or asset market channel.

Even if agents do not optimally diversify their portfolio, they can still engage in risk
sharing behavior by using the international credit markets (by lending and borrowing) ad-
justing their consumption level. In fact, in general equilibrium models with imperfect finan-
cial markets, where only an international bond can be traded and in the absence of other
costs/rigidities, the cross country consumption correlations are higher than output correla-
tions, indicating that there is some amount of risk sharing (see Baxter and Crucini (1995)
or Kollman (1996) ). Even if we introduce some modifications to the base model like im-
perfect substitutability between home and foreign goods it is only for very low levels of the
elasticity of substitution that the cross-correlation of consumption is lower than the one for
output, see Corsetti et al. (2004 ). In the case of trade costs (as for example in Ravn and
Mazenga(2004)°%) or the existence of non-tradables (for a recent paper where tradability is
endogenous see Ghironi and Melitz (2004) ), the consumption cross-correlation level drops
but continues to be, in most cases, higher than the output cross-correlations. There are
some exceptions as in the models presented by Ubide (1999) and Olivero (2004), the first
by introducing shocks on the firms mark-up and government expenditures, the second by
introducing an oligopolist banking system.

The use of the credit markets is an ex-post insurance mechanism, as it is put in practice
after the revelation of asymmetric shocks. Moreover in practical terms it is difficult to
disentangle this risk-sharing mechanism from inter-temporal smoothing through savings,
therefore in the empirical part of the paper we will call it the credit market or savings

channel.

Notwithstanding the prediction of the majority of theoretical models, the observed cross-
consumption correlation across countries is inferior to the output cross-correlation’ giving
rise to the consumption correlation puzzle®; moreover, a number of empirical studies that

have tried to measure the amount of risk sharing * have found that the amount of risk sharing

5Even if Rogoff and Obstfeld(2000) argue that trade costs solve the consumption correlation puzzle. See
also the criticism from Engel(2000).

"See Backus et al. (1995) or Hess and Shin (1997).

8We should refer that, adding to the previous exceptions, also the presence of taste shocks can reduce the
gap between the cross-correlations observed and the ones given by the theoretical models as it is shown by
Stockman and Tesar (1995), even in the presence of complete asset markets.

9See Lewis (1996), Asdruballi et all. (1996), Sorenson and Yosha (1998a, 1998b, 2000), Arreaza et all.
(1998); Kalemli-Ozcan et all. (1999), Crucini (1999), Melitz and Zummer (1999), Del Negro (2000), Artis
and Hoffman (2003) and Marinheiro (2004).
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2.2. A SIMPLE THEORETICAL MODEL 63

is relatively small, far from perfect and that the bulk of smoothing is done through the credit
markets/saving channel. Even if those articles have shed some light on how risk sharing is
achieved, the fact is that, when trying to measure the different channels they are only able
to do aggregate estimations (the EMU area, the US States, etc.). Once the number of

countries/regions is reduced the methods lose power making inference difficult.

In this chapter I purpose to use a factor model!’ to perform this study using a Bayesian
method purposed by Otrok and Whiteman (1999) to calculate the distributions of the es-
timated parameters. The use of factor methods has the advantage that panel information
can be used in order to get more accurate estimators while it can retrieve estimators for
each individual/country in the sample. In this way we will be able to estimate the different

channels of risk sharing and consumption smoothing for each country.

The next section derives a simple theoretical framework of how international risk sharing
is achieved and how can it be related to the empirical methods used. The following section
describes the empirical method, the data and the results. The final section concludes the

chapter.

2.2 Risk sharing and international consumption smoothing: a simple theo-
retical model

The model presented is a "demonstration model" to illustrate how international risk
sharing works and how can it be related to an empirical factor model. This section is
divided into four subsections. The first presents a model where markets are complete and
so risk sharing is complete too; the following considers that not all agents have access to
the financial markets and so the risk sharing measured at country level is incomplete. The
next section considers the case when only an international bond is traded and compares the
results with those of the previous models. The last section considers the previous models
in the presence of taste shocks, as this kind of shocks can account for the consumption

correlation puzzle as is described by Stockman and Tesar (1995).

2.2.1 Complete markets and full risk sharing

Consider an endowment economy with n different countries, where all produce the same

internationally tradable homogeneous good, having in equilibrium the same GDP per capita

10T he first to use a factor model to study this issue was Del Negro (2000), however the estimation methods
used did not allow him to disentagle the parameters for individual regions.
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64 CHAPTER 2. CONSUMPTION SMOOTHING AT BUSINESS CYCLE FREQ.

(71) At each point the world economy is hit by a shock (€}”) which causes world output
(Y;*) to deviate from it’s steady state (Y ):

VY=Y (1+e)=Y +7 . (2.1)

Each country ¢ is subject to this worldwide shock with different magnitudes that can vary
through time (%) plus an asymmetric shock (€!):

Y=Y (148" +€)=Y +V B’ +7 . (2.2)

such that cov(el; ei) = 0. Aggregating the n economies we have that:

V' = ZYti:Z(Y‘i‘Y B! +Y' Et): (2.3)
i=1 i=1

= YV ey sV +Y Vi
i=1 i=1 i=1
Equating equations (2.3) and (2.1) :
S,V
ST A (2.4
S Y e =0

which implies that: '
rLBY
ZZZJ—ﬁt—i =1 (2.5)
e Y

in words, the weighted average impact of the world shock is 1.

At each point in time, consumers in each economy will try to maximize their lifetime

utility (small letters denote per capita values):

maXU( N = maXEt (Z St T)) (2.6)

T=t

s.t: ZPZy’T = ZPZCZT
i=1 i=1

where: ci per capita consumption in country ¢
yi per capita output in country ¢ and
P, is the " country population and

E; denotes the expectations at t. (2.7)
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If we consider that there are complete asset markets, the optimal solution for each

consumer would be equal to the social planner’s problem that would maximize the sum of
individual utilities:

n n +oo
max Z U(C") = max Z w;. (Z (5Tt.u(cfr)> (2.8)
¢ = -

T=t

s.t: zn:szi = ZH:PZ».ci
i=1 =1

where: P, is the world population.

It can be shown that in this economy the agents consumption would depend only on
the worldwide deviations from the equilibrium, and not on the asymmetric shocks. The first
order conditions at each point in time of the problem depicted by (2.8) are:

{ Do) = PA & () = P,

A (29)
Y Pryr =22 Pig
The marginal utilities are all equalized, therefore ¢! = ¢/ .implying!':
Y Py = Pt (2.10)
i=1
e =X
==
t Pw
, yw
& P =P o
[ 2
= 27* = wi.Y;“’
and therefore:
0% vV, VW w -Pz W oW w <7t -Pz W
Cyr=w (Y +Y et):P—.(Y +Y €)=Y +P—.Y € (2.11)
As GDP per capita in the steady state is equal across countries, then:
Pi W <5
P—.Y =Py“'=Y (2.12)

'From now on the * denotes the consumption level of the representative agent (ci’*), the aggregate

consumption country level (C}"*), or the relative deviation from the steady state (AC}"*) when there is full
risk sharing.
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Therefore equation (2.11) can be written as:
CH* =Y +7 e o ACH* =€ (2.13)

So, in this framework, the asymmetric shocks would be perfectly smoothed and con-
sumption would respond to the worldwide average effect of the world shock and not to the

specific impact on each country.

2.2.2 Limited participation in the financial markets

If we consider that in each country part of the population is excluded from the financial
markets'?, living in financial autarky, the problem would have to be split into two parts: the
optimization problem for the agents with access to financial markets (denoted by F') and for
those who are living in financial autarky (denoted by F'A) .

In this case we can define the world shock as the deviation of aggregate world income

for agents with access to financial markets from its equilibrium:
Yor =7 1+ er) =7 + 7" e (2.14)
Therefore in each economy, output evolves as:
; i i v i w | iy, A i ow | i
Y=Y, "t Y, M-y L+ P’ +e)+Y " (1456 +¢€) (2.15)
Linking equation (2.15) and (2.14) we have that:
s A
—i ; —w n yhlgi
R A G (2.16)
S Y g =0

The world economy, as a whole, evolves as:

A (L yulA Z <Yt¢,F 4 W*,FA) _
i=1
n

= Y [T+ + )+ 0+ B+ )| =

i=1
n n

= 7'+ (?‘”F + Z?”FAB;) R I G
=1 1=1

12Both internal and internationally. If they were able to access internal financial markets they could
smooth consumption with the agents which have access to international markets. The latter would borrow
more than they would need in order to lend to the other ones.
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Note that if the share of people living in financial autarky is zero we would be back with
our initial problem depicted by equations (2.1) to (2.8).

Those who live in financial autarky would consume:

As for the financially integrated agents the problem can be set as a social planner max-

imization problem:
n ‘ +oo .
max Z sp By <Z 5T_t.u(cf’l)> (2.18)
-
s.t:ZPi.( — sh ). ZP (1 — 85 4).cE
i=1

where s% , is the share of people living in financial autarky

and CTF " is the per capita consumption of the financially integrated people

maximizing the previous problem we would get that cf " would be equal in all countries
therefore:

n

o N (Pylsh) = 2.19
Cy Z;l 1( Si;‘) Z( jyt SF) ( )
1 - . . .
= o Y (B G )k =
J

v

j=1

v

Z] 1(Pj-5%) j=
> 1(PF zn:(Y 1+ﬁ]et+e§)>

Jj=1

The overall consumption in the economy would be:

i = oMot = (2.20)

n

. pPr i ‘ ,
= <Y +Y Bl +Ye§FA> .S;A+n—lF.Z(YJ’F.(1+6§.e;”+e;))
2 (P) =

from equation (2.16) >, <7j’F.5i> =0and ) VZFB;G? = W’F.ef’, therefore:

' —i —i ; —i,FA ; ) S —
O = (Y ALY gler 4 7 et’FA) oY 14 e
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—w,F —i,F
As GDP per capita in steady state is equal (’;w—F =Y ), then:

o
Ci= (Vv gl e V) T (e 4 1) =
Y +Y ((S}Aﬂi + s}) € + S}A.ei)
Therefore the evolution of each economy can be characterized as:
Y/ = Y (148" +6) (2.21)
Ci = YV +Y7 ((S%Aﬂi + 5%) € + St a€))

re-labeling Y' = '3 in the second expression and dividing each by the equilibrium level

we get!*:
AY! = BLe’ + ¢ (2.22)
ACY = (spa-Bi+sp) € +spae
The non-smoothed ratio would be: %Where AC* and AY™* are, respectively,

the deviation of consumption from the equilibrium for country ¢ and the world output
deviation from equilibrium if risk sharing was complete, which from the model in section
2.2.1 would be AC} = AY,"" =€l :

AC] — ACy _ [(s54-B1 + 5%) € + stp.€l] — [€}] _ (2.23)
AY/ — Ay [Bie2 + ei] — [e¥] '
Spa-(Bt — 1)-€ + spa-i _ (B, —1)-e +¢ g
(B — e + 6 - g

We obtain the same result if we build the previous ratio due to the asymmetric shock:

[Sia-€,] = [0]

- R (224)

or due to the asymmetric impact of the world shock:

[(a-Bi+ s) ] =[] _ (spac(80) + ) & = (sha + )t spa(Bi=1)
[81.e] — [ev] Blew —ep (B - 1) 4
(2.25)

13 As we are working with an endowment economy, in the steady state total consumption in country i is
equal to its own total production.

!4Note that, if the percentage of people with access to finantial markets is equal across countries, the
consumption equation would be:

AC; =€ +€,.5F4
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2.2.3 Incomplete financial markets

The smoothing performance of the consumption behaviour depicted in the previous sec-
tions was done through international diversification of portfolios (in the national accounts
this smoothing would be measured by comparing GDP with GNI). Even if complete markets
do not exist, and there was only trade in an internationally bond, in an endowment economy,
the same result holds as it is showed by Crucini(1999). In this case this smoothing would
be measured by comparing DNI with Consumption. The problem for a given agent at time
t would be:

maxF,

i b
CT7bT

> 5T—t.u(ci)] (2.26)

ste oy Ab > (L) b

and the market clearing equations:

zn:Pi.ci = zn:PW.yi (2.27)
i=1 =1

Y Pb =0
i=1
The first order conditions at each point ¢ are :
wle) = (2.28)
At = 0.y M1 (1 + 1)
... the Euler equation is ...
u'(c;) = 0.y [u'(Cpyy)-(1+ 1))

Considering that the intertemporal discount factor (0) and the interest rate (r) are equal
for all agents independently of the country, then all of them will choose the same level of

ci. The first market clearing condition can be written as

U , ; Y,
QY PL=Yr e P =Y e = (2:29)
i=1

Calculating each country aggregate consumption :

7% iYw Z-?w—‘l_Yﬂ)Gw —1 Pi—’ww
Ct7 :Pﬁ:PTt:Y +P—wY €4

which is the same condition as the one depicted in equation (2.11).
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So, if we restrict the financial market participation and redefine the world shock ac-
cordingly, as we did in section 2.2.2, we will obtain the same results as the ones of that

subsection.

2.2.4 Impact of taste shocks

Finally assume that in the complete markets model we insert additive taste shocks ¢! :
—+00 (PZ
Ud) = E S tu(d (1+ I8 2.30
maxU() = max t<§ U(CT( +CZ)>) (2:30)
st ZPZy; = ZPi.cfr
i=1 i=1

The first order conditions at time ¢ are:

Zi:l Py = Zi:l Pi.c

So ci+ ¢! is equalized across countries (re-label as ct,) , so ¢! = ct, — ¢!, so from the

clearing market equation:
S Pl = S Pt - ) o (232
i=1 i=1
& > Puyj=c,y P—Y Py, =
i=1 i=1 i=1

- , 1 « .
& YY=ct.P,— g P.piect, =y" + 2 E Py}
i=1

i=1 W
which implies:

7 w Pl - 7 7
Ci = Py +P—wi21Pi.¢t—Pi.sot (2.33)

—w | —w _w b - i {
= B@+7"¢)+ 5 > Popi— Pl =
woi=1

=

= Y +?i.e;” + P;. (@;U - ‘Pi)

)

& ACi=¢"+ P,

where ! represents the worldwide average taste shock.
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If we consider that part of the population is living in financial autarky the problem for

@ ))) (234)

those with access to the financial markets may be written as:

+oo
Fi - T—t
HchE?,iXU(Ct ) = Iil}%XEt <Z5 U ( (

t T T=t

SIS SRt
=1
Solving the problem gives that:
) i i —w.F__ _Fi
P =Y'sp + Y sp.e’ + % PF (2.35)
Y

where %f is the world weighted average of the taste shock of the people with access to
S PF .ol
% 1 .
PE
The people that live in ﬁnanc1al autarky will consume their income:

financial markets and equal to

of A —?isFA+7iﬂi.e};”.sFA+7i.ei.sFA (2.36)
Aggregating terms gives:
Cl = Y+ 71.(3F + 5;.5Fa)-€ + Vi.ei.sFA + (" — ") .PF (2.37)

consumption and output deviation are:

AY} = Ble? + €
i —w,F (238)
AC} = (sp + B;.5r4).€" + €L sFA+5"—P

Note that if we compute the share of non-smoothed consumption, applying directly the
formula of equation (2.23) we would get:
w i g F i . ( Spt)
ACI — AC: B [(SF—Fﬂi.sFA).et +espa PZ} {et + P —C ]
AY] — AY}" [Bi-e + €] — [e]
et g p] [l )
[ B + [ =
(B, —1) € + €]

Therefore the taste shocks might produce a bias if the taste shocks of people with access

SFA+

to the financial markets are different from those living in financial autarky (0" # ©!) or if
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the world weighted average of the taste shock differs from the world weighted average of the
taste shock of the people with access to financial markets:

n F  Fu n %
—w,F —w Zi:l'Pi 2 Zi:l Plgpt
’ 4
RS > Y - S O

So to calculate the non-smoothed ratio of consumption we have to use the national
asymmetric shock or the differentiated impact of the world shock as in equations (2.24) or
(2.25).

The models presented in this section are simple but their main purpose is to show how can
the level of international risk sharing be estimated. More complex models, with a production
function and capital as in Baxter and Crucini (1995) or Kollman(1996), with trade costs as
in Ravn and Mazenga(2004) or endogenous tradability as in Ghironi and Melitz(2004) do not
yield a closed form solution. However from their simulations we can see that those extensions

do not solve the consumption correlation puzzle.

2.3 The empirical study

In this section we will show how the consumption smoothing implied by the previous
model can be estimated and present the results. The next subsection will present the link
between the theoretical model and the empirical methodology. The next subsection will

describe the data and the following presents the empirical results.

2.3.1 The methodology

The model in equation (2.38), has a natural empirical counterpart in a factor model:
Azl = NV FP 4+ NLF + et (2.39)

where F* and F} would be, respectively, the global factors that would affect all the
series of all countries (the world shocks) and the country i factor affecting the series of each
country (the asymmetric country shocks), )\;’w is the loading of the world factor on series j
of country 4, \; is the loading of the country i factor on series j and zsg’t would represent the

. . . . |4
idiosyncratic components of each series'®.

15Tn case of the consumption they can represent the taste shocks depicted in equation (2.38) that would
alter the consumption level but are unrelated to shocks in total production.
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Connecting the model of equation (2.38) with the factor equation (2.39) we have for
output:
World component: el = AR (2.40)
National Component: € = )\Z.Fti

Idiosyncratic component : (o] =¢),
and for consumption:
World component: ($hosBi + sp) € = AoV FY (2.41)
National Component: spa.€h = N F}

Idiosyncratic component

in the end, the consumption smoothing parameter from the theoretical model is 1 — sz 4.
As we saw in the theoretical model this value can be obtained in several ways; however, from
the estimation method we can recover it from the comparison of the national components:
Sadl __ MNE N

Gl Calt R (2.42
aTNE T )

bzl—SFAzl—

To estimate the different channels of consumption smoothing we will use the same chan-
nels as described by Sorensen and Yosha (1998b). Therefore the smoothing from GDP to
Gross National Income(GNI) will be considered as the one that is achieved due to interna-
tional portfolio diversification or the asset markets channel. The smoothing from GNI to
National Income (NI) measures the smoothing due to the variation of capital depreciation.
The third layer is from NI to Disposable National Income (DNI), this will take into consid-
eration international transfers from countries that are experiencing booms to ones that are
experiencing recessions (this layer is more likely to exist among regions that have a joint bud-
get like the states of US). Finally the last channel, due to the credit market/saving channel,

is measured from DNI to Private Consumption (C).

Therefore the estimated factor model will be:

;

AGDPti = )flc’;lfujPFtw + AZDP'F;’ + 5Z'GDP,t

AGNI; = ZG’%I-Ftw + Aenr-Fy+ EGNIL

ANI; = Xy F 4+ Ny, Ff + ENIL (2.43)
ADNI; = /\ZL’JHJ)\U‘Ftw_ + Npn1-FY + Ebnry

AC) = X\g* F' 4+ Mo . Ff + €,
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where:
E(er.e)=0 |
A(L)F =€ and €’ ~ N(0,0") E(e'.e?) =0
A(L)F} = € and €, ~ N(0,07) and E(ep.ub,) =0 | for ji # jo and iy # iy
A(L)el, = v, and u}, ~ N(0,0%) E(e%u;t) =0
[ B euite) =0 |
with:

i=1,2,3,..., N (countries)
t=1,2,3,..,T (time frame)
j=GDP,GNI,NI,DNI,C

The model is patterned as a dynamic factor model as in Stock and Watson (1999), the
dynamics enter through the fact that the factors are AR processes as the dependence of the
series on the factor is static'¢.

At this point we should note that the scale of the loadings and the factors cannot be
estimated independently, therefore, we opted for normalizing the variance of the world and

country factors to a constant.

As for the idiosyncratic components, one interpretation is that they are errors of mea-
surement. However for that to be true, they would have to be independent across series. As
GNI is derived from GDP , NI from GNI and DNI from NI, if we have an error measurement
in one series it will contaminate all the series that are derived from it and mixed in the
national component. Moreover the international transfers used to build the GNI, the NI and
the DNI have to be consistent across countries. Errors of measurement in one country will
also contaminate the other countries series. It is probable that most errors of measurement
are mixed in the world and national components. The only way to be able to capture those
errors would be to have data from two independent sources of the same aggregate which is
not, in most cases, available. As for consumption they can be considered as a mix of errors

of measurement and, as we saw before, taste shocks.

We should, also, note that if we estimate the model of equation (2.43) the national com-
ponent will only be captured if it is not perfectly risk shared by portfolio diversification. If
there is perfect risk sharing, the national shock to GDP will be captured in the idiosyncratic

component and the model won’t estimate any national component. Moreover, we can also

6More general dynamic factor models(GDFM) where the relationship between the factors and the series
is dynamic can be found in Forni et al. (2002).
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assume that national shocks to GDP are composed by several parts where some are com-
pletely risk-shared and will be captured in the idiosyncratic component and the others in
the national component.

Also, for the other aggregates (GNI, NI, DNI) there might exist some shocks specific to
those series that are completely smoothed at the following level; therefore, those components
will be captured in the idiosyncratic component.

In order to take into account these aspects the estimated consumption smoothing at
each layer should not only take into account the estimated national components but also the
estimated idiosyncratic ones. Therefore the formulas used should be:

via international portfolio diversification (layer GDP/GNI):

7. —1 cov(Agpp-F} +Gopi 5 Nont-FY) _
p=1- -

- — (2.44)
var(Agpp-I¢ + €6ppy)
as the idiosyncratic component and the factors are orthogonal, the covariance and the

variance can be written as:

cov(Agpp-FY GN17Ft)+COU(5GDP¢7 Aenr-FY) 1 app-Aoni-var(FyY)

var( N pp. FY) + var(elpp,) ( gDp)z var(.F{) +var(egpp,)
via depreciation of capital (layer GNI/NI):
’l;d —1_ iGNI')‘é\JI'UaT(Fti) (2.45)
i \2 ; i '
( GNI) war(FY) + UW(EGNI,t)

via international transfers (layer NI/DNI):

b=1-— ;VINDN{ var(Fi) (2.46)
( NI) war(FY) +var(ey; )
via savings (layer DNI/C):
bo=1-— ;DNI‘XC,'“W(F” ‘ (2.47)
( DNI) war(F}) + UW(*?ZDNI,t)
and total smoothing (layer GDP/C):
~ Gop-Ao-var(F}
Dot = 1 — app-Ac-var(Fy}) (2.48)

i 2 i i
( GDP) war(.F}) + Uar(‘gGDP,t)

Note that if there is no idiosyncratic component on the GDP the above equation is:

( iGDP)Q wvar(F}) ( iGDp)Z iGDP
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which is exactly the same as equation (2.42).

To estimate this model and making inference we opted to use Otrok and Whiteman’s(1998)
approach!”. This approach allow us to compute the ratio at each iteration recovering, in the
end, the distribution of the smoothing parameter. However this approach has strong assump-
tions, as for instance the innovations not being cross-correlated and we cannot guarantee that
the idiosyncratic components of consumption are not cross-correlated in the presence of taste
shocks. From equation (2.41) the idiosyncratic component of the consumption deviation of
country 7 is:

X (PRe™) P
> B T

Therefore if we assume that o/ are i.i.d. with variance equal to Ui the variance of this

term is:

n F 2 2 2
i (PF) o g i
N - B} Jgo . 6"
(335 )
as the covariance of it between two countries is:
2 2
o, | X (P) BB

ad | (P, P, P,

C

If we consider that all countries are equally populated we would have for the variance:

(7o) (2) - () (B) = (@)

and for the covariance:

o, 1

2
©
c.d n

So as n — oo the covariance tends to zero and the variance tends to afp. (g;) ’ , therefore
the correlation tends to zero. So, at least, these idiosyncratic components are asymptotically
not cross correlated.

Because Otrok and Whiteman’s approach can be used to compute the smoothing ratios
distributions while it is recovering the parameters distributions and at least asymptotically
the idiosyncratic terms of the consumption deviations are not cross correlated we opted to

use this one!®.

17 An alternative approach would be the one described by Bai (2003). Bai’s method is valid for a larger
array of models; however, inference is only valid when N,7 — +oo (or in more stringent cases when
N,T — 400 when vVN/T — 0). However the estimation of the smoothing parameters is rather complex,
as they are ratios involving several estimators, and with the Bai approach we can only have the asymptotic
distribution of the parameters in the model and not for the smoothing ratios.

18See appendix 2.A for a short description of the method.
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2.3.2 The data used

To estimate the equations of the model implied by equation (2.43) we used annual data
from 1970 to 2001 for a sample of 23 countries!” of OECD. The data collected were those
of GDP, GNI, NI, DNI and private consumption at current prices taken from the OECD
Main Indicators 2003. Then we calculated the per capita values at constant prices using the

population and consumption price index taken from the same source.?’.

Afterwards we de-trended the data in order to take the deviation cycles. We used a band
pass filter as is described in Artis et al. (2003) and retain the fluctuations between 2 and
8 years. This interval follows Baxter and King (1999), as they used the interval between 6
and 32 months (in year terms 1.5 and 8).

We should note that the same study can be done with different cycle intervals. This
might allow us to see how the consumption smoothing differs when we use different time

horizons.

2.3.3 Results

From the method used we can get as a by-product a measure of the world business cycle
and its importance relative to the national one in the different series. This analysis allows us
to compare the estimated world business cycle with those from other studies and see if they
coincide. We can, also, check if the relative importance of the national component versus
the world one diminishes when we move from GDP to Consumption. This will give us a first
idea of how much smoothing is done through the different channels. These points will be
the subject of the first part. The second part will report the estimation of the smoothing
parameters for the different countries in the sample, and a third subsection will relate the

differences found to different economic and financial indicators.

9The countires used were: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany ,
Greece, Ireland, Italy, Japan, South Korea, Mexico, Netherlands, New Zealand, Norway, Portugal, Spain,
Sweden, Switzerland, United Kingdom and United States .

The data for Germany was corrected for the break in 1990 by the OECD Secretariat.

20Tt should be noted that we did not transform the data by accounting the purchasing power parity. We
can think that some risk sharing can be done through relative price movements. This transformation and
comparision with the present results are left for future work.
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2.3.3.1 DBusiness cycle symmetry

Figure 2.1 displays the median of the estimated world component?!, as well as the 33"

and 66" percentile?? of the estimations.

Figure 2.1: World business cycle

GAISS  Wed Mar 23 21:00:08 2005

World Factor

0.6

0.4

1970 1975 1980 1985 1990 1995 2000

§ -06 -04 -02 -0.0 0.2

Wed Mor 23 21:00:00 2008

Percentiles

-0.0 0.2 04 0.6

-0.2

-0.4

= = - 50% Quantile
— 33X Ouontile
667 Quantile

-0.6

-0.8

1970 1974 1978 1982 1986 1990 1994 1998 2002

From this figure we can see that the estimation shows troughs on 1975, 1982/85, 1991/1993
and a recession in 2001. It depicts peaks in 1973, 1979, 1989, 1995 and 2000. There is also
a period covering all the eighties were the world economy was in a downturn cycle.

These estimates are similar to other estimates using different methods. Gregory et al.
(1997) studying the G7 countries with quarterly data from 1970:1 to 1993:4, found recessions
in 1975, 1982 and a slowdown in the early nineties, upturns in the early and late seventies
and late eighties. They also found during the mid-eighties a long period where the cycle
deviation was negative. Helbling and Bayoumi (2003) when estimating the G7 weighted gap

21 As we said before, the size and signal of the loadings and of the factors are not estimable independently
of each other. As for the size we fixed the variance of the factors as explained before. As for the signal
we considered that the world component would have a positive loading for the US GDP, and the national
components a positive loading for the respective country’s GDP.

22This percentile choice follows Otrok and Whiteman(1998).
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using GDP quarterly data from 1973 to 2000 found troughs in 1974, 1982, 1986 and 1992 and
peaks in 1978/1979, 1985, 1990 and 2000. Their sample end also depicts a slowdown, even
if it is much smaller than the one illustrated in our figure. Cerqueira(2005) using national
indexes constructed from GDP, GFCF and consumption from 1970 to 2000 found that the
first estimated common component?® peaks in 1973, 1980, 1990 and 2000 and has troughs in
1975, 1983/6, 1993 and also reflects the slowdown at the beginning of the new millennium.
Kose et al.(2003) using the same method for GDP, investment and consumption from 1960
to 1990 found similar results. The biggest difference was the relative size of the recession
after the first oil crisis in respect to the one after the second oil crisis. They found the crisis
in the eighties was stronger than the one in the seventies, which was in contrast to most
papers in the literature.

Table 2.1 shows the importance of the world factor for the different series.

If we compare the median value across series, we can see that when we move from GDP to
GNI, and from NI to DNI the sensitivity of the series to the world component, on average,
increases, indicating that those channels of international risk sharing (through portfolio
diversification in the first case and international transfers in the second) seem to be working.
However, when moving from DNI to Consumption, the majority of the countries experience
a decrease in the sensitivity to the world factor (the exceptions are Canada, Ireland, Mexico
and Norway but for the last two the dependence of the world component is very weak for any
series). Even if this replicates the consumption correlation puzzle, the fact is that it does not
mean that there is no smoothing through the savings channel, as that sensitivity reduction
can be due to the existence of errors of measurement on the consumption or taste shocks
(either would reduce the sensitivity of consumption but not of DNI to the world component).

On the other hand, if we check for which countries the GDP commoves more with the
world cycle, those are Belgium, Germany, Ireland, France, UK and US (with more than 50%)
Austria, Japan, Netherlands and Switzerland (between 50 and 40%) and Greece, Italy and
Spain (between 30% and 40%).

The importance of the national component on the variance of each series can be seen
in table 2.2. As we saw in the model, if perfect risk sharing existed, through portfolio

diversification, the importance of the national component in GNI should be very small. In

23Tt should be recalled that Helbling and Bayoumi(2003) and Cerqueira(2005) found that the world business
cycle was composed by two orthogonal factors. However, as the variance decompositions estimated by
Cerqueira showed the second component was not as all as encompassing as the first, in fact it was only
important for US, Germany and some german neighbours. The approach used in this paper allows for one
common component, the second one, if exists, will be mingled in the national components. However, as the
second component is not as global as the first we can think that the countries to which some of the cycle
deviations are caused by it can smooth those deviations with the countries that are little or not affected by
it.
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82 CHAPTER 2. CONSUMPTION SMOOTHING AT BUSINESS CYCLE FREQ.

fact we can see that the values are close to the ones for the GDP, reflecting that here is
hardly any consumption smoothing of the national shocks due to portfolio diversification.
The second channel (the savings mechanism) reflects a different story. When comparing
the importance of the national component for DNI and Consumption we can see that in
most countries (the exceptions are France, Germany, Italy and Spain?*) consumption is less
affected by this component than is DNI. This reduction is, however, not equal among all the
countries. There are substantial reductions in some, as for instance New Zealand, Norway
and Ireland, whilst for others it is very small, as in the case of the US (where the 33rd to
66th percentile interval of the variance decomposition of the national component in DNI and

Consumption overlap).

The question that arises from the two previous tables is how can the consumption be less
dependent on the world cycle than GDP (giving rise to the consumption correlation puzzle),
but at the same time be also less dependent from the national component (indicating that
there is some risk-sharing and consumption smoothing across countries)? The answer is that,
for consumption the idiosyncratic component of the series is much more important than for
the other series. This may reflect errors of measurement or taste shocks. That is what we
can observe in table 2.3.

We can see that for all series, except consumption, the idiosyncratic component is very
small (except for the GDP of Netherlands, N. Zealand and Switzerland). For consumption
the figure is quite different, ranging from 11.9% for Mexico to 83.5% for Norway.

These last tables allow us to analyze the existence or not of a consumption correlation
puzzle. We have seen before that consumption is subject to more idiosyncratic shocks (that
can come from taste shocks or measurement errors) than GDP. The question is to know
what are the relative sizes if we compare only the national and world component. Figure
2.2 presents the relationship of the relative size of the national component to the sum of the
common components (world plus national) for GDP and consumption.

If in fact consumption is less dependent on the national shocks than on the world shocks,
then we should find the markers above the 45° degree line. On the contrary, if there was a
clear consumption correlation puzzle we would find most of the markers bellow the 45° line.
From the figure we can see that the number of markers bellow and above the 45° line is more
or less equal and most are very close to that line. This indicates that once we account for

the idiosyncratic components of the series the consumption correlation across countries is

240nly for Italy and Spain do the 33rd to 66th percentile interval of the importance of this component for
either series overlap each other.
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Figure 2.2: Relative size of the national component to the sum of world and national com-
ponent
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similar to that for GDP.

2.3.3.2 Consumption smoothing channels

From the previous section, it seems that countries engage in partial consumption smooth-
ing through the savings channel, while the smoothing by portfolio diversification is very small
or even non-existent. To look into more detail at the importance of each channel, table 2.4
show the estimated values®® for the different smoothing channels using the formulas in equa-
tions (2.44) to (2.48).

As we can see from table 2.4, the amount of consumption smoothing achieved by inter-
national portfolio diversification (B #) is small for most countries. The countries for which
this channel is more important are Belgium (17.4%), France (8.8%), Italy (5.4%) and US
(5.2%). However for a number of countries, this channel, has an unsmoothing effect: Nether-
lands (-16.4%), Sweden (-10.4%) , Portugal (-8.8%), Denmark (-6.0%), Finland (-5.5%) and
Norway (-4.9%). From these lists, it seems that the countries that smooth more through

this channel are big countries (with the exception of Belgium) or countries where the GDP

%5In Appendix 2.B we can see the 5!, 10", 20" 25" 33" 50" (the median), 66", 75t", 80" 90" and
95" percentiles.
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86 CHAPTER 2. CONSUMPTION SMOOTHING AT BUSINESS CYCLE FREQ.

dependence on the world cycle is higher, but it does not include all of them (in that group
Italy is the one for which the GDP is less related with the world component, 39.7%). The
countries that unsmooth through this channel are small and/or with a lower dependence
from the world component (the exception is Netherlands which is also the biggest one with
15,92 million inhabitants in 2000).

As for the second channel (variation of capital depreciation - Bd), it has an unsmoothing
effect on all countries with the exception of Belgium (being Switzerland the smallest with
-0.6% and Norway the biggest with -18.5%). This is in line with previous studies (see
referenced papers in footnote 9).

International transfers are not important for most countries. The fact that international
transfers aren’t important for most countries is not surprising as this channel would depict the
transfers made across states through international aid to catastrophes, automatic stabilizers
through common budgets if they existed and private sector remittances?®. In this sample,
the only common budget arrangement is the one that encompasses the EU countries, but it
is not built to provide automatic stabilization, therefore, even for most of the EU countries
the effects are small. In the countries studied the exceptions are Germany with 26.8% (the
biggest net contributor to the EU budget and an immigrant receiver) and Portugal with
12.7%. (one of the cohesion countries and a country that is at the same time an immigrant
receiver - from the former African colonies - and an emigrant provider - mostly to France,
Germany, USA and South America).

The bulk of the smoothing is done through the final channel, savings and credit markets
(B,)%". But the importance of it is not the same in every country. For some it smooths
more than 50% of the cycle deviations - Norway (82.9%), Portugal (63.5%), New Zealand
(61.3%), Switzerland (60%), Greece (56.6%) , Canada (55.8%), Netherlands (54.4%), and
Finland (54%). For others it account for less than 20% - Denmark (2.5%), Italy (17.7%)
South Korea(14.5%) and Mexico (19.1%).

Finally, comparing total smoothing from GDP to private consumption, the groups of
countries that smooth more and less mimics the groups formed from the importance of the

credit market channel as this one was the more important and heterogeneous?®.

26 Account code D75 of the 1993 SNA, see http://unstats.un.org/unsd/snal993/toctop2.asp.

Previous studies about this issue have disregarded the existence of these private remmitances at this level.
A more accurate look to these transfers might be a issue of future research.

2"Moreover if we add to this, the fact that the importance of the national component for the consumption
and GDP in respect to the sum of the common components (national plus world) is similar - see figure
(2.2) - we can suspect that most of the smoothing is due to intertemporal smoothing and not by using the
international credit markets.

28The total smoothing parameter does not have to be equal to the sum of the other parametres as at each
level the idiosyncratic component of the series is considered in the smoothing process.
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2.3.3.3 Possible relations with economic and financial indicators

At this point we can raise the question as to why the values are different across coun-
tries??. One obvious justification would be the importance of the world component in the
countries GDP cycle. We could think that the more a country commoves with the world
cycle the less it has to gain by entering into smoothing mechanisms. Figures 2.3 and 2.4
show the relation between the importance of the world component for the GDP cycles and

the smoothing parameters through asset markets (3 ) and credit markets (B,).

From the first graph we can see that there is a positive relationship between the impor-
tance of the World cycle on the national GDPs and the total smoothing through the capital
markets. The R? of the linear regression is 0.2318 and the parameters are significant at 5%
level.

The second figure gives the impression that there is an inverse relationship, but the R?
is only 0.0603 and the estimated parameters are insignificant at 5% level.

So, the idea that countries that commove less with the world cycle would smooth more
is not confirmed, and if any relationship exists is through the asset markets but positive (the

ones that commove more also smooth more through this channel).

A second idea that we could take from the previous tables, would be that there could be
a relation between country size and consumption smoothing as most of the countries that
have higher smoothing values through the savings/credit markets are small ones.

Figures 2.5 and 2.6 depict the relationship between population size and the consumption
smoothing channels.

Although the regression lines seem to depict some relationships the R? are 0,079 and
0,12 and the parameters are insignificant at 5% level. However if we take out the US, the
first relationship (asset markets channel vs population) continues to be unimportant, but the
second (savings/credit market channel vs population) has a R? of 0,25 and the parameter is

significantly negative at 5% level.

Another relationship that we can consider is the degree of openness®’. We could think
that countries that have a higher degree of openness are more integrated and would have

easier access to the capital markets and/or international credit markets!.

29The analysis presented are simple correlations between the median values founded and several indicators.
They should be read as indicators of the differences found and directions that deserve further research.

30The openess indicator was calculated by averaging the ratio of (exports+imports)/GDP from 1970 to
2000.
31Below we relate the values found with indices measuring the financial integration. However, the best
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Figure 2.3: Relation between the importance of the World component on the GDP cycle and

the consumption smoothing through the asset markets
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Figure 2.4: Relation between the importance of the World component on the GDP cycle and
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Figure 2.5: Relation between the population size and consumption smoothing through the

asset markets
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Figure 2.6: Relation between the population size and consumption smoothing through the

savings and credit markets
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Figures 2.7 and 2.8 depict the relationship between openness and the consumption
smoothing channels.

From the first graph we can see that there is no relationship between the openness level
and the smoothing through the capital markets. The R? of the linear regression is 0.0011 and
the regression parameter is zero. However, if we do the same regression without the three
countries that have a higher level of openness (Belgium: 1.11 , Ireland: 0.99 and Netherlands:
0.88), there is a negative relationship between openness and the smoothing channel. The R?
is 0.2848 and the parameter is negative at 5% significance level.

The second figure gives the impression that there is a positive relationship, but the R?
is only 0.0612 and the estimated parameters are insignificant at 5% level. If we do the same
regression without the same countries as before, the R? increases to 0.092 but the estimated

parameters continue to be insignificant.

Finally, and because the two main channels of consumption smoothing discussed in pa-
pers are through portfolio diversification and savings, we tried to relate the values found
with some indicators of the financial structure of the countries studied. The indicators used
were taken from the database on Financial Development and Structure revised in October
2003, for a description of this database see Beck and al.(1999), the dataset on Bank Con-
centration & Competition and the data collected from Lane and Millesi-Ferretti (2006)32.
However, from the whole batch of indicators few seemed to be significant.

As concerning the portfolio diversification channel only the 'Public bond market capi-
talization to GDP’ and the 'Average Portfolio Equity Net / GDP’ indicators had significant
correlations. The first with R? of 0.204 and the second with a R? of 0.1934, however both re-
sults were overmost due to the values of Belgium and if we perform both regressions without
Belgium the relation is insignificant at 5% (see figures 2.9 and 2.10 - dotted line represents
the regression without Belgium ).

For the savings/credit market channel seems that the only significant indicators are :
Net interest margin (R? = 0.2259) and Concentration (R?* = 0.2124) (see figures 2.11 and
2.12%3).

From the first graph it seems that the more efficient are the commercial banks into

known to us is the Coordinated Portfolio Investment Survey (CPIS) conducted by the IMF but it is only
available on an annual basis since 2001 onwards and therefore does not cover the period studied. Instead we
used several indicators of financial openness and others as "Foreign ownership", "Fraction of foreign entry

applications denied", "Economic freedom" that can be seen as proxies of international financial integration.

32The indicator list used from each database and the weblink are transcribed in appendix 2.C.

33The indicators of entry denials showed to be significant with a negative correlation. However most of
the countries had a zero value for this index and the correlation coeficents were basically due to two or three
countries.
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Figure 2.7: Relation between openness and consumption smoothing through the asset mar-
kets
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Figure 2.9: Relation between Public bond market capitalization to GDP and consumption

smoothing through the asset markets
02 T T 1 1 T T T T T T
015 ~

0.05+ ' s :

005 S«

Censumption smoothing through the assets market
o

-0.15

_0 2 L L ! ! L 1 L L 1
01 02 0.3 04 0.5 06 07 0.8 0.9 1

Fublic bond market capitalization to GDF

Figure 2.10: Relation between Average Portfolio Equity Net / GDP and consumption
smoothing through the asset markets
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Figure 2.11: Relation between Net Interest Margin and consumption smoothing through the

savings/credit market
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Figure 2.12: Relation between Concentration and consumption smoothing through the sav-

ings/credit market
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channeling funds from savers to investors the more able are agents to use the savings/credit
market to smooth the consumption through the business cycle.

On the other side the relationship between concentration and consumption smoothing is
positive. The concentration indicator might have two interpretations: highly concentrated
commercial banking sector might result in lack of competitive pressure to attract savings
and channel them efficiently to investors or a highly fragmented market might be evidence
for undercapitalized banks. From the relationship depicted by the graph it seems that a
higher level of concentration actually improves the ability of agents to smooth consumption,
therefore it appears that fears of a highly concentrated market leading to a reduction in
efficiency may be misplaced.

Finally, we should refer that the indexes that could be related to financial integration*
do not show any correlation with any of the consumption smoothing channels. Even if
Imbs(2005) found that regions across countries do not have a consumption correlation puzzle
which, in the author opinion, would be due to the fact that those regions would be more
financial integrated than the countries among themselves, in a subsequent study, the same
author - Imbs(2006) - shows that more financial integrated countries have, simultaneously,
a higher degree of consumption correlation and business cycle synchronization and therefore
do not show any signs of increased consumption smoothing, which is in line with the results

obtained

2.4 Conclusion

In conclusion, we can say that the results found are in the aggregate not different from
those existing in the literature. Asset markets are marginally important (if we aggregate
the data the world value is zero), capital depreciation contributes to unsmooth consumption
(-8% at world level), international transfers are not important (0% for the world) and the
bulk of consumption is done through the savings/credit market mechanism (at the world
level this accounts for 39%).

However these aggregations hide some differences among countries. Smoothing through
the asset markets channel ranges from -17.4% to 16.4%, as the international transfers (with
the exception of Germany and Portugal) are zero for most countries. The savings channel
ranges from 2.5% to 82.9%.

When we tried to see to which indicators we could relate to those differences, we found

34Such as "Fraction of foreign entry applications denied", "Activity restrictions" ; "Banking freedom,
"State ownership", "Foreign ownership" or "Economic freedom", or financial openness as the ones that
measure the weight of assets and liabilities to GDP, being it in equities, FDI, financial derivatives, debt or
total assets.
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that the asset markets channel is positively related with the importance of the world com-
ponent in the country cycles and negatively (when we take out Belgium, Netherlands and
Ireland) related to the degree of openness. Both results can be considered unexpected. First,
we should think that the less important is the world component in the national cycle, the
more the country has to gain from engaging in risk sharing through portfolio diversification,
but we found the inverse relationship. As for the second result we might think that the
more open is a country, the more integrated it is and therefore it would have easier access
to international asset markets, however this hypothesis is not only not confirmed but, if
anything, we found the inverse relationship.

When we did the same analysis for the saving channel we only found a negative relation-
ship with the population size (when we do not consider US) indicating that smaller countries
smooth more through this channel. This can be seen as expected, as smaller countries have
a smaller impact on international credit markets and can lend/borrow to/from more agents.

On the other hand, when we relate the results to financial indicators we did not find any
indicator that would be related with to the asset market channel. This might indicate that
the reasons for the diference through this channel are insensitive to financial market structure
or that the indicators used do not capture the relevant diferences to explain the heterogenous
values found for this channel. As for the saving mechanism, we found that the indicator of
efficiency (net interest margin) and of market structure (concentration) were related to this
channel. More efficient banks (lower net interest margin) and a more concentrated market
structure would lead to a more efficient consumption smoothing through the savings/credit
channel.

However the previous relations should be read as indications of what is causing the
heterogeneity found across countries on the smoothing mechanisms and which directions

deserve further research.
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Appendix 2.A  Empirical methodology

The estimation of model depicted by equation (2.43) is accomplished through a Mon-
teCarlo Markov Chain applied to dynamic factor models, as is described by Otrok and
Whiteman(1998) and Kose et al. (2003).

If we consider a specification of a Gaussian probability density for the data {y;} condi-
tional on a set of latent parameters {¢} and a set of latent variables {f;}, call this density
function g, (Y|p, F'). In addition there is a Gaussian probability density function g;(F’) for
the F' itself. Given a prior distribution for ¢, h(p), the joint posterior distribution for the
parameters and the latent variables (the factors) is: h(y, F|Y) = g,(Y|p, F) * g¢(F) * h(yp).

Otrok and Whiteman(ibid.) showed that, although h(p, F|Y) is hard to derive, under a
conjugate prior for ¢ we can get h(p|F,Y) and h(F|p,Y).

So starting with a guess for F (in the support of the posterior distribution) we generate
a random drawing for ¢! from h(p|F°,Y). Then get a random drawing ' from h(p|F*,Y)

The sample produced is a realization of a Markov chain whose invariant distribution is
the joint posterior h(p, F|Y).

In this paper we have an intermediate factor (the national factor) therefore the estimation

was done in the following steps:

1. Get a guess for world factor (Fj;) and country factors (F2) in the support of their
distributions. The priors used were N(0,c7). For the world factor the variance was fixed to
the average of the variances of all series, for the country factors it was fixed to the average of
the variances of the countries series. Remember that the size of the loadings and the factors
cannot be estimated independently By fixing the variance of the factors we also fix the size

of the loadings.
2. Draw a random drawing ¢! from h(p|EFY,, FS,Y)
3. Draw a random drawing F}}, from h(Fy,|¢", F2,Y)
4. Draw a random drawing F2 from h(F.|ot, Fjy,Y)
5. Go to step 2.

This iteration was done 100000 times, and then we eliminate the first 30000 iterations.
The distributions were taken from the last 70000 iterations. We tried with smaller chain

lengths, but from 10000 (eliminating the first 5000) onward the results were similar.
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As in Kose et al.(ibid.) the prior used on the loadings was a N (0, 1) .The length of the
idiosyncratic and factor autoregressive polynomials was 3 (I tried with larger polynomial
orders with final similar results). The prior on the autoregressive polynomials parameters

1 0 0
was N(0,3) with ¥ = | 0 0.5 0 | .As in Otrok and Whiteman(ibidem) the prior on
0 0 025

the innovation variances in the observable equation is an Inverted Gamma(6,0.001).

For more details see the above cited papers.
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Appendix 2.B  Smoothing parameters distributions estimated percentiles
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In the next pages we can see the percentiles of the smoothing parameters distributions.

In those tables the symmetric interval around the median where the parameter keeps the

signal is in bold.

Table B1: bf - Asset market channel

‘ Percentile

1/20 1/10 1/5 1/4 1/3 1/2 2/3 3/4 4/5 9/10 19/20
Aus || -0.062 -0.045 -0.027 -0.020 -0.010 0.006 0.023 0.032 0.039 0.056 0.070
Aut || -0.049 -0.037 -0.024 -0.019 -0.012 0.000 0.012 0.019 0.024 0.038 0.049
Bel 0.007 0.047 0.092 0.109 0.133 0.174 0.213 0.235 0.250 0.288 0.319
Can || -0.040 -0.029 -0.018 -0.014 -0.008 0.001 0.010 0.016 0.020 0.031 0.041
Dnk || -0.123 -0.109 -0.093 -0.087 -0.077 -0.060 -0.043 -0.032 -0.025 -0.005 0.012
Fin -0.111  -0.098 -0.083 -0.078 -0.069 -0.055 -0.040 -0.032 -0.027 -0.012 0.001
Fra 0.003 0.020 0.042 0.051 0.064 0.088 0.111 0.123 0.132 0.154 0.172
Ger | -0.047 -0.032 -0.014 -0.007 0.004 0.025 0.046 0.059 0.068 0.091 0.110
Gre || -0.015 -0.007r 0.003 0.006 0.012 0.021 0.031 0.037 0.040 0.050 0.059
Ire -0.055  -0.035 -0.010 -0.002 0.011 0.033 0.054 0.066 0.074 0.096 0.114
Ita -0.020  -0.002 0.017 0.025 0.035 0.054 0.072 0.082 0.090 0.109 0.126
Jap || -0.141 -0.096 -0.050 -0.040 -0.029 -0.011 0.014 0.031 0.043 0.073 0.101
Kor || -0.086 -0.077 -0.066 -0.062 -0.056 -0.045 -0.034 -0.029 -0.025 -0.013 -0.004
Mex || -0.063 -0.049 -0.031 -0.025 -0.016 0.000 0.016 0.025 0.031 0.047 0.060
Nth || -0.470 -0.397 -0.312 -0.281 -0.237 -0.164 -0.094 -0.058 -0.033 0.030 0.080
Nzl -0.110  -0.090 -0.066  -0.056  -0.042 -0.017 0.008 0.023 0.033 0.060 0.082
Nor || -0.143 -0.123 -0.097 -0.087 -0.073 -0.049 -0.027 -0.014 -0.006 0.015 0.031
Por | -0.144 -0.131 -0.115 -0.110 -0.101 -0.087 -0.073 -0.065 -0.059 -0.044 -0.031
Spa | -0.104 -0.083 -0.060 -0.052 -0.041 -0.021 -0.003 0.008 0.015 0.036 0.055
Swe || -0.178 -0.161 -0.142 -0.134 -0.123 -0.104 -0.084 -0.073 -0.065 -0.044 -0.027
Swi || -0.144 -0.120 -0.089 -0.077 -0.060 -0.028 0.007 0.028 0.044 0.091 0.141
UK -0.115  -0.096 -0.074 -0.066 -0.054 -0.033 -0.012 0.000 0.008 0.031 0.051
UsS 0.008 0.006 0.022 0.028 0.037 0.052 0.066 0.075 0.080 0.094 0.105
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Table B2: bd — Capital depreciation

‘ Percentile
1/20 1/10 1/5 1/4 1/3 1/2 2/3 3/4 4/5 9/10 19/20

Aus || -0.086 -0.077 -0.068 -0.064 -0.059 -0.049 -0.040 -0.035 -0.031 -0.021 -0.012

Aut || -0.092 -0.079 -0.066 -0.061 -0.055 -0.044 -0.033 -0.028 -0.023 -0.013 -0.004

Bel -0.134  -0.071  -0.015 0.001 0.022 0.054 0.085 0.102 0.115 0.147 0.175

Can || -0.104 -0.098 -0.091 -0.089 -0.085 -0.080 -0.074 -0.070 -0.068 -0.061 -0.053

Dnk || -0.174 -0.166 -0.157 -0.153 -0.148 -0.139 -0.130 -0.125 -0.122 -0.112 -0.104

Fin || -0.173 -0.166 -0.157 -0.154 -0.149 -0.141 -0.134 -0.129 -0.126 -0.119 -0.113

Fra || -0.134 -0.122 -0.109 -0.104 -0.096 -0.082 -0.067 -0.058 -0.052 -0.035 -0.022

Ger || -0.135 -0.124 -0.110 -0.105 -0.098 -0.085 -0.071 -0.064 -0.058 -0.043 -0.031

Gre || -0.052 -0.049 -0.045 -0.044 -0.042 -0.038 -0.034 -0.032 -0.031 -0.026 -0.023

Ire -0.107  -0.093 -0.077 -0.071 -0.062 -0.047 -0.030 -0.021 -0.015 0.002 0.017

Ita || -0.175 -0.156 -0.134 -0.126 -0.115 -0.097 -0.079 -0.070 -0.063 -0.045 -0.030

Jap | -0.203 -0.189 -0.170 -0.162 -0.149 -0.108 -0.053 -0.033 -0.022 0.002 0.019

Kor || -0.099 -0.091 -0.082 -0.078 -0.073 -0.064 -0.055 -0.050 -0.047 -0.038 -0.030

Mex | -0.146 -0.137 -0.126 -0.123 -0.117 -0.107 -0.097 -0.092 -0.088 -0.078 -0.069

Nth || -0.182 -0.168 -0.152 -0.146 -0.138 -0.123 -0.109 -0.100 -0.094 -0.078 -0.065

Nzl | -0.131 -0.118 -0.104 -0.098 -0.091 -0.078 -0.065 -0.058 -0.053 -0.040 -0.030

Nor || -0.239 -0.225 -0.210 -0.205 -0.197 -0.185 -0.174 -0.168 -0.163 -0.152 -0.143

Por || -0.062 -0.051 -0.039 -0.034 -0.027 -0.015 -0.003 0.004 0.008 0.022 0.033

Spa || -0.137 -0.117 -0.097 -0.090 -0.081 -0.067 -0.054 -0.047 -0.043 -0.030 -0.020

Swe || -0.139 -0.131 -0.121 -0.118 -0.113 -0.104 -0.095 -0.090 -0.086 -0.077 -0.069

Swi || -0.074 -0.057 -0.038 -0.031 -0.022 -0.006 0.010 0.019 0.025 0.041 0.054

UK || -0.129 -0.120 -0.109 -0.105 -0.100 -0.090 -0.080 -0.075 -0.071 -0.061 -0.052

US -0.156 -0.149 -0.141 -0.138 -0.134 -0.127 -0.120 -0.116 -0.113 -0.106 -0.100
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Table B3: bt — International transfers
‘ Percentile

1/20  1/10 1/5 1/4 1/3 1/2 2/3 3/4 4/5 9/10  19/20
Aus -0.013 -0.010 -0.007 -0.006  -0.005 -0.002 0.001 0.002 0.003 0.007 0.010
Aut -0.010 0.000 0.012 0.017 0.023 0.033 0.045 0.051 0.056 0.068 0.079
Bel -0.070 -0.059 -0.046 -0.040 -0.033 -0.019 -0.006 0.002 0.008 0.024 0.039
Can -0.016 -0.012 -0.007  -0.006 -0.003 0.001 0.005 0.007 0.009 0.015 0.020
Dnk || -0.028 -0.020 -0.010 -0.006 -0.001 0.009 0.019 0.026 0.030 0.042 0.052
Fin -0.023 -0.019 -0.015 -0.013 -0.011 -0.007 -0.003 -0.001 0.001 0.005 0.008
Fra -0.037  -0.026 -0.012 -0.007 0.001 0.016 0.031 0.039 0.045 0.060 0.072
Ger 0.053 0.098 0.160 0.184 0.218 0.268 0.308 0.329 0.343 0.380 0.411
Gre -0.034 -0.028 -0.021 -0.018 -0.015 -0.008 -0.001 0.003 0.005 0.012 0.018
Ire -0.083 -0.064  -0.042 -0.034 -0.022 0.000 0.021 0.033 0.041 0.062 0.081
Ita -0.052  -0.039 -0.025 -0.020 -0.013 0.000 0.012 0.020 0.025 0.041 0.055
Jap -0.058  -0.026  -0.007 -0.003 0.001 0.006 0.012 0.017 0.022 0.049 0.075
Kor -0.010 -0.002 0.006 0.009 0.014 0.022 0.030 0.035 0.038 0.047 0.055
Mex 0.001 0.004 0.007 0.008 0.010 0.013 0.016 0.018 0.019 0.022 0.025
Nth -0.060  -0.047 -0.032 -0.027 -0.019 -0.005 0.009 0.017 0.023 0.039 0.052
Nzl -0.039 -0.031 -0.022 -0.019 -0.014 -0.006 0.003 0.008 0.012 0.022 0.032
Nor || -0.043 -0.039 -0.035 -0.034 -0.031 -0.027 -0.023 -0.021 -0.019 -0.014 -0.010
Por 0.047 0.065 0.087 0.095 0.106 0.127 0.146 0.158 0.166 0.187 0.206
Spa -0.024 -0.019 -0.013 -0.011 -0.007 -0.002 0.003 0.006 0.008 0.014 0.020
Swe -0.016  -0.013 -0.009 -0.008 -0.006 -0.002 0.001 0.003 0.004 0.008 0.011
Swi 0.002 0.007 0.012 0.013 0.016 0.020 0.024 0.026 0.028 0.032 0.036
UK -0.047  -0.034 -0.019 -0.014 -0.006 0.007 0.020 0.026 0.031 0.044 0.055
US -0.021 -0.015 -0.007  -0.005 -0.001 0.006 0.013 0.017 0.020 0.027 0.034
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Table B4: bs— Savings/Credit markets channel

‘ Percentile

1/20 1/10 1/5 1/4 1/3 1/2 2/3 3/4 4/5 9/10 19/20
Aus || 0.322 0.345 0.372 0.383 0.397 0.424 0.450 0.466 0.477 0.506 0.531
Aut || -0.018 0.043 0.112 0.135 0.170 0.228 0.284 0.315 0.337 0.392 0437
Bel || 0.039 0.121 0.219 0.256 0.309 0.406 0.507 0.565 0.605 0.716 0.812
Can || 0.434 0.463 0.497 0.509 0.527 0.558 0.589 0.607 0.620 0.654 0.687
Dnk || -0.133 -0.098 -0.056 -0.040 -0.017 0.025 0.068 0.094 0.112 0.161 0.204
Fin | 0.478 0.492 0.509 0.515 0.524 0.540 0.555 0.564 0.570 0.586 0.601
Fra 0.104 0.144 0.193 0.212 0.241 0.295 0.353 0.388 0.411 0.468 0.508
Ger || -0.037 0.023 0.094 0.120 0.159 0.228 0.297 0.334 0.358 0.417 0.463
Gre || 0.470 0.493 0.519 0.528 0.542 0.566 0.590 0.603 0.612 0.636 0.656
Ire || 0.178 0.228 0.287 0.309 0.341 0.396 0.452 0.483 0.504 0.561 0.612
Ita || -0.029 0.017 0.072 0.093 0.124 0.177 0.231 0.262 0.284 0.346 0.399
Jap || 0.164 0.196 0.234 0.249 0.269 0.303 0.336 0.355 0.367 0.400 0.426
Kor || -0.013 0.022 0.065 0.081 0.104 0.145 0.186 0.210 0.226 0.268 0.303
Mex || 0.089 0.113 0.140 0.150 0.164 0.191 0.217 0.232 0.242 0.270 0.294
Nth || 0.318 0.371 0.432 0.455 0.488 0.544 0.597 0.627 0.647 0.697 0.740
Nzl || 0.505 0.529 0.557 0.568 0.584 0.613 0.641 0.657 0.668 0.699 0.726
Nor || 0.690 0.721 0.758 0.773 0.793 0.829 0.865 0.886 0.901 0.939 0.971
Por || 0.397 0.457 0.523 0.547 0.580 0.635 0.688 0.718 0.738 0.790 0.834
Spa || 0.061 0.102 0.152 0.172 0.200 0.252 0.304 0.334 0.355 0.412 0.462
Swe || 0.310 0.339 0.375 0.389 0.409 0.444 0.479 0.499 0.513 0.551 0.583
Swi || 0.437 0.468 0.509 0.526 0.551 0.600 0.652 0.684 0.706 0.765 0.813
UK || 0.076 0.113 0.155 0.170 0.192 0.230 0.267 0.288 0.302 0.341 0.374
US | 0.164 0.193 0.231 0.248 0.273 0.327 0.396 0.440 0.471 0.546 0.599
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Appendix 2.C List of financial indicators used

From the database available on:
http://web.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTRESEARCH/ ...
...EXTPROGRAMS/EXTFINRES)/...
0,,contentMDK:20352338 menuPK:806638  pagePK:64168182 piPK:64168060 ~ theSitePK:478060,00.html

Central Bank Assets to total financial assets

Deposit Money Bank Assets to total financial assets

Other Financial Institutions Assets to total financial assets

Deposit money bank vs. central bank assets

Liquid liabilities to GDP

Central Bank Assets to GDP

Deposit Money Bank Assets to GDP

Other Financial Institutions Assets to GDP

Private credit by deposit money banks to GDP

Private credit by deposit money banks and other financial institutions to GDP

Bank deposits

Financial system deposits

Concentration

Overhead Costs

Net Interest Margin

Life insurance penetration

Non-life insurance penetration

Stock market capitalization to GDP

Stock market total value traded to GDP

Stockmarket turnover ratio

Private bond market capitalization to GDP

Public bond market capitalization to GDP

From the database available on:
http://www.worldbank.org/research/interest/confs/042003 /data.htm
Fraction of entry applications denied
Fraction of domestic entry applications denied
Fraction of foreign entry applications denied
Activity restrictions

Banking freedom
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State ownership

Foreign ownership

Economic freedom

KKZ index (A composite of six governance indicators (1998 data): voice and ac-
countability, political stability, government effectiveness, regulatory quality, rule of law. And
corruption. Higher values correspond to better governance)

Private credit

Total value traded

From Lane and Milesi-Ferretti(2006) database available on:
http://www.tcd.ie/iis/pages/planedata.php
Average Portfolio equity ssets + liabilities / GDP
Average Portfolio equity net / GDP
Average FDI assets + liabilities / GDP
Average FDI net / GDP
Average Debt equity assets + liabilities / GDP
Average Debt equity net / GDP
Average derivatives assets + liabilities / GDP
Average derivatives net / GDP
Average Total assets liabilities / GDP

Average Net external position
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CHAPTER 3

INTERNATIONAL REAL BUSINESS CYCLES AND R&D

3.1 Introduction

Since the seminal paper of Backus et al. (1992) that extended the closed economy
real business cycle (RBC) framework' to open economies this kind of model has been the
workhorse for analyzing business cycle fluctuations and commovements across countries.
With time, these models have been extended to cover a number of alternatives, away from
the original one. Among many, one of the assumptions of the original model that has been
relaxed was the typology of consumption goods produced. In the first models there was
only one homogeneous good produced by all countries. This original assumption was a
simplification, some of the implications of which were well understood, as for instance the
impossibility of the existence of exports and imports by the same country at the same time.
It is, therefore, not surprising that people working in international trade theory were among
the first to consider seriously the existence of different varieties as it allows for intrasectoral
trade among countries.

The works of Krugman(1979) and Helpman (1981) using Dixit-Stiglitz (1977) preferences
and Lancaster(1980) with the concept of "ideal variety" introduced the idea to trade theory
that the production of each country is composed of a set of different varieties. These models,
contrary to previous work in the field, allowed for intrasectoral trade across countries and
furthermore provided a framework to explain why fast growing countries do not have a
declining trend in their terms of trade(TOT) as previous models predicted. Krugman(1988)
argues that: ” Fast growing countries expand their share of world markets, not by reducing the
relative prices of their goods, but by expanding the range of goods that they produce as their
economies growth. What we measure are not ... fixved set of goods but instead aggregates
whose definitions change over time”. In this way, fast growing countries expand the set
of goods that they export, the relative prices of the individual goods do not change and
therefore the aggregate index of the terms of trade (TOT) is kept constant.

In the international business cycle literature we face a similar puzzle. The moments taken
from the data show that for some countries the TOT are weakly correlated with output or

that the correlation is even positive. This fact is difficult to replicate in theoretical models

!This framework was itself introduced in the literature by Kydland and Prescott (1982).

115

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120
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(where this correlation is, usually, negative) and furthermore the relative volatility of the
TOT to output is in data higher than in the theoretical models. This puzzle, which is usually
called the price anomaly, is in fact similar to the absence of declining TOT for fast growing
countries and therefore we might assume that a similar mechanism (that the fluctuations are
not only over the quantities but also over the varieties produced) might be working at the
business cycle frequency.

A second puzzle that fluctuations in produced varieties might solve is the consumption
correlation puzzle, i.e., the puzzle that measured cross country correlations of output are
usually higher than those of consumption which is difficult to replicate in theoretical models.
These fluctuations might solve this puzzle due to two mechanisms: first, if the fluctuations
in varieties shuts down international risk sharing through relative prices and might, even,
work in the opposite direction then it reduces the cross country correlation of consumption.
Second, measured consumption is done over the quantity of goods consumed, but utility
is driven from a mixture of quantity and diversity. Therefore, if produced varieties change
we might observe a low cross country correlation of consumption because different countries

might smooth utility by varying the quantity-diversity mix in different ways.

When we look to the business cycle literature we realize that the idea that each coun-
try produces a set of symmetric varieties has, already, a long history. The first models to
incorporate this idea assumed that goods from different countries were perceived as being of
different varieties (although each country produces a homogenous good). Examples of this
framework are Backus,Kehoe and Kydland (1994), Stockman and Tesar(1995) and Zimmer-
man (1997). Afterwards, the models have extended the previous one by considering that
each country produces a set of different varieties, the support for them being static; a recent
example is the model of Alessandria and Choi(2004)?. More recently these kinds of model
have endogeneized the number of varieties, such as in the model of Head(2002) with differ-
ent varieties of intermediate tradable inputs, where the number of firms is related to a fixed
cost or in the models of Ghironi and Melitz(2005)? and Corsetti et al. (2005)* which have
introduced a non-static set of varieties in the model by indexing the entry cost to wages and
a specific productivity factor of innovation.

Even if these models have fluctuations of varieties over time, the simulations done fail to

2Even if in this case they introduce a endogenous tradability mechanism, making that the number of
goods available at a certain point in time in each market varies.

3Extending the framework of Melitz(2003) where besides the entry of varieties mechanism he also considers
heterogeneous firms and a export cost making the tradability of each good endogenous to the model.

4This paper model is used to illustrate the sign of the reaction of the variables to changes in the factor
productivity of goods or in the entry mechanism but do not presents a dynamic simulation to study the
moments.
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replicate the moments from the data, and therefore the mechanism explained above is not
strong enough to solve consistently both puzzles. We think that this failure is due to the
fact that the simulations studied in most papers only have shocks in the productivity of the
goods sector or in the case of Ghironi and Melitz(ibid.), which have a specific productivity
component for the entry mechanism, they only consider simulations where the entry factor
productivity is linked to the productivity in the goods sector, and therefore the shocks affect
simultaneously both sectors. Therefore, in those simulations, the only source of fluctuations
in the number of firms/varieties in a given period is due to the shock in the productivity of

the goods sector and not an independent shock in the innovation/entry mechanism.

We argue that if we consider shocks in the total factor productivity of the final goods
sector there is no reason not to consider shocks in the innovation process not perfectly
correlated with the previous ones. In fact, when we look at variables that proxy the number
of new varieties introduced in the market each year ("registered trademarks"), the observed
volatility in data is higher than the one that we obtain in the models when we consider,
only, shocks in the productivity of the goods sector. Therefore, we will consider that the
number of varieties introduced in the market at each point is at same time a function of the
shocks hitting the production sector and of "creativity" shocks that increase/decrease the
productivity of those who are working in the R&D sector responsible for the creation of new

varieties.

With this in mind, this paper will introduce into an otherwise standard flexible price,
two countries IRBC model with a flexible labour market a R&D sector® responsible for the
introduction of new symmetric varieties, as is done in the endogenous growth literature in
the case of horizontal specialization®. However, the exit strategy is going to be modelled as a
fixed probability that the variety ceases to exist. The introduction of an explicit R&D sector
will allow us to check how the behavior of the economies differs when the shocks are in the
consumption goods sector, in the R&D sector, or when they hit the economy simultaneously
in both sectors. Although the introduction of the R&D sector will, in the end, be equivalent
to the formulation of the entry cost used in previous models’, the formulation used splits off
the creation process from the production process which might be useful for future refinements

of the model such as the inclusion of foreign direct investment or outsourcing.

°In the models that index the entry cost to wages, like Corsetti et al. (ibid.) or Ghironi and Melitz(ibid.),
the indexing is a proxy for an unmodelled R&D sector.

6See Romer (1987 and 1990). We could also think that if we considered the R&D sector with vertical
innovations as purposed by Segerstorm et al (1990) we would get similar results.

"Therefore the model studied in this paper can be considered an extension of Corsetti et al. (ibidem)
model, where we look to the shocks dynamics at business cycle frequency, as well as, the sensability to
different labour elasticities and home-bias, which are not adressed in that paper.
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From the results we will see that the impact of shocks in the two sectors have the opposite
effects on most variables, but alone they do not replicate the consumption correlation puzzle
or the price anomaly. However, when we allow for the existence of both kinds of shocks
simultaneously we verify that, in a number of cases, the model is able to solve the two
anomalies described above and increases the volatility of new varieties introduced in the
market at each period, matching the moments found in the data.

The chapter is structured along four sections. The first will describe the model and
derive the FOCs. The following will give the results for the non—stochastic steady state.
The next checks the dynamics of the model and the final one concludes and sets up the path

for future research.

3.2 The model

We will consider that each country has two sectors and is populated by n agents. The
first sector will produce consumption goods; however, these goods are not homogeneous, but
will be of different varieties set in a continuum . The second will produce new varieties,
expanding therefore the consumption goods support. The home country at time ¢ produces
the varieties indexed from 0 to vy, and the foreign country will produce those in the interval
0 to vps. At each time the agents will decide how much to consume of each variety and how
to allocate their time between leisure and labour in either sector. We can see the economic
environment in figure 3.1.

All contracts in the economy are expressed in nominal terms and prices are flexible. Due
to exogenous shocks the consumption basket changes over time, affecting the price level and
the terms of trade. So we have to consider the existence of money, but other than as an
unit of account money does not play any role so we’ll resort to a cashless economy (as in
Woodford(2003)) and will express a worldwide demand for money as in the quantity theory
of money: P.Y = M¥ .k, just to anchor prices. Otherwise, as we see later, even if we obtain

a determinate solution for relative prices, the nominal ones would be undetermined.

3.2.1 The Household “s problem

The representative household will want to maximize its utility function® at the present

moment (set to zero):

+oo
Ey>  B'.U(Chy; Hyy) (3.1)
t=0

8The problem will be stated for the home (H) country. Exactly analagous conditions will apply to the
foreign (F) country.
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Figure 3.1: A sketch of the economies

HOME COUNTRY FOREIGN COUNTRY

H Agents > F Agents

Labor N ) Labor
Supply Supply
Home ConsumptionSector Foreign Consumption Sector
Patents of Varieties Patents of Varieties
4 4
Home R&D Sector Foreign R&D Sector

where (3 is the intertemporal discount factor;

Cp, is the home aggregate consumption index of an individual agent given by:

6—1

Crra = ( | i) s+ [ (= Tk (9) ds) T sy

cg,t(s) is the per capita consumption of variety s produced in the home country and
consumed by home agents;

cgt(s) is the per capita consumption of variety s produced in the foreign country and
bought by home agents;

v and £ are parameters to model potential bias towards home goods such that v =
(0.5 + bias)? and 5 = (0.5 — bias)d.

T is the trade cost, modelled as an iceberg cost. Agents buy the quantity cgvt but part
melts on the way and therefore they only are able to consume (1 — T)cﬂt;

Hp, is the amount of labor supplied and;

0 is the elasticity of substitution across varieties
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The budget constraint is:

wH HE 4o 4ol > /0 pra(s).ch (s)ds + /0 pra(s)ch(s)ds+  (3.3)
b (L4 de) + (b — bys)?

where:

w! is the nominal wage in the home country;

bl is the total value of international bonds sold at ¢ by the representative home household
( b, being the steady state value which is zero);

7l are the total profits earned at time ¢ by the representative household (i.e., the per
capita profits). This is equal to the sum of the profits from the consumption goods sector and
the R&D sector of the home economy. We will assume that there is no foreign ownership.

pm+ is the price of home goods.

pr,: is the price of foreign goods.

1, is the interest rate at time t.

1 is the portfolio adjustment costs away from the steady state; the presence of those is
needed to enforce stability in the system as is shown by Schmitt-Grohe and Uribe (2003).

Moreover we are considering that the nominal exchange rate is fixed and equal to 1°.

The time constraint is:

VH,t

TTy=Lps+ Huyy = Ly, + / hug(s)ds + hiER (3.4)
0

T'Ty is the total time available to the home agent;

Hp, is the total amount of labor that is split between :
the producers of the different vy, varieties: fOUH’t he(s)ds;
and the amount of labor provided to the R&D sector: hiif.

and Ly is leisure.

3.2.1.1 The consumption price index and the demand equations

The consumption price index, following Obstfeld and Rogoff (1996), will be given by the
expenditure minimization problem to buy Cy,'°.

The home consumption price index, denoted by P, is:

1

Py, = o (yg)" . (pH,t(s))l_e ds + o (72)0. % o ds - (3.5)
J J o (s

9See appendix 3.D
10Gee appendix 3.A
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and the demand equations of the home agent are:

cg’t(s) = (m>_ Cry (3.6)

PH,t-Vg-

F _ Pra(s) - Ch -
)= (PH,t.vﬁ.u —T)) ) 7

Similar equations hold for the foreign representative household.

3.2.1.2 The intertemporal problem

The intertemporal problem is'!:

+oo
max Ey ¥ ".U(Crs; L) (3.8)

t=0

subject to:
H r7H H H o H o F
w, H'+b +7m, > / pH,t(s).cH,t(s)ds—i—/ pra(8).Cr4(s)ds +
0 0
(L i) + (b = bs)”
VH,t
TTH = LHJ + HH,t = LH,t + / hH7t($)d8 + hg?
0

The first order conditions (FOCg) of this problem, see appendix 3.B!?, are:

ou

2 APy (3.9)
oU
= M\
aLH,t Lt
)\gc’t.wfl = )‘f,t

)‘gC,t = pE; [)‘gC,t+1‘(1 +it)} — 20(b{" — bilg)

plus the restrictions.
Replacing )\gcyt in the fourth equation by the value from the first equation we get the
Euler equation:

oU 1 oU 1
— =BF
9o Pre PP

. (141 ) H 1H 1
0CH441 PH¢+1( +ir) | =200 — bss) (3.10)

1 Because Ly+ =TTy — Hp,, we replace the condition into the utility function making consumption and
leisure the dependent variables.

12 As total time available (TTy) is fixed the problem was solved considering that TTy = 1.
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3.2.2 Firms’ Problem

In both sectors firms will use labor as the only input factor.

3.2.2.1 The consumption goods sector

The home(foreign) country will produce a set of symmetric s varieties on the support
vector [0;vpe ([0, vE.] ).
Total production of goods of variety s in the home country is at time ¢ :

Y (s) = A H) (s) (3.11)

where ﬁfl (s) is the total labour used to produce variety s at time ¢ and A is the
productivity parameter subject to shocks, specified later.

Therefore total profits are:
H H(\vH H 7H H
I, (s) = p;"(s).Y, (s) —wy . Hy (s) — pvy’ (s) (3.12)

where p/ (s) is the price of home produced variety s at time ¢; w is the nominal value of
home wages at time t and pv/?(s) is the price of the right to produce the variety at time ¢
paid to the home R&D sector!'?.

At each point the R&D sector will charge the profit maximizing price for the royalty,
therefore consumption goods companies will at each point in time maximize the operating
profit:

—u 0, H j—
o, (s) =p; ()Y, (s) —w . Hy (s) (3.13)

Rearranging equation (3.11) we get ﬁf (s) = ?5—{55).

Moreover, total production of variety s has to be equal to the total consumption in both
countries:

Vi (s) = 2lfa(s) + e (s) (3.14)

where ¢jj,(s) (the total home consumption of home produced s variety) is equal to

ng.ci,(s) and ¢ ,(s) (the total foreign consumption of home produced s variety) is equal
to np.cp,(s).

So, operating profits can be written as:

—H Y, (s)
o, (s) = pi(s). (nm.chp,(s) +np.cp,(s)) —wf. AH = (3.15)
¢
H H
ng.cy () +ne.cp,(s)
= p;(s). (nu-ch,(s) +np.city(s)) —wf. L 7 it
t

13This price is as a royalty paid at all points in time by the production sector to the R&D sector which
owns the patents. Moreover, we will assume that these rights to produce are not tradable internationally.
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Per capita operating profits are:
wH ng
ot (s) = (110 = 5 ) - (e + 2E-chio)) (3.16)
ng

Replacing the consumption level of variety s by their demand functions:

pH,t(S)- 700

ng pH(s) o Crt-
nyg "\ Pp, g (1-T) 1-7).

0 -0
" L8 1 ng 1 Cry.
— s . - Chyi+ —. ’ -
(pt ( )) (PH’t.'yg.> Bt Ny (PFmW’g-(l - T)) (1-1T).

-9
1
He o0 WL <—PH,,5.45.> Crit
- (') S
t +”_F_( 1 ) Fyt-
ng PFyt.'yg.(lfT) (1-1).

ol (s) = (pf’(s)—z—g)- N = (3.17)

The firm will choose pf (s) in order to maximize the operating profits, considering that
the company is small enough that it would not influence the aggregate consumption price

indexes (Py: and Pp;) and the consumption bundles (Cy; and Cp;) and simplifying the

-0 —0
above expression by defining ; = | ——— Crai+—. —_—
o\ Pyt g \PpA2.(1-T)) (1-1).
we get:
Omoll (s)
— 0 3.18
apy' (s) (318)

(ptH(s))fe Q1 =0,
& \ & (3.19)
((1 —0)+0. (p(s)) " j—ﬁ) ~0
As 7 cannot be zero because consumption is strictly positive and and as § > 0 and the
prices will be finite (p;’ (3))_0 # 0, the product of both terms cannot be zero.Therefore the
first condition of equation (3.19) is impossible, from the second we get:

0  wl

(i (s)) = 9—1 AF (3.20)
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The total profits will be zero, as they will use the operating profits to pay the royalty,
which will be given by:

—=H 0 wf _u —H
I, (s) = 71 1.—A%.Yt (s) —wl H, (s) —pvl(s) =0 < (3.21)
¢
0w g H 7H H
& —— —=A7H, (s) —w.H, (s) —pv;'(s) =0«
6—1 A
0 —H —H 0 —H
& m.wf.Ht (s) —wi' H, (s) —pv'(s) =0 = <m — 1) wi' H, (s) = pvf'(s) &
1 —H 1
& mwf.Ht (5) = pvfi(s) & mw{{.nH.hf(s) =pll(s) &
H
poi(s) 1 pom
& e T Wi Byt (s)

3.2.2.2 The R&D sector

We will consider that the R&D sector is populated by a large number of small companies
that act competitively in the market; each of them takes market prices (wages, royalty, etc.)
as fixed. The aggregate production of R&D at time ¢ is:

Y, = g R P (3.22)

Af AP i the productivity parameter subject to stochastic shocks.

where
The new varieties developed at time ¢ are only available to the consumer goods sector
on the following period. The evolution of varieties is:
—H,RD
v = (1— 0 )ome +Y, (3.23)
where ¢V is the number of varieties that disappear in each period.
Total Profits of the R&D sector are:

J— VH,t —_
Hf]i) = / poil (s)ds — wf].HfI’RD (3.24)
0

At this point the R&D producers have to decide the number of varieties to produce. The
value is given by the arbitrage R&D condition (see derivation in appendix 3.C):

+oo
., oU pof wi oU
E T T (1-Y)y | = t : 3.25
! th—:i-lﬁ 8CH,’T PH,T ( 4 ) AtH’RD.PHﬂf aC’H,t ( )

Or in words, that the present real cost of developing a new variety in terms of utility
variation (rhs) is equal to the actualized future real value of the variety in terms of future

utility variation (lhs).
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This is just an entry condition, and is therefore only valid when the shocks to the economy
are small. If the shocks were too big, such that the optimal level of varieties in ¢ would be
inferior to (1 — <pV)UH7t,1 in this formulation there is no mechanism to store varieties for
later use!*. This formulation, despite being restrictive, is the same has been used in previous
models, whether in trade models as in Melitz(2003), in IRBC models as in Ghironi and
Melitz(2005) or in endogenous growth theory, see for instance Aghion and Hewitt(1999).

So, in the remainder of the study we will consider that the shocks hitting the economies

are small enough not to violate the lower bound of existing varieties at each point in time:
3.2.2.3 Specification of productivity shocks.

We will assume that the productivity parameters are subject to exogenous shocks, such
that:

log(A¢) = B xlog(Ai—1) + & (3.26)

H F
At & aix a2 @13 Aiq

F H
A — A N €t dB = Q21 Q22 A23 Q24

t = H,RD )y &t = H,RD | au B =
Ay €t as1 Q32 Q33 Qa3q
AFRD F,RD

t &t Qg1 Q42 Q43 Q44

er ~ N(0,0"1P) E(ey e,_;) =0 for j #0

3.2.2.4 Aggregating country total production

At this point we have to know how total production is calculated. The problem is that
we have more than one sector in each country. The nominal value of the production of the

final goods sector is:
Al (5) « Ffl(s) s vl % py(s) (3.27)

For the R&D sector the value of production is the number of varieties produced in that
period times the value of each variety patent. As we saw in equation (3.25) the cost of
producing a patent is equal to the future expected returns of it, therefore if anyone wants to
sell the patent that he owns in that period the price asked is exactly the cost of inventing

a new one. Therefore the total value of the production of the R&D sector in terms of the

14In fact, mathematically the only way to achieve a variety level below (1—¢" )vy ;1 would be to allocate
a negative amount of labour to the R&D sector, violating the non-negativity condition of this variable.
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consumption bundle Cy; is:

H
w —H.RD
U gnRD ]
AHED p
t Ly
which in nominal terms is:
—H.RD
wi « H,

Therefore the nominal production level is given by:

GDPYo™ = AP ()« H, (s) * v % pu(s) +w! « H" (3.28)

where the first parcel is the value of the consumption goods produced (that pays salaries

and the yearly return on existent patents) and the second is the value of the new varieties
patents produced.

3.2.2.5 The measured CPI, GDP and Consumption

As to the CPI, the institutions responsible for collecting statistics to measure it keep
constant the shares of expenditures over varieties and readjust it only at discrete points in
time due to permanent changes of consumption reallocation of expenditures and not due to
transitory ones; hence they are not measuring Py ,.

In our framework, in the steady state home agents consume vy gg.¢jj g home goods and
vrgs-(1 —T).ck ., of foreign goods. So these are going to be the weights given to home and
foreign prices.

Total expenditure is:
H F
VH,55-CH ss-PHt T VF,SS-Cy s5-DFt

It can be transformed into:

H F Prt
VH,55-CH ss-PH.t + Upyss.(l — T).CH7$$.1 7

So the price of home goods, as perceived by the home agent is pf s and for the foreign

s PF,ss
good is =k
Therefore the price index at any point in t is'®:
y
H F PFt
VH,S5-CH ss-PHt + UF,SS-(l — T)‘CH,ss'_17T

CP[H,t -

H F
VH,SS-CH ss + vF,SS'(l - T)‘CH,ss

15This is a fixed-base Laspeyres index. For details of different ways of calculating the CPI and on the
imputed bias see Feenstra and Shapiro(2001).
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The nominal consumption (expenditure) is:
Cirg" = Pus-Cry

which, deflated by the CPI, gives:

Py..C
C Hit-“YH
Ht CPI p ( )

As for the GDP to obtain the real value we deflate the nominal one defined by equation
(3.28) by the PPI'®) which is:

PPIy,; = Pr(s) = (by normalizing the steady state price to 1) = pg(s)

Pis(s)

So the real GDP in terms of home consumed goods is:

AH (s) * Ff[(s) x vl % pg(s) +wl *Ffl'RD

pH,t(S)

GDPy" = (3.30)

Therefore when we calibrate/parameterize the model it is these definitions of real GDP

and consumption that we will compare with the data.

3.2.3 Market clearing conditions

Finally we have to state the market clearing conditions.
For the consumption good markets we have that total consumption is equal to total

production, for both countries:

—H
N * ciFI{t(s) gk cgt(S) =Y () (3.31)
N * cht(S) +np* CF,t(S) =Y, (s)
n AH.H,{{ s
Cg,t(‘S) + nZ * Cﬁt(‘S) == ”H;( : =
o
ML o (5) + ey (5) = ALG)

, ng : o
ML Ciri(8) + ciy(s) = Al h{ (s)
No net bonds:
ng * b +npx bl =0 (3.32)

16\We saw before that varieties have an economic value, however in real data that price is in most cases
non-observable (most of the patents or trademarks are not traded). The construction of the PPT is usally
based on the prices of physical products.
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Finally, if we use the budget constraint:

wil B + 70 4+ b = Py Oy + b1 (14 i) + (b — bs)? (3.33)
considering that wi HI 4m[PRP = o T (pra(s). Y (s)ds and Pyy.Cry = [ pa(s).c(s)ds
+ f pri(s).cli(s)ds and subtracting from both sides own country goods consumption
(Jo ™ pra(s ) H(s)ds) and ignoring the financial asset (anyway in steady state b7 = 0), w
get:

/0 M ()Y (5)ds — /0 M pa(s).ct1(s)ds (3.34)

VH t VF,t VH,t
/ pH,t(s).cg(s)ds—l—/ pp,t(s).cfl(s)ds —/ pHvt(s).cg(s)ds
0 0 0
which is equal to:

‘[Wmm»mﬂwwﬂ»@j[%m@&@w (3.35)

On the left hand side we have the per capita production of the consumption good sector
that is exported, on the right hand side we have per capita imports, therefore the trade

balance for the home country is:

nHM”@m@>MWwwﬂ»w—[wmwnﬁwﬁﬂmwm (3.36)

Note that if the trade balance is different from zero, the sum of both trade balances
is not equal to zero due to the portfolio allocation costs: replacing equation (3.36) in the

budget constraint we get for the home country:
TradeBry = ng [b1.(1+i1) — b + (b — bds)?] (3.37)
and for the foreign country:
TradeBr; = np [b_1.(1+i-1) — b +¢(b — bgg)’] (3.38)
adding the previous equations:

TradeBp, + TradeBp, (3.39)

i [0 (L +dm1) = b + (b — bYe)*] 4+ np [b1.(1+4i-1) — b + (b — beg)?]
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using the no net bonds conditions at any point in time and considering that bgg = O:

TradeBy; + TradeBy; = 1 [nH.(th )%+ nF(—Z—Hbe )2} = (3.40)
F

oo (32 - ot (& + )

3.2.4 The First Order Conditions
The first order conditions are given by the price indexes!":

1

Paoa= (" (V)" (pra(s) ™ ds + o (+v5)". pr(S) AR (3.41)
/0 /0 ((1 T)

1

Pro= ([ 08 o) s+ [ ((Lnele) Ta) e
/ [ enr (G

3.

the demand equations’

-6
H pH(S)
= | ——= A4
Crr4(5) ( PH7t.7§> Chy (3.43)
5\ ¢
ek (s) = PEAS L 3.44
)=\, ona-1) -1 (349
()"
oF () = [ DR C 3.45
fo) =gy ) Cn (3.45)
5\ ¢
cl.(s) = Pr 13 Ui 3.46
re(s) P2 (1-T)) (1-T). (3.46)
the FOC from the consumption intertemporal problem!?:
oU
m = Agc,t'PHi (347)
ou
T \H A4
aLH,t Lt (3 8)
Micewl =M, (3.49)

1"For the home country it is given by equation (3.5)
18For the home country it is given by equations (3.6) and (3.7)
YFor the home country this is given by equation (3.9)
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the budget and time constrain

CHAPTER 3. INTERNATIONAL REAL BUSINESS CYCLES AND R&D

BCt = BE; [)‘BC,tJrl'(l + Zt)} — 20(b" — bys) (3.50)
ou
aCFt )\Bot Pry (3.51)
ou P
i .52
aLFt )\L,t <3 5 )
)\BCt wf )\ (3.53)
Nocx = BE; [Npcpr-(1+ Zt)} — 2(by" — bgs) (3.54)
the price conditions?:
(v(s) = —— v (3.55)
K 6—1 A '
H
po(s) 1 pon
0o T W it (s) (3.56)
0 wk
Fl)) — Wi
F
poi(s) 1 pop
e o W hy () (3.58)
the R&D profits and arbitrage condition®!:
—RD VH.t —H,RD
Iy, = / poll(s)ds — wi H, (3.59)
0
—RD Ut —F,RD
Iy, = / pol'(s)ds — wl . H, (3.60)
0
ac ] w;! agU
57’ t H,r H(l - @V)T_t_l — t H,t (361)
5% | =3 p
E B8 taCFTpU (1= = —L OCrs (3.62)
127 |3

£22:

VH,t VFE,t
thHtH + th + Wfl = / pH,t(s).cg’t(s)ds —|—/ Pre(s). cHt( )ds + (3.63)
0 0

+bt (T4 1)+¢(bH_b )2

20For the home country this is given by equations (3.20) and (3.21).

21For the home country this is given by equations (3.24) and (3.25).

22For the home country this is given by equations (3.3) and (3.4).
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VH,t

VFE,t
wi HE +bf +7F = / Pra(s).cp,(s)ds —|—/ pra(s).ciy(s)ds + (3.64)
0 0

+bE (L4 ) + (b — bEg)?

1= Lyy+ Huy = Ly + /0 " higa(s)ds + BED (3.65)
1=Lp,+ Hp, = Ly, + / o hiy(s)ds + hED (3.66)
the consumption goods market clearing condiotion523:
o (s) + Z—Z s cl (s) = AH hH(s) (3.67)
"H F F _ AF 3 F
o cpy(s) +cpy(s) = A hy (s) (3.68)
the no net bonds condition?*:
ng * b +npxbl =0 (3.69)
and the varieties evolution?:
Vg1 = (1 — 0" )omy + Yf’RD (3.70)
Vpir1 = (1 — ()OV)UEt + Yf’RD (3.71)

3.2.5 Equilibrium

An equilibrium of this economy at time ¢ is a collection of allocations for home consumers
i (), chri(s), hara(s) iR and by, for s € [0, v/']; allocations for foreign consumers cf,(s),
cﬁt(s), hr(s) hﬁ? for s € [0, vl } and bp,; allocations and prices for home final goods

producers [ny.cf (s) + np.cl,(s)] and pu.(s) for s € [0,vf]; allocations and prices for

foreign goods producers [np.ch,(s) + ng.cfy(s)] and pge(s) for s € [0,v{] ; allocations for
the number of varieties in the home country vy ; and in the foreign country vg,; allocations for
production of new varieties at home, vg 441 —v ¢ and in the foreign country vg;4q —Vv Fit;
the price of varieties in both countries, pvy,; and pvg,.and the nominal wages wg; and wg,
such that: (i) the consumer allocations solve the consumer’s problem; (ii) the consumption
good producers allocations solve their profit maximization problems; (iii) the production
and price of varieties solve the R&D producers profit maximization problems and (iv) the

market clearing conditions hold.

23For the home country this is given by equations (3.31)
24For the home country is given by equations (3.32)

25For the home country is given by equations (3.23)
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3.3 The Non-Stochastic Steady State

The above system is non-linear and it does not have a closed form solution. Therefore
we make use of numerical methods to study the dynamic properties of the model. Even
if it might not be necessary to derive the non-stochastic steady state (NSSS), it is a good
starting point as an initial guess; moreover, if we want to approximate the model with a first
or second order linearization, that solution is the usual point around which we linearize.

As we will see while deriving the NSSS, it is impossible to derive this explicit solution

without assuming country symmetry?°.

Before getting the specific relations for each functional form we can derive some general
results that are independent from the utility function used.

Start by considering that the steady state stock bond holding is zero (bfy = 0 and
bk = 0). This implies that equations (3.50) and (3.54) in the NSSS are:

Ao t2ebf

)\gat = 0. [)\gc,tﬂ.(l +ie)] — 20b BN (L+3) & (3.72)
PR 3 A 14401 — 20bF My +2ubf . )
BCt : [ BC,t+1-( + Zt)] Pb; BAEL . T (1 +1)
“ABC,t+1
1 21/)bH o . 21/)bH waF
Ly S = (1+i Loy 20bf 1, 20b7
N A TN AL i A
= 4+ T — (1 —+ Zt) __________
B 5-/\BC,t+1

Together with the no net bonds condition (b7 + b = 0) leads to:

L= (1+4)
5 3.73
{bf:bfzo (3.73)

This means that equation (3.61)?" can be written as:

+00 1 T—t wH
H VyT—t—1 t
, puy (1 —¢") = —rp & (3.74)
T—zt—:i-l <1 + Zt) At 7
1 % 1 wf
—.pU; . v — HRD
1 + & 1- 1451: At
1 H wy! H wrp 1 H
& —pu, . = —=s S wy = A —.pU;
i ATED e =S v b

26For symmetry we mean that the home-bias level, the steady state of the total factors productiveness,
the populations, the intertemporal and intratemporal elasticities and varieties death rate are equal across
countries.

2TMaking use of the result of equation (3.124) of appendix 3.C in steady state.
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and the same for equation (3.62):

1
= ADRP wF 3.75
wt SDV + Z.t pu; ( )

if we input the previous result into equation (3.56), we get:

H
pv; (s) 1 arp 1 H H
= — A" . .h .
ny 0 o 1 t SOV + Z-t p,UT t (S) <~ (3 76)
< o IEKH’RD ) = hf(3>
My 7
and: ( )( . )
AFED = h{ (s) (3.77)
F -4
implying from the symmetry of countries:
hH (s) = hP(s) (3.78)

Introducing the result of equation (3.77) on Hpy, = f Vit mi(s)ds + h . and knowing

AHRD 4 HRD

that in NSSS vy, = w‘I’{. £ we get:
0 —1) (i + @) ny. AZEP
Ry = ( le’RD ) — 41| b (3.79)
H -1 ¥
from the fact that the sum of hours in both sectors is equal to total hours worked we
get:
oV
hif = Hyy (3.80)

From equations (3.55) and (3.56) we get that wages are:

0—1 wH

A" = ¢ .81
6) t pH,t(S) (3 8 )
B F

0 1Af Wy
0 pri(s)

F
_wy

P t(s) = pre(s)”

From this equality and equation (3.78) we get from (3.56) and (3.58):

which implies, from symmetry, that

H F
pvy Py

pra(s)  pra(s) (3.82)
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Profits are:

VH H,RD
i = n—.pvf—th.ht’ = (3.83)
H

ARZ AR "
_ ) H H RD __ ) H H
= W.ZJ’Ut — W, ‘hH,t = (pv pUy — W, . (0 — 1) it i ngv ~HH,t

VFrt F,RD
il = n—.pvf—wf.ht’ = (3.84)
F

Aﬁ? F F RD Aﬁ? F F oV
= W.pvt — Wy 'hF,t = gpv pu, — Wy (9 — 1) it n e.gpv.HF’t

which implies that:

RD 4
7T[—[ 0 - 1 H Zt
= A H ‘
pr(s) 0 O —1)i+0.0V T (3.85)
RD .
TF 0-1.r Ut
= A H _
pr(s) 0 PO —1)i+ 0.0V Et (3.86)

So we can express all variables in terms of the own country tradable goods price as
functions of the total labour supply, but this will depend on the functional form used for the

utility function

3.3.1 The utility function

The functional form that we use for the utility function is:

(CHt)l—p (HHt)1+w (CHt)l—p (1 . LHt)1+w
. L — ) — k. ’ — ’ — k. ’ .
U(Ch; L) T, e e T b (3.87)

where w > 0 and % is the Frisch intertemporal elasticity of substitution. This utility
function implies that equations (3.47) , (3.48), (3.51) and (3.52) are:

(Cra) ™" = Nocy-Pry (3.88)
k(1= Lp,)™ = A, (3.89)
(CF,t)ip = AgC,t'PF,t (3.90)
k. (1= Lpy)™ = A}, (3.91)
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From appendix 3.D we get that Hy; = Hp; and therefore:

p(1—-0)
Af’RD w(1-0)+1—p6

(ohrts () + ()" =1p1) )
Hy, = j o
(9-(%—% ) _ (G*IA{I)l F ()

(0—1)iz+0.0V "

(3.92)

Having derived the NSSS for Hy;, we can also obtain the value of all the other variables
in terms of the prices of the tradable goods?®.

A deficiency of this utility function in this framework is that it is not in line with a
(ng.A2RD) T
A
negatively correlated with the productivity levels in both sectors and population size. One

1
H,RD\ T—
(nH'ASS )1 4

H

ASS
imply that with an increase in the productivity level of the consumption goods sector the

stable growth path. In fact Hp; depends on , which implies that Hp, is

way to fix this would be to set equal to a constant. However this would
productivity in the R&D would have to decrease, leading to a reduction in the number
of varieties. A second approach would be to relate the utility function to population and

p—1

1
) ) ) na AHLRDYT=0 P
technological progress. So if we consider <%> .- equal to a constant, than
SSs kP

H,RD ﬁ p=1
(nH.ASS )

k= k. AT . As k controls the level of negative utility driven from working,

then it would decrease with technological progress and population size. As for technological
progress we can reason that when it increases, not only are the workers more productive, but
also the work effort decreases, reducing the unpleasantness of working. As for population
increase, we know that this would lead to more varieties produced, therefore (and if we
think that different sectors require different abilities from workers, that these workers have
the same abilities endowment but their preferences over them differ ) the variety of work
available would increase and the representative agent would be capable to match better
their personnel ability usage preference with the jobs available. In this way the level of

unpleasantness from working would decrease.
OHy 1
oT

Moreover, we can check that > (0 which implies that :

aUH,t . aUH,T 6h§1€ aHh,T <0 (3 93)
OT — OhER OHy, OT ‘
O CO RS

28From before we saw that we can determine relative prices but not the level of the individual prices.
To determine this level we considered that there is a worldwide constant supply of money . For details see
appendix 3.E
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Therefore an increase in trade costs will increase the number of varieties produced.

Here we should think that if it is in line with trade theory, mainly this claims that if
we open the country to trade the number of varieties accessible to consumers increases but
the number of varieties produced worldwide decreases. Trade theory take the extreme cases
of autarchy versus free trade and the previous result is consistent with that. However, for
intermediate levels of trade costs the previous model implies that if we decrease trade costs
the number of varieties available in the market will diminish. But the number of varieties
available is not the same as access to them. We might think that if the trade cost decreases
the acessibility of foreign goods increases and hence the agent’s utility increases. A more
suitable index to summarize the access of agent to different varieties would be the value
of the consumption bundle Cp, therefore we expect that the lower the trade cost the
higher the value of this bundle. Figure 3.2 shows the results for different values of # and
w.Furthermore, it also shows that lower trade costs reduce the amount of labour in the

economy for the functional form of the utility function used.

3.4 Results and comparison with data

In this section we will analyze the results from the model for some selected parameters
and compare with results taken from the data. Therefore the next subsection will present
the estimation for a selected number of countries; the following describes the flow of events

and the last presents the results of the model for a number of parameterizations.

3.4.1 Some stylized facts

In order to compare the moments from the model we calculated the cross-correlation and
standard deviations from quarterly data of the G7 countries. The data collected were those
of GDP (both at constant and current prices), Consumption (at constant prices), civil em-
ployment and net trade (at current prices) , taken from the OECD Statistical Compendium,
Main Economic Indicators 2005/2 and the terms of trade (taken from Datastream, relying
on the national sources).

We first calculated the ratio of Net trade/GDP using both measures at current prices
and, afterwards, we applied a band pass filter to this ratio, to the TOT, to the civil em-
ployment and to the GDP and the Consumption series at constant prices as described by
Artis et al.(2003) retaining the fluctuations between 6 and 32 quarters following Baxter and
King(1999).

From table 3.1 we can see that consumption and labour are strongly positively correlated
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Figure 3.2: Impact of trade costs
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Price of Exports

e o1 - we can see that the correlation
Price of Imports

with output. As for the terms of trade, defined as
with output varies from being strongly negative as for Japan after 1994, Italy and post-92
Germany to positive values as for USA and Canada ?°. For UK, France and West Germany
the correlation was weakly negative. As for the ratio of net trade over GDP (nx) we realize
that the correlation with GDP is negative for all countries, with the exception of Canada.
Comparing the relative volatilities we can see that consumption, labour and nx are less
volatile than output (exceptions are Italy for consumption and labour, UK for consumption

and Canada for nx) as the terms of trade are on average 2.5 times more volatile than output.

From tables 3.2 and 3.3 we can see that usually GDP and Consumption are positively
cross-correlated, being that on the majority of the cases the cross-correlations of GDP be-
tween countries is higher than the one for consumption.

As noted in Ambler, Cardia and Zimmerman (2000) from these data two anomalies are
apparent that standard DSGE models have trouble replicating. The first is the quantity
anomaly. This refers to the fact that consumption appears in the data to be less correlated
across countries than output. Moreover in standard models as those of Backus, Kydland and
Prescott there is usually a negative cross correlation of output and labour and a positive one
across consumption, as in the data both are usually positively cross correlated.

The second is the price anomaly, the TOT?® are in DSGE models strongly negative
correlated with output. This is, after an increase in home output home prices decrease.
Moreover the volatility is quite low. Reducing the elasticity of substitution increases the
volatility to the values in data but at expense of a counterfactual low volatility of the balance

of trade with respect to output.

As for getting an idea of what are the moments across countries for product varieties
we can use the number of new registered trademarks even if this number does not coincide
exactly with the number of varieties in the economy. Some companies when launching a
new product do not register the trademark or extend the use of an existing trademark to
the new product. Also, some firms register a trademark without ever using it and others
register more than one trademark (words, logos, 3D mark, sound, etc.), associated with a

single product. Therefore, as with patents!, trademarks are not an exact representation

29We should note that the prices used include oil prices. A better indicator would be to have the terms of
trade without these.

30Tn this model terms of trade are defined as is usual in trade literature; Lrice of Exports
Price of Imports’

ally defined in IRBC models (m) . In the IRBC papers they usually depict a strong positive

Price of Exports

and not as usu-

correlation between TOT and GDP, which translating to our definition should be read as negative.
31For the use of patents as R&D indicator see Griliches et al(1986).
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Table 3.2: Cross correlations for GDP and Consumption - 1st set

7 Country 7 7 Jap(1) 7 Can 7 UK 7 Fra Ita 7 Ger 7 W Ger
USA GDP 0,441 0,181 0,735 0,673 0,079 0,324 0,272 0,754
Ce 0,461 -0,588 0,749 0,567 -0,077 -0,088 0,276 0,648
H 0,295 0,518 0,771 0,675 -0,004 -0,199 0,326 0,346
Period | (70Q1:99Q4) | (94Q1:04Q4) | (86Q1:04Q4) | (70Q1:02Q2) | (78Q1:04Q4) | (30Q1:04Q4) | (92Q1:04Q4) | (70Q1:90Q4)
Jap(l) | GDP 0,299 | 0404 | -0,130 | 0,242 0,725
C. 0,175 0,663 0,346 0,087 0,464
H -0,373 0,195 0,080 0,486 0,283
Period (86Q1:09Q4) | (70Q1:99Q4) | (78Q1:99Q2) | (80Q1:99Q4) (70Q1:90Q4)
Jap(2) | GDP -0,156 0,191 -0,150 0,105 0,254
Ce -0,457 -0,516 -0,408 -0,750 0,005
H -0,391 0,002 -0,372 -0,021 -0,095
Period (94Q1:04Q4) | (94Q1:02Q2) | (94Q1:04Q4) | (94Q1:04Q4) | (94Q1:04Q4)
Can | GDP 0,915 0,367 0,417 0,623
C, 0,872 0,143 0,024 | -0,100
H 0,899 0,266 -0,291 0,141
Period (86Q1:02Q2) | (86Q1:04Q4) | (86Q1:04Q4) | (92Q1:04Q4)
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of the ideal indicator. Even with these limitations the main advantage of using registered
trademarks are their simplicity and availability; even if it is not an exact representation
of market differentiation, it should be a close indicator. Therefore we will use the new
trademarks data as a proxy variable for the introduction of new products??.

The data used were registered trademarks in a given year by/or in the name of a resi-
dent from the World Intellectual Property Organization (WIPO). Data for Italy and unified
Germany are not available and for the remaining countries are only available at annual fre-
quencies. Therefore the moments reported below are for annual data where we applied the

band pass filter to frequencies of 1,5 to 8 years (corresponding to 6 to 32 quarters).

Table 3.4: Within countries moments of new trademarks
USA Jap Can UK Fra WGer

Period 1970:2001 1963:2000 1986:2001 1970:2001 1970:1995 1970:1989
Corr(y,tm) 0,274 | -0,247 | 0,1529 | -0,124 | 0,204 | 0,378
Corr(tot,tm) | 0,058 | -0,213 | -0,0306 | 0,053 | 0,3954 | -0,148

std(tm)/std(y) | 8,703 | 2,310 | 4,3156 | 8,905 | 18,706 | 2,970
std(tm)/std(tot) | 5427 | 2,462 | 3,312 | 4,739 | 5,980 | 0,956

From table 3.4 we can see that the correlations with output or the terms of trade do not
present a clear sign and averaging both correlations across countries they are almost zero.

From the volatility we can see that the registration of new trademarks is more (in some
cases much more) volatile than output and (in most cases) the terms of trade. An interesting
curiosity is that the higher is the ratio of volatility of trademarks in respect to output or terms
of trade the more positive is the correlation between the terms of trade and the introduction

of trademarks, however this sample is too small to say anything definitive about that.

From table 3.5 we can see that the negative entries are in the majority, however US,
UK and Japan have a positive cross-correlation of new trademarks registered as, also, West
Germany with Canada and France. Furthermore the overall average is close to zero. From
these values it seems that we cannot arrive at any general conclusion about its behaviour in

this sample.

32 Although there is some theoretical studies about trademarks there was almost no empirical studies using
trademarks until recently. The main reasons were that trademark offices have only recently began to make
these data public and national offices have paid little attention to collecting such data in any homogeneous
form. Two recent studies that look at trademark data are Luini and Mangano (2004) and Mendonca et
al.(2004) The first try to correlate trademark deposits with economic activity and the second discusses the
merits of using these data as an innovation indicator.
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Table 3.5: Cross correlations of new registred trademarks

‘ Country ‘ ‘ Jap ‘ Can ‘ UK ‘ Fra ‘ W Ger ‘
USA 0,539 ‘ -0,210 | 0,398 | -0.353 | -0,388
Period | 1964-2000  1975-2001 | 1967-2001 | 1964-1995 | 1964-1989
Jap -0,382 | 0,3602 | -0,374 | -0,254
Period 1975-2000 | 1967-2000 | 1963-1995 | 1963-1989
Can -0,404 | -0,136 | 0,573
Period 19752001 | 1975-1995 | 1975-1989
UK 0,234 | -0,234
Period 1967-1995 | 1967-1989
Fra 0,491
Period 1963-1989

3.4.2 Flow of events

The sequence of events in the model is the following: (i) at the beginning of time ¢ the
number of varieties is pre-set (the varieties are state variables), (ii) shocks hit the produc-
tivity of the different sectors; (iii) consumers solve their utility maximization problem as
producers solve their profit maximization problem (labor in the different sectors, produc-
tion of consumption goods and of new varieties, bond contracts sold and consumption levels
are set, and prices are fixed). (iv) The production of new varieties extends the support of

consumption goods varieties to be produced in the next period.

3.4.3 Results from the model

The model was solved using a numerical method, namely a perturbation method around
a second order linearization purposed by Schmitt-Grohe and Uribe (2002) and the results
were drawn from 1000 simulations of 100 periods each??.

Before presenting the results of the model we should parameterize it3*. Most of the

33Tha random generator processor for the shocks was seeded in order to have the same series of shocks
over the different simulations. Data from the simulations were filtered as the real data.

34We showed before that the model had a unique solution, but not if it was stable around the steady state.

Even if the stability issue is not derived exactly, from the simulations we noted that for some combinations
of parameters the model would not be stable. These combinations had a common feature: all of them lead
to high profits on the R&D sector and a shock to the model would trigger a mechanism where one country
would increase the varieties indefinitely (leading the number of them and the price of the final goods to
infinity).

These combinations would be a low 6, a slow death rate of the shocks in the R&D sector and a slow death
rate of varieties (V).
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parameters of the model are standard and we can find in the related literature sensible

values for each of them. The parametrization of the standard parameters was:

£ = 0.99 (implying a steady state interest rate of 1.01%, therefore we assume each period
is one quarter)

p =2

0 = 1.2;and 1.7%;

A =1and k = 1;

np,=np =1;

w = 10 and 1 which implies Frisch elasticities of 0.1 and 1, respectively;

bias =0.2 (v = £ = 0.7429. and ~§ = i = 0.3667) and 0 (v}, = v = ~+H = 4k =
0.5612);

T =0.0 and 0.1;

1 = 0.00037 following Schmitt-Grohe and Uribe (2003);

However ¢" and the stochastic processes are harder to define.

The first is not a standard parameter in other models, at least considering that it de-
scribes the death rate of products. For instance, Ghironi and Melitz(2005) have set a similar
parameter to 0.025, however they have parameterized it according to the death rate of
companies, not products. Therefore we can think that products have a higher death rate
than companies . Bayus(1998) measured the life time of personal computer brand models.
His estimates of the average lifetime of brand models was 3.52 years for established com-
panies and 3.89 years for new entrants. Souza, Wagner and Bayus (2004) in a theoretical
model designed to assess the optimal time between the launch of new products obtained
estimates that ranged from 2 to 52 quarters; for a significant number of tested values in
that paper the estimated period was around 10 quarters. From these studies, we selected
a ¥ = 0.075.(average lifetime of 13.3 quarters®®) which seems to fall between the values
reported in the papers cited .

As for the stochastic processes we have to take into account what is the R&D sector. In
a substrictus sensus we can think that the R&D sector in the model is what we are usually

told R&D is, this is, a number of scientists and engineers trying to invent new technologies.

35Tn our framework this would imply that the elasticity of substitution across any two goods is 1.2. or
1.7. Although the value is much smaller than the usual values used in other papers for substitutability
across goods of the same country it is in line with the values found for the elasticity across goods of different
countries: see footnote 5 in Bergin and Glick(2004) or Ruhl(2003).

361 conducted a sensitivity test on this value, but the results were qualitatively invariant to the ones
presented in the next sections, see appendix 3.F
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However in the model the R&D sector is responsible for the introduction of new varieties.
That differentiation of products can come from new technologies (being the result of the
traditional R&D), the assembling of old technologies in a new way (being part of product
development), or just due to a subjective differentiation of the product (in this case branding
and marketing would be responsible for the new variety). The approach we take about what
is R&D is of fundamental importance. If we take R&D in the substrictus sensus then the
amount of labour devoted to it will be a small percentage of total labour ; however if we
consider it in the latus sensus then R&D would include not only scientists and engineers (the
traditional view of R&D) but also all other workers that are part of the differentiation process
of goods (marketers, lawyers, managers, etc.) In this way the total amount of labour devoted
to product differentiation can be a considerable part of the total labour in the economy?®’,

still we need to offer some alternative cases to examine.

3.4.3.1 Case 1: Shocks just in the TFP of the consumption goods sector

For the first parametrization we followed the Backus et al. (1994) parameterization of

the stochastic shocks and consider that there are no shocks in the R&D sector:

log(A;) = (1 — B).log(Ass) + B * log(A;—1) + &

with:
AH eF 0.906 0.088 0 0
AF eH 0.088 0.906 0 0
Ay = ¢ , € = ¢ and B =
tT| AILED I 0 0 00
APRP el P 0 0 00
and

E(e/',ef) = 0,258 and E(¢/',e{_;) =0, j #0

var(ef?) = war(ef) #0
var(sf{7RD) = var(sf’RD) =0

As in their model, we do not expect that this model will replicate the data, but just use
it as a benchmark to measure up the following parameterizations of the stochastic shocks.

Therefore, from tables 3.6 and 3.7 we can see that we have a number of moments that are at

37See a similar discussion in Aghion and Hewitt (1999) pp. 436-448.
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odds with the empirical data. For the within country correlations: the ones between output/
labour and output/NX have in the model the inverse sign relative to the ones that we find
in data. As for the one between output/TOT it is strongly negative in the model but from
the data we can only find such strong negative relations for Germany and Japan during the
nineties. For the other countries is either mildly negative or positive.

As for the cross correlations between countries, the correlations between outputs are too
low, the ones between consumption are too high the ones of hours worked are too high when
compared with data. Furthermore the cross-country correlations of consumption are in the
data less correlated than the cross country correlations of output than in the model. This
fact, is due to the fact that in the model there are two mechanism operating, first consumers
can sell/buy bonds in order to smooth consumption, that can be seen in the IRF of net
trade balance in figure 3.3, as the shock hits the final goods sector of home country the
production of these goods increase due to the shock but also because labor in that sector
increases, however home county will increase the value of exports relative to imports as the
foreign country will finance it by selling bonds. Second the Cole and Obstfeld (1991) effect
is operating, the TOT decrease, making home goods relatively cheaper than foreign ones,
and therefore, even if foreigners would not finance their increase in consumption by selling
bonds they could increase consumption because, now, for the same quantity of foreign goods
they would get more home goods.

As for the varieties indicators the main difference with the one obtained from data is
that the volatility of those relative to GDP is too low.

Even if most of the moments are at odds with data, we should take into account two
issues: home bias vs. trade costs effects and the impact of different values of the elasticity
of substitution.

First the introduction of a home bias works differently than trade costs when reducing
the consumption correlation gap. In fact when considering the consumption as the nominal
expense deflated by the CPI, the cost of transportation is included in the consumption
aggregate. In this case consumption is in fact composed of three components: home goods,
foreign goods and transport services. Therefore when the country not hit by a positive
shock in the final goods sector wants to risk share consumption it will increase the amount
of foreign goods and transport services consumed. In this way they will have an amount of
consumption expenditure identical to the one that had the positive shock, and correlations
between expenditure do not suffer a great variation as when there are no trade costs. If we

look to the volume of goods consumed (cf, * vy + (1 — T).cjy, * vg,y)*®, the country not

38 Correlations not included in the tables.
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Table 3.7: Estimated moments for case 1- 2nd set

0 1,7 1,2 1,7 1,2 1,7 1,2 1,7 1,7 1,2 1,7
T 0 0 0 0 0 0 0 0,1 0,1 0,1
bias 0 0 0 0 0,2 0,2 0,2 0 0 0
w 1 1 10 10 1 1 10 1 1 10
Cross countries correlations
corr(y(h),y(f)) -0.273 | -0.081 | 0.076 0.203 | -0.223 | -0.027 | 0.113 | -0.273 | -0.080 | 0.076
(0.212) | (0.227) | (0.225) | (0.218) | (0.217) | (0.228) | (0.224) | (0.212) | (0.227) | (0.225)
corr(ce(h),c.(f)) | 0.997 | 0.998 0.995 0.979 0.904 | 0.884 0.921 0.994 0.998 0.992
(0.001) | (0.00) | (0.003) | (0.011) | (0.046) | (0.055) | (0.039) | (0.003) | (0.001) | (0.004)
corr(h(h),h(f)) 0.899 0.991 0.987 0.993 0.951 0.99 0.994 | 0.899 0.991 0.987
(0.048) | (0.004) | (0.007) | (0.00) | (0.024) | (0.006) | (0.004) | (0.048) | (0.005) | (0.007)
Varieties indicators (calculated on annual based values)
corr(y,nv) -0.759 | -0.649 | -0.796 | -0.782 | -0.750 | -0.705 | -0.831 | -0.755 | -0.650 | -0.796
(0.141) | (0.18) | (0.109) | (0.125) | (0.144) | (0.160) | (0.094) | (0.147) | (0.182) | (0.109)
corr(tot,nv) 0.250 0.04 0.947 0.027 | 0.213 0.097 | 0.933 0.254 0.042 0.169
(0.277) | (0.292) | (0.027) | (0.285) | (0.281) | (0.29) | (0.039) | (0.275) | (0.292) | (0.034)
std(nv)/std(y) 0.365 0.221 0.169 0.046 0.373 0.223 0.131 0.346 0.217 | 0.187
(0.07) | (0.051) | (0.035) | (0.016) | (0.072) | (0.048) | (0.025) | (0.073) | (0.050) | (0.015)
std(nv)/std(tot) | 0.361 0.188 0.187 0.051 0.348 0.187 | 0.141 0.352 0.188 0.948
(0.110) | (0.059) | (0.015) | (0.025) | (0.106) | (0.059) | (0.014) | (0.109) | (0.059) | (0.027)
corr(nv(h),nv(f)) | 0.858 0.987 | -0.873 | 0.947 | 0.896 0.971 | -0.786 | 0.849 0.987 | -0.873
(0.09) | (0.11) | (0.077) | (0.052) | (0.069) | (0.022) | (0.121) | (0.097) | (0.011) | (0.077)
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Figure 3.3: Shock in the consumption sector of "home" country, according to case 1. (1st

Set)
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Figure 3.4: Shock in the consumption sector of "home" country, according to case 1. (2nd

Set)
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hit by the positive shock will allocate a higher share of its expenditure to transportation
services, reducing in this way the amount of effective consumption, in this case the cross
correlations of consumptions between countries will be lower. With home bias both measures
of consumption have almost the same variation, as the differences of shares between home
and foreign goods consumed are due to the preferences of consumers and not to the need to

buy an extra service: international transport.

A second issue is that a low Frisch elasticity combined with a high elasticity of substi-
tution leads to a negative cross-correlation between new varieties. If we look at the impulse
response functions *(figures 3.3 and 3.4) we can note that in this case after a positive
shock in the home sector of the consumption goods sector, there is an increase in workers
in that sector and a decrease in the R&D sector. As in the foreign country (in spite of the
productivity of the final goods sector increase afterwards) there is a decrease in the workers
in the final good sector and an increase in the R&D sector. This means that after a shock
the countries specialize in the sector in which they have a relative comparative advantage (a

transitory Ricardian comparative advantage).

For low values of the elasticity of substitution the intertemporal substitution effect of
allocating effort to R&D through time is not strong enough to counterbalance the income
effect that leads to a reduction on hours worked in both sectors, affecting more the final
good than the R&D. For that reason we see that hours worked in both sectors and in both
countries decrease. Anyway, even if weak, the re-allocation of hours worked in R&D produces
the result that the share of hours dedicated to it is lower in the country that was hit by the

positive productivity shock than in the other one.

3.4.3.2 Case 2. Shocks just in the TFP of the R&D ("creativity" shocks) without interna-

tional contamination

Due to the lack of data on new products introduced in the market for different economies
we have to resort to judicious choices of the relevant parameters. First, we will suppose that
the death rate of the shocks is twice as high as the death rate of shocks in the TFP of the

consumption goods sector considered in the previous case.

log(A;) = (1 — B).log(Ags) + B xlog(A;—1) + &

39The IRFs depict relative response, therefore a 100 response is equal to one standard deviation of the
shock (100%).
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with:
Al eF 00 0 0
AF el 00 0 O
Ay = f , €t = ¢ and B =
LT AILED I 0008 0
APRD el BD 00 0 08
and:
E(e"™, &™) = 0,V el
var(e?) = war(ef) =0
var(ef"™) = war(el"P) £0

From tables 3.8 and 3.9 the first striking fact, when comparing with the shocks in the
previous case is that the volatilities of all the variables, relative to GDP are higher. This
is due to the reduced response of output when the shocks are in the creative process rather
than in the production of final goods.

In the previous case the home GDP response to a positive shock was unambiguously
positive as the foreign GDP response was negative at the impact of the shock, increasing
afterwards . In the home country this was because the increase in production of final goods
but also because the decrease in R&D production due to the relocation of labour to the final
goods sector was compensated in part by a high value of varieties in terms of final goods
(remember that we are measuring output in terms of final goods). In the foreign country
after the shock in the home country, the reverse happens. At the impact there is a decline
in labor overall and a shift of labor to the R&D sector, decreasing production of final goods
and as varieties worth less in terms of final goods GDP declines. Afterwards not only overall
labor increase but also the value of new varieites increase leading to an increase of GDP
measured in terms of final goods.

In the current case the positive responses are smaller and may even be negative. This
is because the relocation of labour to the R&D sector and more production in that sector is
mitigated by the lower value of varieties (in terms of final goods). In order to home GDP
have a positive response (after a positive shock in the R&D productivity) the increase in
R&D production has to be big enough to compensate the decrease in production in the final
goods sector, as well as, the lower value of the produced varieties. The response is negative
when we have a low Frisch and substitution elasticities. For the low Frisch elasticity almost

all of the responses are due to the reallocation of labour between sectors and not from the

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120



153

3.4. RESULTS AND COMPARISON WITH DATA

(290°0) | (8¥2°0) | (627°0) | (6L0°0) | (1€€°0) | (€25°0) | (FP0°0) | (6S0°0) | (L1€°0) | (POF°0)
TEST | €80T | LFPPZ | 0LST | 66T | €5v'c | ¥9P0 | GE€T | G260 | 9Tz | (L)p3s/(xu)pas
(Fe10) | (£280) | (628°0) | (061°0) | (0¥60) | (9€0°T) | (1¥€°0) | (PST0) | (L28°0) | (628°0)
€6C°¢ | €88°¢ | 6TFF | 6SL°¢ | SI6'C | GL8F | Sev'e | 98z€ | 6.8°€ | LIFT | (A)pis/(303)pis
(820°0) | (gg¥°0) | (c15°0) | (z€0'0) | (19€°0) | (¥9S0) | (€70°0) | (820°0) | (92F°0) | (315°0)
0020 | PEST | 68F'C | GgT0 | SPLT | 6€LT | 8TT0 z0 8e8'T | L8¥'C | (L)pas/(w)pas
(c¥1°0) | (221°0) | (P1°0) | (8ST°0) | (182°0) | (¥ 0) | (sL1°0) | (€¥T°0) | (8TT°0) | (€€T°0)
T€9°0 | GOE'T | 6£6°0 | S6L°0 | €8G°T | L£&T | L6870 | 9£9°0 | S0€T | Sv6'0 | (L)pas/(0)pas
(1200) | (212°0) | (28T°0) | (920°0) | (1¥2°0) | (¥61°0) | (€80°0) | (20°0) | (112°0) | (94T°0)
T€6'0 | €8€°0 | G€S'0 | L1600 | TIT0 | GEL0 | €TL0 | €86°0 | G8€'0 | GE€G0 (xu‘f) 100
(1200) | (202°0) | (281°0) | (020°0) | (212°0) | (861°0) | (190°0) | (120°0) | (L02'0) | (28T°0)
136°0- | 1S2°0- | T0T°0- | 9€6°0- | 9€2°0- | ¥10°0- | €68°0- | 1360~ | 8¥z'0- | TOT0- (109°4) 1100
(1600) | (7220) | (881°0) | (880°0) | (¥61°0) | (89T°0) | (18T°0) | (060°0) | (¥g&'0) | (881°0)
89.°0- | 0Z1°0 | €2€0 | 08L°0- | 920 | SLF0 | 67°0- | 89470~ | 12I'0 | SG€0 (&) 1200
(¢12°0) | (2L0°0) | (19T°0) | (L9T°0) | (20T°0) | (8LT°0) | (¥ST'0) | (TT2°0) | (020°0) | (LST°0)
LTT°0 | 29L°0 | 660°0- | SSP°0 | ¥SL°0 | 6S2°0- | L8P0 | 1800 | ¥9L°0 | ¥L0°0- (?2'K) 1100
sjusmoua %.EQSOQ Q:ﬁﬁ\s
01 I T 01 I T 01 01 I T @
0 0 0 g0 g0 g0 0 0 0 0 serq
10 T°0 10 0 0 0 0 0 0 0 L
LT 1 LT LT A LT Al LT 1 LT 0

J9S JST - ¢, 9SeD I0] SJUouow PoJewI)Si ¢ O[Rl,

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing

European University Institute

DOI: 10.2870/82120



CHAPTER 3. INTERNATIONAL REAL BUSINESS CYCLES AND R&D

154

Table 3.9: Estimated moments for case 2 - 2nd set

0 1,7 1,2 1,7 1,2 1,7 1,2 1,7 1,7 1,2 1,7
T 0 0 0 0 0 0 0 0,1 0,1 0,1
bias 0 0 0 0 0,2 0,2 0,2 0 0 0
w 1 1 10 10 1 1 10 1 1 10
Cross countries correlations
corr(y(h),y(f)) 0.256 0.673 | -0.932 | -0.615 | 0.626 0.885 | -0.910 | 0.260 0.674 | -0.932
(0.225) | (0.141) | (0.033) | (0.157) | (0.155) | (0.057) | (0.043) | (0.224) | (0.141) | (0.033)
corr(ce(h),c.(f)) | 0.941 0.927 | 0.938 0.714 0.486 0.543 0.595 0.978 0.938 0.973
(0.030) | (0.412) | (0.03) | (0.161) | (0.205) | (0.209) | (0.162) | (0.011) | (0.035) | (0.013)
corr(h(h),h(f)) -0.240 | -0.423 | -0.105 | -0.204 | -0.189 | -0.292 | -0.067 | -0.238 | -0.421 | -0.103
(0.207) | (0.183) | (0.218) | (0.227) | (0.210) | (0.202) | (0.219) | (0.207) | (0.184) | (0.218)
Varieties indicators (calculated on annual based values)
corr(y,nv) 0.138 | -0.129 | -0.426 | -0.738 | 0.284 | -0.095 | -0.901 | 0.140 | -0.130 | -0.899
(0.270) | (0.272) | (0.245) | (0.13) | (0.257) | (0.235) | (0.056) | (0.270) | (0.271) | (0.056)
corr(tot,nv) 0.806 0.809 0.82 0.736 0.797 | 0.778 0.813 0.806 0.809 0.820
(0.100) | (0.102) | (0.096) | (0.131) | (0.106) | (0.115) | (0.101) | (0.100) | (0.102) | (0.096)
std(nv)./std(y) 9.946 4.727 5.228 3.93 10.909 | 4.609 5.728 9.960 4.725 5.230
(2.958) | (1.423) | (0.672) | (0.738) | (3.239) | (1.206) | (0.741) | (2.963) | (1.420) | (0.672)
std(nv)./std(tot) | 2.379 1.387 1.549 1.17 2.383 1.393 1.504 2.375 1.384 1.547
(0.406) | (0.241) | (0.261) | (0.327) | (0.425) | (0.258) | (0.264) | (0.406) | (0.241) | (0.261)
corr(nv(h)nv(f)) | -0.406 | -0.377 | -0.426 | -0.168 | -0.348 | -0.292 | -0.377 | -0.405 | -0.376 | -0.426
(0.247) | (0.253) | (0.245) | (0.285) | (0.258) | (0.268) | (0.255) | (0.247) | (0.253) | (0.245)
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Figure 3.5: Shock in the R&D sector of "home" country, according case 2. (1st Set)
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Figure 3.6: Shock in the R&D sector of "home" country, according case 2. (2nd Set)
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variation of hours worked, the increase production in R&D is completely surpassed by the
decrease in final goods and the decrease in the value of new varieties and, therefore, after
a positive shock in R&D productivity we have a negative response of output. As for the
low elasticity of substitution the preference for varieties is so high that in fact in the steady
state most people are working in R&D, therefore the positive shock leads to a very marginal
reallocation of hours worked, but anyway to a decrease in the relative value of varieties (even
if smaller than in other cases), with production levels in each sector almost unaltered as the

value of production in R&D diminishes, leading to a marginal negative response of output.

The foreign GDP also reverses the responses of the previous case. Initially increases
as labor in final good sector increases due to a shift from the R&D sector to the final
goods sector, although labor overall decrease, and because the price of new varieties increase
compensating the decrease in production in the R&D sector. Afterwards those initially
responses the variables revert to the initially values, leading to a decline on foreign GDP,
and even reaching a lower level than at the moment of the shock. This might happen
because the number of varieties is inferior to the steady state, labor moves from the final
goods sector to the R&D sector leading to a decline in final goods production and an increase
in varieites, but as the price of varieites is declining the increase in production in R&D does
not compensante in terms of value the decline in the final good sector, so measured foreign
GDP in terms of equivalent final goods will be for a period lower than at the moment of the
shock.

A second difference is in the response of consumption. In this case consumption decreases
after a positive shock. This is due to two factors: first, home consumers reduce consumption
at moment zero, to invest in R&D expenditure and, hence more varieties. Second, the agents
do a trade off between quantity and diversity. After a positive shock, they prefer less quantity
of each good (and overall) to consume a bigger array of goods. In the foreign country (except
in the case of home-bias) the negative response of consumption is even higher. That is due
to the fact that the price of home goods is higher relative to foreign ones (the home country
produces less of each variety and foreign country produces more, therefore the TOT of home
country increase), therefore foreign consumers in order to import home goods and benefit
from the increased number of varieties have to give away a higher quantity of own produced

goods, therefore the measured consumption decreases.

With the introduction of a home bias, each country takes more utility from its own
goods. In this case the home country will have to reduce consumption in order to finance
R&D, as it cannot finance it by selling bonds and continuing to consume foreign goods (nor

do home agents derive that much utility from foreign goods, nor are foreign agents interested
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because they cannot take as much utility from the increased number of varieties). As we will
see this latter fact is going to be crucial when comparing the cross-correlations of GDP and
consumption.

A third result is that the cross correlations of output, completely invert the correlations
found on the previous table and are more extreme. When the Frisch elasticity is high the
correlation is positive. As we said, the responses are mainly due to reallocation of labour
across sectors, that leads to a reduction of the GDP of the country hitten by the positive
shock and an increase of GDP in the other one. When the Frisch elasticity of labour is high,
the increase in hours worked in the country hit by the shock allows that we have more people
in the R&D sector without sacrificing much production in the other sector, and, therefore
the output response is positive, hence a positive cross country correlation of output. As
for the cross-country correlations of consumption we can see that those are usually lower
than the ones found in the previous case, reflecting to some extent that consumers cannot
use the risk sharing mechanisms as well as before because as the shock is in the R&D
sector it turns more acute the decision between quantity and diveristy. However in most
cases the variation on this mix is not strong enough to revert the comparision between the
cross country correlations of GDP and consumption. In fact, without home bias, foreign
consumers continue to value diversity high enough to export increased quantities of goods to
have access to more varieites. Is only when there is a home bias and therefore each country
value more the goods it produces, that home country financing of R&D has to be done
at the expense of consumption, therefore they prefer diversity to quantitiy. In the foreign
country agents do not care about the increased diversity of goods from the home country
and expands consumption of own goods in terms of quantitiy, hence prefering quantitiy to
diversity. In this case the cross country correlation of consumption is reduced to the point
that this one is lower than the cross country correlation of output (5th and 6th columns of
table 3.9), producing therefore the consumption correlation puzzle. However as noted before,
the volatilities of the variables relative to output are quite high.

As for the correlations of the TOT and net exports with output they are respectively
negative!® and positive, as before. However in many cases the estimated value is not sig-
nificant, and therefore, together with higher volatilities of those variables relative to output

there is some degree of success in replicating the price anomaly. The case described be-

40Tn Corsetti et al.(2005) they got a positive long run impact of these kind of shocks in TOT (2};78)

and in relative output, which would suggests a positive correlation between those variables. However that
result is the long-run steady state response to permanent shocks. As for temporary shocks the TOT jump
immediately to a higher level decreasing afterwards and output has the tendency, in most cases, to decrease
slightly when the shock hits the economy increasing afterwards before returning to equilibirum. These initial
movements are the responsible for finding in the cases presented negative correlations.
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fore that replicates the consumption correlation puzzle is also the one that has the lower
correlation of TOT with output.

However the high volatilities of consumption and hours worked relative to output , the
negative output-consumption correlation (for high values of the elasticity of substitution) and
the negative cross country correlation of hours worked are at odds with the data and the
previous apparent success in replicating the anomalies is achieved at expenses of obtaining

other counterfactual moments.

3.4.3.3 Case 3. Shocks just in the R&D sector ("creativity" shocks) with strong negative

contamination

In this case we will consider that a country that has a shock in its creativeness process
will have a negative impact on the introduction of new varieties by the other country.
We will also consider that this advantage (disadvantage) is long lasting, so the subsystem

RD RD RD . .
A:’ = ( — B) * A:’_l —&—5:’ 1S near to a unit root.

log(A;) = B * log(Ai—1) + &

with:
AH eF 00 0 0
AF el 00 0 0
A, = ¢ , Ep = K and B =
t| afED L cHED 00 08 -0.19
APRD gl P 00 —019 08
and
B(e",e57) = 0vj el
var(e?) = wvar(ef) =0
var(el"™) = wvar(elP) £0

The idea is that if one country has a positive(negative) shock and introduces in that
period more(less) varieties than normal it will stay one step ahead (behind) in the innovation
race!!, therefore the scope of creativity on the other country decreases (increases) as there are
less (more) market opportunities available. Figure 3.7 shows this idea. In period one both

countries create the same number of varieties (in the scheme the home country explores the

41 The innovation race is characterized by a continuous upgrading of existing products; there are no inno-
vative jumps.
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first two lines of the puzzle as the foreign country explores the two bottom lines), therefore
the initial range of possibilities on both countries is equal in period 2 (adding puzzle pieces
in front of the previous). In period two, the home country has a positive creative shock,
therefore it not only introduces more varieties but also increases the range of possibilities
to create in the subsequent period (in the figure more space to add puzzle pieces). When it
takes advantage of that increased scope (in period three it adds puzzle pieces in the third
row) it reduces the creativeness range for the foreign country (in the figure it can just add

puzzle pieces in the fourth line).

Figure 3.7: Contamination schematics

1 2 3
Home country Y ([ |
Foreign country ”m]m]m]] I:| %

From the IRFs (figures 3.8 and 3.9) the first fact worth noting is that after the initial
positive shock both countries increase the amount of hours worked in R&D. If this increase is
normal in the country hit by the positive shock, the other one will increase because it knows
that in the future the productivity will be lower. There is kind of "rush to innovation",
where the foreign country tries not to lose too much in relation to the home country. The
other main difference is the response of home output, that in this case is always negative;
this is due to the fact that the relative price of varieties in terms of the final good decreases
more than in the previous case, making that the value of R&D output less valuable in terms
of final goods. This increased devaluation in the value of varieties is due to a much higher
persistence that increases not only the response of varieties in both countries but keeps them
away from the long run steady state values for a longer period.

From tables 3.10 and 3.11 we can realize that most of the moments are at odds with
data, the only exception being the output - hours worked correlation for high values of the

Frisch elasticity and the cross country correlation of hours worked (both are positive). The
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Table 3.11: Estimated moments for

case 3 - 2nd set

0 1,7 1,2 1,7 1,2 1,7 1,2 1,7 1,7 1,2 1,7
T 0 0 0 0 0 0 0 0,1 0,1 0,1
bias 0 0 0 0 0,2 0,2 0,2 0 0 0
w 1 1 10 10 1 1 10 1 1 10
Cross country correlations
corr(y(h),y(f)) | -0.166 | -0.076 | -0.908 | -0.272 | -0.027 | -0.082 | -0.883 | -0.174 | -0.087 | -0.914
(0.210) | (0.23) | (0.043) | (0.218) | (0.214) | (0.230) | (0.053) | (0.209) | (0.230) | (0.040)
corr(cq(h),c.(f)) | 0.205 0.38 0.012 | 0.563 | 0.556 | 0.424 | 0.143 | 0.237 | 0.379 | 0.021
(0.218) | (0.211) | (0.218) | (0.184) | (0.159) | (0.203) | (0.212) | (0.214) | (0.211) | (0.218)
corr(h(h),h(f)) 0.939 | 0.926 | 0.992 0.63 0.961 0.834 | 0.903 | 0.946 | 0.938 | 0.994
(0.028) | (0.034) | (0.004) | (0.143) | (0.018) | (0.073) | (0.044) | (0.024) | (0.028) | (0.003)
Varieties indicators (calculated on annual based values)
corr(y,nv) -0.271 | -0.424 | -0.905 | -0.701 | -0.208 | -0.382 | -0.910 | -0.274 | -0.426 | -0.901
(0.259) | (0.223) | (0.048) | (0.151) | (0.262) | (0.207) | (0.047) | (0.258) | (0.222) | (0.051)
corr(tot,nv) 0.721 0.74 0.846 | 0.756 | 0.698 | 0.651 0.839 | 0.719 | 0.737 | 0.841
(0.133) | (0.13) | (0.081) | (0.11) | (0.143) | (0.161) | (0.087) | (0.134) | (0.131) | (0.083)
std(nv)./std(y) 6.308 3.17 5.23 5.703 | 6.537 | 2.746 | 5.574 | 6.254 | 3.134 | 5.233
(1.667) | (0.799) | (0.567) | (1.212) | (1.707) | (0.632) | (0.612) | (1.660) | (0.786) | (0.587)
std(nv)./std(tot) | 2.055 1.076 1.642 1.897 | 1.820 | 0.873 1.384 | 2.029 1.066 1.624
(0.404) | (0.208) | (0.243) | (0.326) | (0.375) | (0.193) | (0.214) | (0.400) | (0.207) | (0.243)
corr(nv(h),nv(f)) | -0.148 | -0.154 | -0.515 | -0.357 | -0.065 | 0.082 | -0.464 | -0.143 | -0.145 | -0.507
(0.276) | (0.275) | (0.216) | (0.251) | (0.280) | (0.279) | (0.229) | (0.276) | (0.275) | (0.218)
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Figure 3.8: Shock in the R&D sector of "home" country, according case 3. (1st Set)
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Figure 3.9: Shock in the R&D sector of "home" country, according case 3. (2nd Set)
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remaining correlations are wrongly signed or weaker/stronger than in the data. As for the
relative size of the volatilities, the output volatility is low which produces the result that
consumption and hours worked are much more volatile in respect to output in the model

than they are in the data.

3.4.3.4 Case 4 - Shocks in both sectors

Finally we tried some combinations of the stochastic shocks in both sectors. Before
proceeding to comment the results we should advert to the reason why a certain combinations
of both might solve the consumption correlation puzzle and the price anomaly.

Comparing the IRFs (figures 3.3 and 3.4) from the shock in the consumption goods
sector with the IRFs (figures 3.5, 3.6, 3.8 and 3.9) from the shock in the R&D sector we
can see that on all the variables the shocks lead to variable responses that are in general
the opposite, however the intensity of the response differs. This difference in intensity might
be such that for certain combinations of the correlation of the shocks and of the relative
volatility of them might be able to replicate some of the puzzles found in data. The next
two subsections will combine the shocks in the consumption sector according to case 1 with
the two studied for the R&D sector (case 2 and case 3).

Case 4.1 - Case 1 and 2 The parameterizations tested for the stochastic process were:

AH eF 0.906 0.088 0 0
AF el 0.088 0.906 0 0

Ay = ! , Ep = ¢ and B =
| ARRD N =l 0 0 08 0
APRP gl FP 0 0 0 08

Elel',er) = 0,258 and B’ e7;) =0, j #0
B 2) 0, frv i 1
) = var(éf) 70
) = war(efP) £0
no trade costs and
Bt i) = 0,55 085

var(eP"P)

var(el

H,RD
var(g,

— = 31
var(ey)
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In this parameterization the two added parameters were the correlation between shocks
on both sectors and the relative volatility of them. As for the first we considered a positive
correlation as part of the shocks can be the outcome of events common to both sectors. As
for the second we tested for equal volatilities and for a stronger volatility in the R&D sector.
Anyway, in principle the creative process of developing a new variety should be more volatile
than the process of producing it.

From tables 3.12 and 3.13 we can see that the cross country correlations for output and
hours worked are negative (with the exception of either the Frisch elasticity or the elasticity
of substitution are low), and furthermore the cross country correlations of consumption are
higher than those for output. Neither of these results is in line with the correlations found
in the data where the cross correlations are positive and that of output is higher than that
of consumption.

As for the within country correlations and those regarding the new varieties the ones
that follow closer the data are the cases where the volatility of the shock in both sectors is
equal. However, even in this case the TOT are less volatile in the model than in the data.

When we increase the volatility of the shocks in the R&D sector we increase the volatility
of the TOT but reduce the ouptut-consumption correlation and increase the volatility of the
hours worked when the Frisch elasticity (é) is low. When the Frisch elasticity is higher, we
get values for those moments closer to the data, however the output-hours worked correlation
is negative.

Overall, we can see that we are never able to replicate the consumption correlation puzzle
and even if we can replicate the price puzzle that is done at the expense of conterfactual

moments for other variables.

Case 4.2 - Case 1 and 3 The parameterizations tested were:

AH ef 0.906 0.088 0 0
AF ell 0.088 0.906 0 0
A = t , € = t and B =
t| AfED N = 0 0 08 —0.19
APRD el RP 0 0 —019 08

From tables 3.14 and 3.15 we can see that in columns one to three and in the last two
the cross country correlation of consumption is lower than the one of output. The necessary
condition seem to be that shocks in both sectors have to be highly correlated. Furthermore
for equally sized shocks in both sectors the elasticity of substitution has to be low (1,2) but
as the volatility of shocks in R&D relative to those in the final goods sector increases the

consumption correlation puzzle is replicated for higher values of elasticity of substitution.

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120



167

3.4. RESULTS AND COMPARISON WITH DATA

(660°0) | (L21°0) | (161°0) | (160°0) | (FST'0) | (2¥T°0) | (L¥T0)
00S°0 | 9G8°0 | 6£6°0 | 0TS0 | G280 | TIPSO | ¥FS0 | (£)pis/(xu)pys
(ocT0) | (o1€'0) | (19¢°0) | (€01T°0) | (6€€°0) | (T12°0) | (102°0)
9720 Gea'T | 9991 0LV0 | €3ST | TOT'T | 9601 | (£)pas/(z03)pas
(8er°0) | (s12°0) | (gez0) | (1€1°0) | (2€0°0) | (L91°0) | (991°0)
629°0 022’1 LPT'T | FIL0 | 2910 | OFT'T | LOT'T (L)pas/(q)pas
(etro) | (791°0) | (6£1°0) | (660°0) | (801°0) | (060°0) | (801°0)
8Y9°0 | 2680 | L1970 L67°0 | 89L°0 | 0€F°0 | 2970 | (£)pas/("0)pss
(#61°0) | (861°0) | (20z'0) | (181°0) | (g2z°0) | (¥81°0) | (281°0)
GF0°0 | 9%0°0- | €81°0 T12°0 | 091°0 | ITT°0 | %00 (xu'A) 1100
(912°0) | (981°0) | (L12°0) | (612°0) | (812°0) | (991°0) | (691°0)
2000~ | S6£°0 0v0°0 | 2000 | ¥200 | 06%°0 | ¥ST0 (109°4) 1100
(zst'0) | (0¥1°0) | (081°0) | (£91°0) | (g61°0) | (911°0) | (21T°0)
617°0 | G190 | GEF'0 | 0050 | 661°0-| 6¥9°0 | 0990 (&) 1100
(¢v1°0) | (9¢1°0) | (012°0) | (2L1°0) | (280°0) | (L81°0) | (0€Z°0)
129°0 V.70 90€°0 €%S°0 | T08°0 | 6970 | ¥ST0 (?0') 1100
sjuomowt AI11Uno) Ui A
80 80 G0 80 80 80 80 (e 2
I ¢ ¢ I ¢ £ 8 i
T I I I 01 I I a2}
20 z0 z0 z°0 z0 0 z0 sD1q
g1 g1 LT LT LT LT LT 0

J0S 1ST - [ 95D I0J SJuotoW pajetu)sy ¢l ¢ 9[qRlL,

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing

European University Institute

DOI: 10.2870/82120



CHAPTER 3. INTERNATIONAL REAL BUSINESS CYCLES AND R&D

168

Table 3.13: Estimated moments for case 4.1 - 2nd set

0 1,7 1,7 1,7 1,7 1.7 1,2 1,2
bias 0.2 0 0.2 0.2 0.2 0.2 0.2
w 1 1 10 1 1 1 1
porlel 20 3 3 3 1 3 3 1
E(er, &™) 0.8 0.8 0.8 0.8 0.5 0.8 0.8
Cross country correlations
corr(y(h),y(f)) | -0.069 | -0.102 | 0.609 | -0.158 | -0.067 | 0.226 | 0.016
(0.225) | (0.228) | (0.147) | (0.220) | (0.222) | (0.215) | (0.224)
corr(co(h),ce(f)) | 0.692 | 0.903 | 0946 | 0907 | 0717 | 0425 | 0.603
(0.134) | (0.046) | (0.027) | (0.043) | (0.124) | (0.216) | (0.153)
corr(h(h),h(f)) -0.333 | -0.395 -0.075 -0.318 -0.251 -0.325 | -0.263
(0.195) | (0.186) | (0.226) (0.201) | (0.200) | (0.199) | (0.211)
Varieties indicators (calculated on annual based values)
corr(y,nv) 0.739 | 0.691 0.331 0.698 0.475 0.632 0.646
(0.124) | (0.133) | (0.228) | (0.141) | (0.221) | (0.179) | (0.174)
corr(tot,nv) 0.769 0.786 0.768 0.332 0.698 0.742 0.300
(0.123) | (0.112) | (0.123) | (0.251) | (0.148) | (0.131) | (0.254)
std(nv)./std(y) | 4.327 | 4.384 | 3.516 | 2.600 | 4.482 | 3.580 | 2.090
(0.765) | (0.791) | (0.928) | (0.490) | (1.145) | (0.842) | (0.477)
std(nv)./std(tot) | 4.216 | 4.011 | 2.558 | 6.007 | 2.872 | 2.480 | 3.573
(0.775) | (0.700) | (0.471) | (1.624) | (0.597) | (0.471) | (0.983)
corr(nv(h),nv(f)) | -0.413 | -0.466 | -0.364 | -0.441 | -0.393 | -0.362 | -0.395
(0.233 | (0.221) | (0.243) | (0.227) | (0.238) | (0.243) | (0.237)
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Table 3.15: Estimated moments for case 4.2 - 2nd set
0 1,7 1,7 1,7 1,7 1.7 1,2 1,2
bias 0.2 0 0.2 0.2 0.2 0.2 0.2
w 1 1 10 1 1 1 1
rorlel 20 3 3 3 1 3 3 1
E(er,er™P) 0.8 0.8 0.8 0.8 0.5 0..8 0.8
Cross country correlations
corr(y(h),y(f)) 0.455 | 0.483 | 0.640 | 0.128 | 0.127 | 0.484 | 0.298
(0.168) | (0.161) | (0.134) | (0.212) | (0.209) | (0.171) | (0.199)
corr(ce(h),c.(f)) 0.299 | 0.252 | 0.294 | 0.565 | 0.539 | -0.057 | 0.101
(0.210) | (0.219) | (0.212) | (0.160) | (0.162) | (0.232) | (0.227)
corr(h(h),h(f)) | 0918 | 0.869 | 0.905 | 0.896 | 0.935 | 0.810 | 0.814
(0.036) | (0.054) | (0.048) | (0.046) | (0.028) | (0.085) | (0.085)
Varieties indicators (calculated on annual based values)
corr(y,nv) 0.502 0.497 0.238 0.466 0.173 0.131 0.255
(0.216) | (0.217) | (0.264) | (0.229) | (0.277) | (0.255) | (0.262)
corr(tot,nv) 0.547 0.525 0.689 0.160 0.573 0.587 0.356
(0.166) | (0.162) | (0.121) | (0.217) | (0.180) | (0.169) | (0.201)
std(nv)./std(y) | 4.439 | 4.727 | 3.124 | 2628 | 3.848 | 3.121 | 1.769
(1.138) | (1.220) | (0.958) | (0.672) | (1.090) | (0.828) | (0.506)
std(nv)./std(tot) | 2.667 | 2.984 | 1.997 | 2.334 | 2.068 | 1.207 | 1.332
(0.608) | (0.673) | (0.377) | (0.611) | (0.473) | (0.276) | (0.338)
corr(nv(h),nv(f)) | -0.098 | -0.179 | -0.448 | -0.103 | -0.088 | 0.043 | 0.028
(0.275) | (0.269) | (0.226) | (0.276) | (0.276) | (0.279) | (0.280)
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Focusing on those columns we can check what happens to the price anomaly. First we
see that in all those columns (1 to 3, 6 and 7) the values reported for the corr(y,TOT) are
not significantly different from zero. Anyway those closer to zero are the first three columns.
(High elasticity of substitution, high correlation between the shocks of the two sectors,
relative high volatility of the shocks hitting R&D when compared with the volatility of the
shocks of the other sector). Looking to the relative volatilities we can see that in all of them
the TOT are more volatile than output as the net exports are slightly less volatile as output.
Also here they go in the direction indicated by data, even if the volatility of the TOT is not
as high as in the data in general and the one of net trade is not as low as the one found for

US but relatively equal to the ones found for other countries.

Furthermore in two cases the correlation output/hours worked is negative. One is when
the elasticity of substitution is low with equal sized shocks and the other when the Frisch
elasticity ( %) is low. That keeps the first two columns and the 6th, as possible cases even if
the correlations hours worked/GDP are lower than in data and the cross country correlation
of hours worked is positive but quite high. Therefore it seems that, although correctly
signed, there is an issue in the labour market that is not well captured by the model.

Finally looking at the annual moments in respect of new varieties the use of registered
trademarks as proxy was quite uninformative about correlations, as they seem to be quite
diverse. The only indication was that the volatility of them should be higher than the
volatility of output. In the model all the parameterizations replicate the volatility size of
new varieties, but show a positive correlation of this variable with output and TOT which
is at odds with data, even if in some cases the zero is not away more than 2 std of the value

found.

In conclusion we might say that with a high Frisch elasticity, volatility of the shocks
in R&D higher than the shocks in the other sector and with a strong correlation between
the shocks in the two sectors that the stochastic processes of cases 1 and 3 seem to, at the
same time, replicate the consumption correlation puzzle and the price anomaly*?. There are
only two results that do not connect well with the data. The first has to do with the labour
market where the cross-country correlations of labour, and the correlation of this one with
output, although correctly signed, are too strong or weak, respectively, when compared with
data (even that if we increase the wage elasticity of labor - lower w - to values around 2 we
get closer to the data moments). The second has to do with the correlation between new

varieties and the ratio of output to the TOT. In these cases both are positive in the model,

42 A5 said before, different values for ¢¥ do not change the results qualitatively. For further details see
appendix 3.F
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but from data we should expect something closer to zero and/or larger variances.

3.5 Conclusion and future directions

Many contributions have attempted to solve the consumption correlation puzzle and the
price anomaly, however most of them were directed to one of the two issues. In this paper
we proposed a model where we allowed for the existence of shocks in different sectors, one
in the total productivity of final goods production and the other in R&D creativity with the
aim of solving, simultaneously, both puzzles.

As for choice of the parameters this was done from a calibration exercise (focusing in
adjusting the theoretical moments to the data values) but keeping them inside the bounds
of what the literature assumes as reasonable for those that are standard. For the non-
standard ones, this is the volatility and the stochastic process of creative shocks, the time-
series available for the creative-destructive process of varieties from industrial surveys are
too sparse in time and heterogeneous across countries to be used . Therefore we calibrated

them for a number of different alternatives.

The results showed that those two kinds of shocks alone are not able to replicate most
of the (unconditional) moments of the data and both have, with different magnitudes, the
same problems. However, even if the impact of shocks on different variables leads to similar
moments, the fact is that the relative response of the variables is not equal in each case, for
which reason, when we allowed both shocks to coexist we found that we could replicate most
of the moments from the data, including the correlation puzzle and the price anomaly. This
was so for reasonable values of the standard parameters together with a strong correlation
between the shocks in R&D and the productivity shocks in the final sector and with negative

contamination across countries in the stochastic process of the R&D shocks.

Even if we get some degree of success in replicating the moments from the data, the
international commovements of investment , the home-bias puzzle, an analysis of the impact
of outsourcing variety production (rather than just exporting the final product) and the
effects of pricing to market were not addressed by the previous model. Therefore future
research would be to extend the current framework to introduce capital and international
capital markets to tackle the first two issues, to consider patents internationally tradable
to tackle the third issue, and to consider that the elasticity of substitution/markup to be a
function of an "accessibility index to varieties" to tackle the fourth issue. A final issue would
be to use the data from industrial surveys, where we will have to collect and homogenize

them across time and countries, to get some reasonable estimates of the R&D stochastic
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process from the data and to check whether the parameterizations of the model that can

replicate the moments from data can be considered reasonable or not.
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3.A. THE CPI AND THE DEMAND EQUATIONS 177

Appendix 3.A  Obtaining the consumption price index and the demand equa-

tions

So the problem for the home country is:

VH t VF,t
win [ pu(o)cli(s)ds+ [ pralo)ch(s)ds
0 0

H . F
CH+CH,t

subject to:

0
VH,t 6—1 VF,t 0—1 0—1
Cry = (/ Y- (cii(s)) ° ds+/ Yir- (1= T)cp(s)) ° dS)
0 0

The Lagrangian is:

£(clh(s):chy(s)) = / T () el (s)ds + / T () ek (s)ds + (3.94)

FAH - CH,t—< vat Vi (CHt(S)L dsj1 )
+ I A (L= T)efp (s)) 7 ds

acgf(s) =0
VEL -1 a1
)i ( . IL VH( (g;))) o ) DA (el T =0
" (3.95)
acgf(s) =0
th I o1 721
(3.96)

and,
VH ¢ 7 P -1 -1
Cas = ([t ) T s [ (0= Do) T ) (3.97
0
Simplifying equations (3.95) and (3.96), we get:

pH,t<s>.—AH,t.(+f{F tWH( (H;>)L<‘j)+d) A ()T =0 (3.98)
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1
0—1

foUH’t Vir- (Cg,t(s)) ' dsil
n fovp,t ,yz ((1 — T)CZ¢(3))T ds

Pri(s). — )‘H,t (

Transforming equation (3.97) into:

S

(Ch.e)

and replacing into (3.98) and (3.99), we get:

pHJ(‘S)- - AH,t--'Yg- (CH,t)g (Cg,t<5>) =0

Vi (L =T). (1 = T).ci,(s))

S

S

Pra(8). = Ay (Cry)

Solving for ¢jj,(s) and cfy,(s) :

() = (M> Cna

)\H7t..'yg.

cinels) = (AH,ﬁE,’ﬁ)_ T) ) k (1le )

replacing into equation (3.97) and re-arranging:

A = ( [ 0m o as e [ on)" (545)

) V(L= T). (L= T).cy,(5) 7 =0

=

(3.99)

_1

VH,t 0—1 VF,t 0—1 0—1
- (/ v (el (s)) ds+/ Yir- (1 =T)ep,(s)) ° ds) (3.100)
0 0

(3.101)

=

=0 (3.102)

(3.103)

(3.104)

1

1-6 -6
ds> (3.105)

Therefore Ay, is the home consumption price index, that we will denote by Pp; :

Py = < [ oy as+ [ 6h)" (ﬁ_%)

and the demand equations by the home agent are:
()"
H PH\S)-
cps) = =—— Cry
e (PH75>

F (3) _ < pF,t(S) )9 CH,t~
Ht Py ~h.(1=T) (1-T).

Similar equations hold for the foreign representative household.
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Appendix 3.B  Solving the household intertemporal problem

Jg (CH,t;LH,t : HtH,be) = EO
Note that:
H

’ﬂ't:

“+o00

2B

t=0

U(Cr; L)+
wl HE +bF 4+ 7H—
+)\gct- - OZHYtpHJ(S).Cg’t(S)dS_
’ = Jo " pra(s)-chry(s)ds—
=L (1 + ) + (b — bis)?
M\ (Lpy + Hy — 1)

VH,t
H HRD _ _H.RD
/ ' (s)ds + my =
0

As we saw in section 2.3, 7 (s) = 0.

Also:

/ pHyt(s).cgt(s)ds + / ppyt(s).cgyt(s)ds =
0 0

VH,t
’ th(S)-
= PH(8)- <—
/0 )‘H,t--Vg'

0

179

(3.109)

(3.110)

(3.111)

—0 Ve -0
’ th(S) Chy.
C ,d5+/ Pr(s < ’ ) :
) o 0 rels) Agey-(1=T)) (1=T).

VH,t VF,t 1-6
: B : s
= / (prre(s))' 7. (75)9 (Pr)’ Crryds +/ <pF’t( )) : (75;)6 (Pr)’ Creds =
0

1-T

ds =

=(%W7mﬂml@W@“B+Am(Tf?y4(%D@>Gﬁf0m=

using equation (3.5), we obtain:

= (Py) " (Puy)? Cy = Pyy.Chy

Replacing equations (3.110) and (3.111) in (3.109), we obtain:

£ (C’Hi;LH,t : HtH;be) =

Ey

U(Cry; L)+
w1 HF 4 b1 4 7l
+/\gC,t‘ —Pgy.Crry — b (1 +41)+
(b — bgs)?

M\ (Lpy + Hyy — 1)
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The FOCs at any time t are:
ou

s A Prg (3.113)
oU
— )\
aLH,t Lt
)‘gC,t'wfI = )‘Ifll,t

)‘gC,t = pE; [/\gc,t+1‘(1 + Zt)} — 20(b{" — bilg)

plus the restrictions.
Replacing )\gcvt in the fourth equation by the value from the first equation we get the

Euler equation:

ou 1 ou 1

— = (F .
0Cu+ Puy PE: 0CH+1 Pri

(L +14) | — 29 (b — bEs) (3.114)
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Appendix 3.C Deriving the R&D arbitrage condition
The R&D arbitrage condition states that the marginal cost of financing the production

of an extra variety has to be paid by the marginal increase of future revenues.

The future flow of nominal profits expected at time ¢, valued at ¢ is:

v —+H,RD
RD < oo (s)ds — wl . H, +
VHLT puH (8)ds—wH . D
E, | Ty, + Z Bt L VE NN oo b ”:L)d i (3.115)
T=t+1 H(1 + Zj ) H(1+i§{)
j=t

j=t

Note that 77 is the interest rate that a home consumer will use when he decides to post-
pone consumption, this is, we can see this as a game between the home agent today against
himself tomorrow. If he wants to anticipate/postpone consumption from tomorrow/today
to today/tomorrow the agent would sell/buy a bond to himself at that interest rate. The

Euler equation would be similar to equation (3.10) but with adjustment costs equal to zero:

ou 1 ou 1
: 1+ 3.116
3 s = By Py 1+ ) (3:16)
The arbitrage R&D condition will give that:
9 TP
B | T, + Z T LA (3.117)
Ovp 41 =11 T
H(l + ifh)

j=t

. ~H,RD . . .
But from equation (3.23) dvg,1 =dY, , we can rewrite the previous equation as:

RD

d H’T
5 | B I, + Z —A2T =0 (3.118)
T=t+1
! * H(l + 4 1
j=t
implying:
(fOUH’t pvil(s)ds — HH PN
9 oo VT poH (s dsfw_qu.H_r D
oy D B |+l b ifl) =0 (3.119)
! [Te+m
j=t
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Replacing vy, by the relation implied by equation (3.23) :

(s poft (s)ds — wit ™) +
0 (1 eV)op 1477 ,IED ° —H,RD
_— pvH (s)ds—wH H; —
7D Ep | 4yoie - 0
H(1+z’f)
Jj=t
Replacing vg -1 :
( UHtpUt (s)ds — w HHRD)+
A% v v H, RD +H,RD
__?IRD Ey | 45fee fo(l A0 )+YT_1 poll (s)ds—wH HI P =0
ayt T=t+1 T—1
H(1+z‘f )
j=t
(3.120)
and continuing replacing vy ._; backwards:
< S puf (s)ds — H.ﬁtH’RD) +
0 Sy a-eV)iT 1Yf If’D I —H,RD
d HY _
ST Ey| 430 bt T purl(ds—ud =0 (3.121)
! [ o+
j=t
. —==H,RD .. .
Replacing H, by the relation implied by equation (3.22):
- " ?fI,RD
(™ pofts)s =l Sy ) +
t
0 f i pvH (s)ds—wH b kit
- T T+ H,RD —
oD Eof jyree 2 _ at 0 (3.122)
[ o+
which gives the R&D arbitrage condition:
— 1 H VyT—t—1 w/!
Ey Z p—) por (L= )7 | = AHRD (3.123)
r=t+1 H<1 i t
J
i j=t J
Note that, if we use equation (3.116):
] ou 1
. 0CH,t+1 " PHt+1
Tl = PE; aU_l] (3.124)
t CH,t P
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and
U 1
/B oCy, t+1 PH t41 5 BCH t+2 Py, t+2
E|—| =k T (3.125)
1 /8 8CH,T.PH,T
N e BU 1
H(l + Zj) 9CH,r—1 PH,r—1
| 7=t i
ou 1 ou 1 ou 1 ou 1
— 5" tE 9CH t+1 " Pri+1 OCH+2 Put+2 0CuH,r  Pu - - ﬁTﬁtE dChH .+ Py,
- t au 1 U 19U 1 - t U 1
9CHt " Prt 0CH 141 Pui+1  0CH.—1 Por_1 0Cu,t Prt
equation (3.123) would turn into:
—+o00 [‘)U 1 H
T—1 8CH T PHT H VT—t—1| _ Wy
T=t+1 6CH’,5 PH,t 13
“+oo _ou_ H H
T— taCH‘r pU VT—t—1| __ wt
<~ Et E ﬁ P (1 - ) - AH’RD P g
r=t+1 8CH L HT t At

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing
European University Institute DOI: 10.2870/82120



184

Appendix 3.D Showing that parameter symmetry in countries leads to equal

pricing and real variables in the NSSS
Using equations (3.49) and (3.81) we can rewrite equation (3.89) as:

0—1 0—1
k(l - LHVt)w == pH(S)‘TAngC,t & k. (HHVt)w == pH(S)‘TAngC,t (3127)
and so:
Chs) " = — k. (H — = 3.128
( HJ) pH(S) ( H,t) 0 _ IA{_I ( )
PHt w 0 1 _%
— Cy,=|—"+k (H —
o (pH(S) (He)™ 5= 1AtH)
Using equation (3.63) in the steady state:
Wrt * Hygy + 7@? = Py x Chy
replacing the per capita profits :
0—1 4 it
wie* Hia + == A gy gy Hepn(s) = Paex Oy =
it
—= |1 ). Hy, =P Chi =

0.(ic + ")
— ) wpe Hy, =P C
((9 “1)i, + 0.pv ) T = P L
replacing C'y; by the relation of equation (3.128):

0.(i, + ¢" P - 0 1\77
((9 (1;1 f9)¢v> -wH,t-HH,t = PH,t * (ik (HHt) P ) <
_ . )

pa(s) Y- 1AF
0.(ir + ¢") Wy - 0 1\» Py \'*
— ) A g (Hyg)® ——— ’ =
((0 —1) i+ 0.9V ) pu(s) i - (Hir) 0—1AH pu(S)

= () (o)~ b om0 = )
- <(0€.(1Z;;:f0?@f') : <p12}(1;)) k)R (H) T = ( Pi. ) L

. 0.(3 4 WH . 1-3 1
Calling <(9_§)t;fa_;v.> ) <pHHE‘$).> " (k) = Qg

p+w P T
Qs1. (Hpy) » = ( ab )
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Replacing the price index given by equation (3.41):

1 1-

oot = ([ e [ . (282) ")

D=

which by replacing the number of varieties by it’s NSSS value gives:

H,RD P %
ptw (eA 1)2t+4pv v (75) -+ o
QSl. (HH,t) L= AFRD pra(s) 1-0 01
+(9 Dig+oV. OHFt (,YH) ' (pH,,t(S)) (1 B T)
Identically relationship holds for the foreign country:
AF,RD (f,;gl)p
ptw (06— l)zt—l-(pV QHFt ( ) -+

Qg1 (HFt) r= AHRD 1-6
’ ,t(S) 60—
+(9 1)u+¢" GHHt (VF) ' (Zi,t(5)> (1 B T) 1
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Now we can solve the two equations in order to Hy; and Hp, :

p—1
H,RD 0 W
e T sta e (Vi) + o
QSL(HH,t) r= AFPRD ) 0 1-0
A (y5) L (RER ) — )ot
(0—Dig+oV .0 1 It Pr.A(s) -
AF,RD 0 ST
= aarevatiee (VF)
QSl-(HF,t> ro= A:I,RD pra(s) 1—-6 -
\ +(9 1)lt+50V9HHt (VF) ’ <pF:t(S)> (1-T)
(3.129)
( H,RD p—1
Ay 0 1=0)p
QO = 1)—zt+<pV9HHt (vir)” -+ e
S1 — AFR pri(s) 1-0 01 ( H,t) p
+(0 ) VoHFt (’YH) ( : ) (1-1T)
o= ittt th(s) - N
AP F\0 oy
T mareralre (VF) A+ et
Qg1 = ATRD paa(s)\ 0 - (Hpy)™ »
\ + ety e (v)' -(m(s)) (1-T)
p—1
AHRD 0 e
(¢ tl)lt+@V9HHt (,YH) -+ _ptw
AFR H 6 pF,t(S) 1-6 -1 (HH,t) P e
- +a-marevatiee (Vi) <pH—t(s)> (1-T) 1 N
AF,RD 0 (1{;9)[)
o ireraee (VF) _ptw
— Af{’RD % pH,t(S) 1-6 0—1 (HF,t) P
+WHH2% (vF) (m) (1-T)
(3.130)
pt= AfI’RD.TLH Hp AFRD ng F (% pr(S) 1- 0 ﬁ
(HH,t)p o (971)1}54“50‘/.9 Hpy® ( ) -+ W (PHt(S))
HF,t B APRD ALED vy H pi(s) 9
(9—1)it+<p€.0' (7 ) + = 1)zt+¢5oH;If 7F . <pzt(s)>

By other side using equations (3.67) and (3.68), and the assumption of equal populations:

CE () + chy(s) = AF.hF(s) = (as h{'(s) = h{ (s)) = cip,(s) + cit(s) = ciy(s) + iy (s)

(3.131)
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Using the demand equations (3.43) to (3.46) we get:

—0 —0
th(S)- th(S) Cry.
— C'H,t + : : = (3.132)
(PH,t'-’Yg-) (PF,t-'Yz{i-(l - T) (1-=1T).
-6 -0
PFt(S) Chs- th(5)~
= ; y + : CE ~
(PH,t'VZ-(l _T)> (1-T). <PF,t--'Yl{:- '
<m“@2)‘9_ <pmw;>‘9_
= PH,t--'YH' 0 CH7t — PF,t'-'YF- B Cth
_ ( PrFt(s) ) 1 _ < PH,t(5) > 1
Py vi-(1=T) (1-7). Pp o p-(1-T) (1-7).

From earlier we know that:

w P\ »
C’F _ HH pHI(Js)
Cy Hp Lisa

pr(s)

replacing in the previous equation and simplifying we get:

o)’ - (229) " o) a -] ()
o8- (248) T a-mr]

3
b
|8
Y
SIS
@‘“q |
N~
D=
|
>

replacing in the previous equation o (s) and - ’(f ) by:
1
ALED 0 a-o
Py o (60— 1)zz+<pV HHHt (’YH) +
p(s)  \ e A e g () () gy
(0—1)ig+ov.6 1ot “\ pr(s)
1
AF,RD 0 (1-0)
Pr . (60— 1)zz+<pV HHFt ( ) 1_‘_9
o APRP pr(s) | 0—1
pr(s)  \ 4t e () (2259) (- 1)

we get:
{(75-)9 -(35) T a- T)"‘l}
8 = () - 7

AHRD AF RD

‘ ng  Hpgg np F\? PF,(5) 1-0 1T 0—1 P=0) 9)
(HH)Z: (9—1)z‘t+<pv.0'HF,t'(7H) -t TtV (vir) - pr(s) (1-T7)

APED ATED o Hy 0 RO R B
<(9—1)it+w€.e'(7§) -+ Gt o - () -(I;I;,t(s» (1=T)"t
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Under symmetry (equal parameters across countries) we can see that in equation (3.129)

and (3.133) that if g—g = % = 1 both equations are transformed into an identity. The

question is to know if these relationships are the unique ones that solve both equations at
the same time. So the system is:

( _p=1
Af’RD.nH Hpy ( H)g n (1-0)p
O—DirtoV 0 Hpy  \TH) -
6
APEP g 0 (pri(s) ! -1
(HH,t>”T T oDt s (Vi) - <th<s) 1-1)

Hrs AF RD

= 1)zt+<pV0 (v ) +
ng  Hpgy ( _(th(S = 9 -1

ATLRD
+(9 )it+¢V.0 Hp pFt(s)

-G |
N0
[(v@)g(;?;ff;f) (+#1)° -y

Ag—I,RD

Ny HH,t H 0 p(1-06)
(0—1)irteV 0" Hpy " ( ) -+
AP’RE

n 0 (s )0 0—1
_ (HH>Z - 1)1t+s0€9 (WH) ' (pH,tt(S)> (1-1)
Ha AF’RD.’I’L F 0
(Tt (vF) -+
Af{RD

+ ng Hpg, ( H)e P, (5) 1-0 (1_T>0—1
(60— l)zt—i-ga‘/@ Hpy*® TF "\ pri(s)

H,RD AF RD

Al .
Under symmetry =5 = ad aad il

AF RD
w0 — (0— l)lt+4pV g — = 1)Zt+90V 0 0—DirtoV 0 we get

AH.RD

1-6
- HH,t H 0 F 0 (Ppi(s) me—1 (1-0)p
(HH,t)1+p Hpy 'Y -JF Yu -(th(g) (1-1)

9 PH, (s) _
('yF H (sz(é ) (1-T)6-1
1—60p

9\ ] 9\ (=N
o8)-(32) " ) e (17 e )+ (305) e )\ T

Hy

P
H_) N 10
o\ (e (38) o)

N0 =
|60 () o) e

Let “s consider that HH L

> 1 (same reasoning holds for H’;f <1)

From the first Condltlon this can be rewritten has:

(HH,t)wm e () + (v5) . (22

)

_ )
H 0 H 0 s _
i OF) + e G () -1y
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Assuming that # > 1, p > 1 and @ > 0 we have that: <1 + %) (p—1)>0and m—5 <0

then

(1-6)p 9)/)

1
Hp ¢ H\? PF,(s) = 9 1=y
Hpy' (IVH) : + ’ (PH t(S))
0 | Hy, 0 (\ 0
w5>+f§,«ﬁ> (Beet) (1= Ty
H I3 0 0 S 1-0 —
e O+ O)" (3) 0 -7
=0< p— p NG <l=
(V) + e () (Bmee) (1 - Ty
(as both terms are positive we can skip the left inequality)
Hpy

; HY? pN6 [ Pra(s) o -1
= G )+ () (p—H (5)) (1-1)

>1=

<

(1) + S (2. <1L(8))10 1-T) "=

Hp, Pri(s)
(V) = (5 =A4>0 ]
(V0 (=T = ()’ (1 =T)"' = B >0

() (e (1) (22) ) -

assuming if there is a bias it is a home one, therefore (vg)e > (75)9 = A > B a necessary

(assuming symmetry in the parameters [

condition (but not sufficient) for the above inequality to hold is:
(HH,t 1) H <pp,t<s> )“ (m@))
1) < [ L =
Hpy Hpy \pma(s) pm+(S)

- g (1 (22 < ()
Hy

it .. .
as —— > 1 a necessary condition is:
Fit

(- () ) v ()= () (o)

0—1-1+0 2(6-1
(pms)) : >1$<pp,t<s>)< ' peds)

pr(8) pH(8) pa+(S)
(the last result is due to # > 1 = 2(6 — 1)>0)

e

4
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So from the first relationship we’ve that if HH > 1= PR t((s)) > 1.

Let’s turn to the second relationship. Form the first one we know that:

1
- Hy, 6 0 (s) 1-6 o1\ =07
(HH,t)@wp—n (B op) o+ Oh) (288) T Ty
H o 0 Hpy o(s 1-6 -
e (V) + 72 (v (”p—jg))) (1 - T)o-

replacing in the second one we get:

( H)9_ (pF,t(S)>9( F)9<1_T)9—1 - - -

i Pi.¢(s) T (HH) g <HH,t> (1+%) %% (HH> Z+(1+%)
{(’YF)Q . (PH,t(S))_e (VH)G (11— T)O_l} Hp Hpy Hp

F prt(s) F

Checking that the exponent of the rhs is negative:

@ (1-0p) wlp—-1) (p+tw\(Q-0p) wlp-1+(p+w) (-0
D) - S (139 :

(p=1)  plp-1) p ) (p=1) p(p—1)
wp—w—i—p—l—w—p@p—w@p:wp+p—p9p—w9p:
p(p—1) p(p—1)

wH+1l—0p—wd w(l—-0)+1-6p
(p—1) (p—1)

(under the previous assumptions)

w(l—0)+1—-0p<0 N w(l—0)+1—0p
(h—1)>0 -1

<0

We had from the initial assumption that g—;’ > 1. Therefore:

[ PRt(s) -f
(ﬁ> RS _ {A (554) GB}
D t(s) -
A= ( Pi:t(s) ) B}
O ()’ ()’ ()’
= A— <pF,t > B < A— (PH,t ) B = (pF,t ) > (pH,t ) =
PH,(8) PF,t(8) PH,(8) PF,t(8)
N <pF,t(s>>9 - (pF,t(s>>9 N (pF,t(s>>” 1o )
PH,(8) PH,(8) PH,t(S) (5)
From the second relationship we take that if Ht >1=2 ;i((z)) < 1, which contradicts
the relationship taken from the first equation.

<l=

As the same reasoning can be made when fl < 1 we see that the only solution is when
HH,t _ pF,t( ) _ 1

Hr: = pri(s)

Cerqueira, Pedro André (2007), Business Cycle Synchronization and International Risk Sharing

European University Institute DOI: 10.2870/82120




3.E. THE PRICE LEVEL IN THE STEADY STATE 191

Appendix 3.E The worldwide money demand and price level in the steady
state

In order to anchor prices we assume that there is only one worldwide currency and that
the money supply - M*°— and circulation speed coefficient - v - are constant at all periods.
These simplifications in the monetary market do not have any influence on the real side of
the economy,as the economic model is a flex-price one and money’s only purpose is to be a

unit of account.
Worldwide money demand resorts to the quantity theory of money
M% = GDPJ{" + GDPR™
For simplicity assume that v = 1. Therefore:
GDPLY™ + GDPYY™ = M = M?
Replacing GDPRy™ and GDPR{™
H wl + Ty, + H, wf + Ty = M*
Dividing by country population (that is equal in both countries):

M5
H H RD F_F RD __
H;" wy + Tt + H, wy + gy =

From symmetry we, also, that total labour supply, nominal wages and profits are equal

across countries. Therefore:

MS
H} wy —|—7Tff) =5
Replacing profits and wages:
6—1 0—1 i M?
Hr ——A{ Al : H.y ) pu(s) =
< e A R B s VA i ()= 5
We get that:
M5 1
p+(s)

- 2 *‘ * 0—1 Ax 7
" Hy 'TAt (1 + '(9—1)1;:+9.<p‘/)

Replacing labour in the utility function we have that the price level is:
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() M*S 1
Pu\S) = . 1-0)
2ng _p=1 w(1i(9)+17 9
H 9' F 9'( _T)G—l (1-0)p r
((WH) (;—<$Z-)i—wvl»9 )

0—1 AH i
9.(ig+¢V) PP T g A <1+.—(9_1)it+9.(ﬁv>
(W>(T) 7. (k)P
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Appendix 3.F  Sensibility analysis to ¢

This appendix shows the results when we vary the value of ¢ (the dead rate of varieties).
The values tested for ¢V are 0.036 ( around 28 quarters or 7 years) and 0.125 (8 quarters or
2 years). The first section shows the results for cases 1 (shocks in the final good sector), 2
(shocks in the R&D sector without negative contamination) and 3 (shocks in the R&D sector
with negative contamination). The second section shows the results for case 4.2 (shocks in

the final good sector and in the R&D sector with negative contamination).

3.F.1 Cases 1,2 and 3

The simulations in this case were done for the base values of the different parameters
corresponding to the first columns of tables 3.6, 3.8 and 3.10 of the third chapter: g = 0.99,
p=2,0=1,7, bias =0, T=0, w = 1 and ¥ = 0,00037.

From tables F1 and F2 we can verify that the different values of ¢ do not cause many
significant changes and from the IRFs depicted in figures (F1) to (F6), the responses of the
different variables have the same shape and for the those variables that are not connected

directly with the R&D sector they are similar in terms of response magnitude.

In case 1 the biggest differences in terms of moments when ¢" decreases ( less rotation
of varieties) are the increases in the correlations between Hy and Hp (from 0.779 to 0.974),
GDP and new varieites (from 0.573 to 0.908), the decrease in the correlation between new
varieties in both countries (from 0.975 to 0.452) and the increase in the std. deviation of
terms of trade relative to GDP (from 0.992 to 1,123). In the IRFs - figures (F1) and (F2)
- we can realize that when there is a slower rotation of varieties in the market (¢ =0.036)
that there is a more pronounced impact in vy , bigger response of workers at the R&D sector

in the home country, a smaller response at the moment of the shock but bigger variation in
pPuy

pr(s)

The more pronounced impact in vy when ¢ is small is due to the fact that now varieties

vr and smaller responses in HEP and

have a longer expected life time, therefore in the steady state there will be more varieties
and consequently more workers in the R&D sector. Therefore, for an equal shock, more
workers move at the impact from one sector to other leading to a reduction on new varieties
produced. The number of varieties produced take longer to adjust (as the dead rate takes
longer to reduce the initial number of varieties in the market) but also the relative variation

to get to the optimal level is also bigger. As for the foreign country as the adjustment in the
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home country is longer, the foreign country takes some time to be fully hit by the variations

in the home country and therefore the response at the impact of HE" and of vr is smaller.

In case 2, when ¢V decreases the relative volatility of GDP to all other variables (except
net trade balance) decreases, moreover the cross-country correlations of GDP and hours
worked increase and the correlation between TOT and GDP decrease. In fact for higher
values of ¢V the cross country correlation of GDPs is negative and the one between GDP
and TOT is positive.

In terms of IRF's - figures (F3) and (F4) - we can realize that the only difference is that
foreign output and foreign hours worked have smaller responses for lower levels of varieties
rotation (lower ¢"). This smaller response to foreign shocks is the responsible for the lower
levels of volatility of GDP. On the other hand when ¢" increases, as the GDP response to
foreign shocks is bigger that lead to the negative cross country correlation of GDPs and the

positive correlation between GDP and TOT as the initial reduction is deeper*.

Finally in case 3 the reduction in ¢V leads to a reduction in the correlation of output
and consumption, as well as consumption is less volatile and hours worked are more volatile
than output . In terms of the IRFs the biggest difference (other than the adjustment and
reaction of varieties due to the different dead rates) are the relative prices of varieties to the

ones of final goods.

Overall there are no qualitatively big differences as the different cases have with sightly

different magnitudes the same problems, when we confront the results with the data.

43Remenber that for computing the moments we are filtering the data, using the frequnecies between 8
and 32 quarters, therefore the movements of the variables at the impact have a very limited impact in the
measured moments.
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Table F2: Estimated moments for cases 1, 2 and 3 - 2nd set

Case 1 2 7 3
oV 0,036 | 0075 | 0125 || 0036 | 0075 | 0125 | 0036 | 0075 | 0125
Cross countries correlations

corr(y(h),y(f)) -0.291 | -0.273 | -0.252 0.519 0.256 | -0.077 || -0.119 | -0.166 | -0.140
(0.209) | (0.212) | (0.215) || (0.168) | (0.225) | (0.243) || (0.214) | (0.210) | (0.209)
corr(c.(h),c.(f)) 0.996 0.997 0.998 0.953 0.941 0.950 0.376 0.205 | 0.202
(0.002) | (0.001) | (0.001) | (0.023) | (0.030) | (0.028) || (0.190) | (0.218) | (0.225)
corr(h(h),h(f)) 0.974 0.899 0.779 -0.083 | -0.240 | -0.417 0.858 0.939 0.948
(0.014) | (0.048) | (0.093) || (0.219) | (0.207) | (0.181) || (0.069) | (0.028) | (0.023)

Varieties indicators (calculated on annual based values)
corr(y,nv) -0.908 -0.759 | -0.573 0.139 0.138 | 0.147 -0.214 | -0.271 | -0.330
(0.076) | (0.141) | (0.214) | (0.286) | (0.270) | (0.253) || (0.270) | (0.259) | (0.243)
corr(tot,nv) 0.503 0.250 0.014 0.800 0.806 0.813 0.732 0.721 0.730
(0.222) | (0.277) | (0.290) || (0.107) | (0.100) | (0.091) || (0.133) | (0.133) | (0.124)
std.(nv)/std.(y) 0.422 0.365 0.300 13.060 | 9.946 7.288 7.649 6.308 | 5.890
(0.064) | (0.07) | (0.076) || (3.921) | (2.958) | (2.082) || (2.097) | (1.667) | (1.467)
std.(nv)/std.(tot) | 0.404 0.361 0.323 2.676 2.379 2.152 2.453 2.055 1.781
(0.113) | (0.110) | (0.101) || (0.485) | (0.406) | (0.344) || (0.485) | (0.404) | (0.336)
corr(nv(h)nv(f)) 0.452 0.858 0.975 -0.340 | -0.406 | -0.478 || -0.143 | -0.148 | -0.210
(0.244) | (0.09) | (0.022) || (0.262) | (0.247) | (0.227) || (0.278) | (0.276) | (0.266)
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Figure F1: Case 1 - Sensibility to ¢". (1st Set)
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Figure F2: Case 1 - Sensibility to ¢". (2nd Set)
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Figure F3: Case 2 - Sensibility to ¢". (1st Set)
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Figure F4: Case 2 - Sensibility to ¢". (2nd Set)
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Figure F5: Case 3 - Sensibility to ¢". (1st Set)
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Figure F6: Case 3 - Sensibility to ¢". (2nd Set)
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3.F.2 Case 4.2
Tables F3 and F4 depict the results with ¥ = 0.036 and tables F5 and F6 with

0" = 0.125 for case 4.2 . Overall, there are not great changes in the moments, as they keep
relative close when compared to the base case. However when ¢ increases we can realize
that the correlations between GDP and Consumption or TOT have a tendency to increase,
the correlations between GDP and hours worked have a tendency to decrease and GDP is
less volatile than the other variables (with the exception of hours worked) .

Has for the cross-country correlations there isn’t a tendency to increase or decrease,
however the cross-country correlations of output and consumption in the first two columns
are closer than what appeared in the base case in tables 3.14 and 3.15 . That’s due to
the fact that when ¢" decreases the cross-country correlations of consumption increase and
when ¢V increase the cross-country correlations of output decrease. In fact if we go beyond
the values depicted we get results that revert the order of magnitudes for high values of 6.
An interesting fact is that the parameters in column three can also replicate the quantity
anomaly for " = 0.036.

As for the new varieties the volatility relative to GDP and TOT decrease with increases

in the dead rate of varieties.
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Table F3: Estimated moments for case 4.2 with ¢" = 0.036 - 1st set

6 1,7 1,7 1,7 1,7 1.7 1,2 1,2
oV 0,036 | 0,036 | 0,036 | 0,036 | 0,036 | 0036 | 0,036
bias | T 02/0] 0/0 | 02/0]02/0]02/0|02/0102/0
w 1 1 10 1 1 1 1
i 3 3 3 1 3 3 1
E(er, &P 0.8 0.8 0.8 0.8 0.5 0..8 0.8
Within Country moments
corr(y,ce) 0.423 | 0.344 | 0831 | 0.762 | 0.359 0.415 | 0.809
(0.168) | (0.175) | (0.063) | (0.089) | (0.195) | (0.182) | (0.075)
corr(y,h) 0451 | 0453 | -0.373 | 0.134 | 0.277 | 0418 | 0.0623
(0.169) | (0.170) | (0.173) | (0.211) | (0.206) | (0.176) | (0.208)
corr(y,tot) -0.039 | -0.089 | -0.117 | -0.361 | -0.380 | -0.168 | -0.308
(0.205) | (0.205) | (0.224) | (0.176) | (0.187) | (0.200) | (0.185)
corr(y,nx) -0.218 | -0.205 | -0.115 | -0.125 | 0.2197 | -0.160 | -0.337
(0.202) | (0.205) | (0.220) | (0.212) | (0.211) | (0.201) | (0.192)
std.(co)/std.(y) | 0.708 | 0.715 | 0.926 | 0.663 0.727 | 0.913 | 0.743
(0.129) | (0.133) | (0.100) | (0.087) | (0.148) | (0.182) | (0.090)
std.(h)/std.(y) | 1.004 | 1.003 | 0.117 | 0.613 | 0.972 1.129 | 0.651
(0.175) | (0.190) | (0.022) | (0.127) | (0.202) | (0.226) | (0.137)
std.(tot)/std.(y) | 1.317 | 1.192 | 1.264 | 0.796 | 1.698 | 1.930 | 1.025
(0.292) | (0.262) | (0.302) | (0.162) | (0.346) | (0.403) | (0.218)
std.(nx)/std.(y) | 0.678 | 0.719 | 0.692 0.284 | 0.807 | 0.750 | 0.355
(0.145) | (0.152) | (0.161) | (0.061) | (0.175) | (0.160) | (0.074)
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3.F. SENSIBILITY ANALYSIS TO v
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Table F5: Estimated moments for case 4.2 with ¢" = 0.125 - 1st set

6 1,7 1,7 1,7 1,7 1.7 1,2 1,2
oV 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125
bias | T 02/0| 0/0 | 02/0]02/0|02/0|02/0/|02/0
w 1 1 10 1 1 1 1
i 3 3 3 1 3 3 1
E(er, Py 0.8 0.8 0.8 0.8 0.5 0.8 0.8
Within Country moments
corr(y,ce) 0.641 | 0.607 | 0.855 0.838 | 0.544 | 0.644 | 0.851
(0.133) | (0.136) | (0.059) | (0.072) | (0.159) | (0.128) | (0.068)
corr(y,h) 0.196 | 0.231 | -0.623 | -0.108 | 0.141 | 0.352 | -0.204
(0.204) | (0.203) | (0.124) | (0.214) | (0.215) | (0.197) | (0.206)
corr(y,tot) 0.086 | 0.130 | 0.052 | -0.300 |-0.339 | -0.258 | -0.278
(0.199) | (0.202) | (0.226) | (0.184) | (0.192) | (0.193) | (0.190)
corr(y,nx) -0.241 | -0.181 | -0.179 | -0.104 | 0.201 | -0.183 | -0.384
(0.198) | (0.201) | (0.223) | (0.209) | (0.215) | (0.205) | (0.196)
std.(co)/std.(y) || 0.804 | 0.835 | 1.024 0.698 | 0.777 | 1.389 | 0.969
(0.134) | (0.145) | (0.117) | (0.087) | (0.143) | (0.229) | (0.112)
std.(h) /std.(y) 0.891 | 0.903 | 0.128 0.553 | 0.763 | 0.960 | 0.630
(0.177) | (0.178) | (0.020) | (0.117) | (0.165) | (0.201) | (0.142)
std.(tot)/std.(y) || 1.452 | 1.392 | 1.457 | 0.769 | 1.727 | 2.324 1.183
(0.314) | (0.307) | (0.350) | (0.156) | (0.360) | (0.488) | (0.257)
std.(nx)/std.(y) || 0.850 | 0.917 | 0.892 | 0.362 | 0.889 | 1.018 | 0.520
(0.173) | (0.178) | (0.194) | (0.073) | (0.190) | (0.211) | (0.108)
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In conclusion we think that the work presented in the previous chapters has largely
fulfilled the objectives stated in the introduction and gives new insights into a number of
problems viewed in a different perspective from what has been done before.

As for the first objective, to characterize business cycle synchronization across countries,
instead of splitting the world into regions and then trying to find the common components
specific to each we used a different approach without making any prior assumption about
regional composition. First we estimated the common components and then we checked
which common components could be associated with which countries groups, thus forming
regions.

When we estimated the common components we found that we should consider four
common components to characterize business cycle synchronization across countries and is
notably the more important in high income countries.

As for the other common components the third common component affects mostly
middle income countries; and the second and fourth bridge different countries without a
distinctive geographical, economical or cultural similarity. Therefore we can define two
groups of countries as regions in substrictus sensus ( this is, countries for which their business
cycle is affected by a distinctive common component), being the high income and the middle
income countries. As for the low income countries they seem detached from the world
economy, their business cycle being mostly due to idiosyncratic variations.

Even if we can only find two distinctive substrictus sensus regions we can find further
subdivisions regarding the dependence structure from the different factors. In the high
income countries we found evidence of two groups that we labeled the French-Japanese
and the German-American groups. These two groups are evident if we speak about similar
structure or commovement and therefore they form regions in latus sensus. Furthermore
these two groups seem to form a world core in terms of commovement as the remaining
countries seem to form a periphery. In the middle income countries we found a South East
Asian group that has a similar dependence structure but does not commove. This leads us
to consider that those countries may be starting to form a group but their integration is still

not strong enough to classify them as a region in latus sensus.

As for the second objective stated in the introduction, to measure how much consumption
risk sharing is done and in what way across countries, previous investigations have just
managed to estimate aggregate values for countries groups. We tried to estimated individual
values for each country using a factor model to gain power in order to be able to make

inference over the results. Even if the estimated variance of the estimators is not as small
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as in panel methods, it is small enough in order to obtain statistically significant estimators

which were difficult to get when individual estimation was done directly on the data.

Even if the aggregate results found are not different from those existing in the literature
(asset markets are marginally important, if we aggregate the data the world value is zero),
capital depreciation contributes to unsmooth consumption (-8% at world level), international
transfers are not important (0% for the world) and the bulk of consumption is done through
the savings/credit market mechanism (at the world level this accounts for 39%)), the fact is
that when we looked to the individual estimations of the different channels these aggregations
hide important differences among countries. Smoothing through the asset market channels
ranges from -17.4% to 16.4%, whilst international transfers (with the exception of Germany

and Portugal) are zero for most countries and the savings channel ranges from 2.5% to 82.9%.

This differences led us to try to relate the different values found for the asset market
channel and the savings/credit market channel to different economic and financial charac-

teristics of the countries.

As for the asset market channel, it is positively related with the importance of the world
component in the country cycles and negatively (when we take out Belgium, Netherlands
and Ireland) related to the degree of openness without any more evidence of other economic
or financial factors. These results can be considered unexpected. As for the correlation
with the importance of the world component in the country cycle, we could assume that
the less important is the world component in the national cycle, the more the country has
to gain from engaging in risk sharing through portfolio diversification, but we found the
inverse relationship. As for the correlation to the degree of openness we could think that the
more open is a country, the more integrated it is and therefore it would have easier access
to international asset markets; however, this hypothesis is not only not confirmed but, if
anything, we found the inverse relationship. Furthermore, we can think that the absence of
correlation with financial indicators can, also, be seen as unexpected as this might indicate
that the reasons for the differences through this channel are insensitive to financial market
structure. However we can also think that the indicators used do not capture all the relevant
differences in the financial markets which can explain the heterogenous values found for this

channel.

For the saving channel we found a negative relationship with population size (when we do
not consider US) indicating that smaller countries smooth more through this channel. This
can be seen as expected, as smaller countries have a smaller impact on international credit
markets and can lend/borrow to/from more agents. As for financial indicators we found that

the estimators for this channel are correlated with one indicator of market efficiency (net
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interest margin) and one of market structure (concentration). More efficient banks (lower
net interest margin) and a more concentrated market structure would lead to a more efficient

consumption smoothing through the savings/credit channel.

As the final contribution of this thesis we proposed a different channel that could solve
the consumption correlation puzzle and the price anomaly simultaneously. This channel
would be shocks to the R&D sector that, together with shocks in the total productivity
sector of final goods produced some encouraging results.

In the model used, the parameters were chosen from a calibration exercise (focusing in
adjusting the theoretical moments to the data values) but keeping them inside the bounds
of what the literature assumes reasonable for those that are standard. For the non-standard
ones, this is the volatility and the stochastic process of creative shocks in the R&D sector, the
time-series available for the creative-destructive process of varieties from industrial surveys
are too sparse in time and heterogeneous across countries to be used . Therefore we calibrated
them for a number of different alternatives.

The first set of results showed that those two kinds of shocks alone are not able to
replicate most of the (unconditional) moments of the data and both have, with different
magnitudes, the same problems. However, from this set of results we could see that even if
the impact of shocks on the different variables leads to similar moments, the fact is that the
relative response is not equal in each case, for which reason, when we allowed both shocks
to coexist we found that we could replicate most of the moments from the data, including
the correlation puzzle and the price anomaly, which was our aim. This was so for reasonable
values of the standard parameters together with a strong correlation between the shocks in
R&D and the productivity shocks in the final sector and with negative contamination across

countries in the stochastic process of the R&D shocks.

Overall we managed to get some success in the objectives set forward in the introduction;
however there are questions that this thesis did not address that deserve further research.

As for the characterization of the business cycle synchronization across countries we did
not check the causes of it, as the model does not try to identify the factors with particular
economic activities or structures. Moreover, previous studies using factors were unable to
find a single variable that could explain the factors variation and therefore identification of
what the factors are depicting is still a open question.

As for the different channels of consumption smoothing we should be careful when inter-
preting the correlations between the estimators and the different indicators. These relations

should be read more as indications of what is causing the heterogeneity found across coun-
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tries on the smoothing mechanisms and which directions deserve further research, than as
the definite causes of those differences.

Finally, in the last chapter even if we get some degree of success in replicating the mo-
ments from the data, the international commovements of investment, the home-bias puzzle,
an analysis of the impact of outsourcing variety production (rather than just exporting the
final product) and the effects of pricing to market were not addressed by the model. Future
research could be extend the current framework to tackle those issues. Also, the model
calls for future empirical research using data from industrial surveys, where we will have to
collect and homogenize them across time and countries, to get some reasonable estimates of
the R&D stochastic process from the data and to check whether the parameterizations used

in the model can be considered reasonable when compared with those found in the data.
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