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Abstract 

"Studies in macroeconomic dynamics" is composed of two parts. The first is entitled 

"The predictive power of the term spread: A theoretical assessment". It explores the 

leading indicator property of the term spread (LIPTS) for future economic activity. 

While the empirical evidence supporting the LEPTS is powerful, there are as yet no 

theoretical models justifying this finding. This study investigates whether dynamic 

equilibrium asset pricing models are able to provide a theoretical underpinning for 

the LIPTS. We study two models, an endowment and a production economy, each 

under two different assumptions about the infon-nation available to agents. We find 

that only a stochastic production economy is able to reproduce the LEPTS. Including 

advance knowledge further strengthens this result. 

The second study is entitled "European labour markets: Identifying true structural 

shocks". Its underlying motivation is the following: assuming that the single 

currency is a "shock", what impact will it have on the labour market and 

specifically, how will this impact differ across European countries? To analyse this 

issue, we look at how European labour markets react to shocks. We analyse the 

effect of three structural shocks on the French, German and Italian labour markets. 

For this purpose, we develop a new empirical framework. We work with a 

conditional VECM, where the cointegrating vectors are identified as long-run 

economic relationships and the shocks are recovered using testable structural 

restrictions. 

Both parts of the thesis focus on understanding macroeconomic dynamics. More 

generally, each is concerned with how variables in a macroeconomic system are 

connected to each other in a dynamic fashion. In order to highlight these dynamics,, 

both studies make extensive use of impulse response analysis. The two sections also 

seek to build a bridge between theory and reality: the first by trying to match an 

empirical fact with the theory, and the second by attempting to impose and test a 

theory on the data. 

2 



Contents 

1 Acknowledgement s 

Preface 

12 

14 

I The predictive power of the term spread: A theo- 

retical assessment 17 

Introduction 18 

4 Background and methodology 22 

4.1 The approach ........................... 22 

4.2 Measures of the LIPTS 
...................... 24 

4.3 The standard model ....................... 
26 

5 Stochastic endowment economy 31 

5.1 Analytical results ......................... 
31 

5.2 Numerical results ......................... 
34 

6 Stochastic endowment economy with perfect foresight 37 

6.1 Analytical results ......................... 
39 

6.2 Numerical results ......................... 
40 

7 Stochastic production economy 42 

3 



7.1 Parameterised expectations algorithm .............. 44 

7.2 Numerical results ......................... 46 

Stochastic production economy with advance knowledge 50 

8.1 Numerical results ......................... 51 

U. Some alternative signals' specifications ............. 
56 

9 Concluding remarks 59 

10 Bibliography 61 

Il European labour markets: Identifying tT-ue struc- 
turalshocks 67 

11 Introduction 68 

12 Methodology: A critical review 71 

12.1 VAR models ....................... ..... 
72 

12.2 Identification 
...................... ..... 

75 

12.2.1 K-model 
..................... ..... 

78 

12-2.2 C-model 
..................... ..... 

83 

12.2.3 AB-model 
.................... ..... 

88 

12.3 General comments ................... ..... 
92 

12.4 VAR modelling with cointegrated variables ...... ..... 
93 

12.4.1 Cointegration 
.................. 

9, it 
..... 

12.4.2 Representation ................. ..... 
95 

12.4.3 Identification .................. ..... 
97 

13 An empirical framework 104 

13.1 Introductory comments ...................... 
104 

13.2 A simplified model of the labour market ............ 
106 

4 



13.2.1 Labour demand ...................... 108 

13-2.2 Wage setting ....................... 112 

13.2.3 Hysteresis ......................... 
13.3 Stationary versus cointegrated VAR 

............... jig 

13.4 Endogenous versus exogenous variables ............. 121 

13.5 Identification of the cointegrating vectors ............ 124 

13.6 Identification of the structural shocks .............. 125 

13.7 Summary and concluding remarks ................ 129 

14 Empirical results 132 

14.1 Italy 
............................ .... 133 

14-1.1 Variables 
...................... .... 133 

14.1.2 Tests for unit root(s) ............... .... 134 

14.1.3 Test for cointegration ............... .... 136 

14.1.4 Test for weak exogeneity ............. .... 138 

14.1.5 Identification of the cointegrating vectors .... .... 138 

14.1.6 Identification of the structural shocks ...... .... 140 

14.1.7 Results 
....................... .... 142 

14.2 France 
........................... .... 145 

14.2.1 Variables 
...................... .... 145 

14.2.2 Tests for unit root(s) ............... .... 145 

14.2.3 Test for cointegration ............... .... 147 

14.2.4 Test for weak exogeneity ............. .... 148 

14.2.5 Identification of the cointegrating vectors .... .... 149 

14.2.6 Identification of the structural shocks ...... .... 149 

14.2.7 Results 
....................... .... 150 

14.3 Germany 
.......................... .... 155 

14.3.1 Variables 
...................... .... 155 

14.3.2 Tests for unit root(s) ............... .... 156 

5 



__ / 

14.3.3 Test for cointegration ................. .. 106 

14-3.4 Test for weak exogeneity ............... .. 157 

14.3.5 Identification of the cointegrating vectors ...... .. 158 

14-3.6 Identification of the structural shocks ........ .. 
159 

14-3.7 Results 
......................... .. 

160 

14.4 Concluding remarks ...................... .. 
165 

14.4.1 Cross-country comparisons .............. .. 
165 

14.4.2 Forecast error variance decomposition (FEVD) 
... .. 

166 

14.4.3 Methodological remarks ............... .. 
167 

15 Conclusion 169 

16 Bibliography 171 

III Appendices 178 

A Study 1: Analytical derivations 179 

A-1 Stochastic endowment economy ................. 
179 

A. 1.1 Endowment process with growth ............ 
181 

A. 2 Stochastic endowment economy with perfect foresight ..... 184 

A. 2.1 Analytical proof of the negativity of (6.7) 
........ 

186 

B Study 1: Some empirical evidence 188 

C Study 1: Tables 191 

D Study 1: Figures 195 

6 



E Study 2: Test for cointegration and test for weak exogeneity 200 

F Study 2: Forecast Error Variance Decomposition 203 

G Study 2: Data sources 

H Study 2: Figures and impulse responses 

206 

209 

7 



List of Tables 

14.1 Tests for unit root(s) - Italy 
................... 134 

14.2 Test for cointegration - Italy 
................... 137 

14.3 Test for weak exogeneity - Italy 
................. 138 

14.4 Identification of the cointegrating vectors: LR test - Italy 
.- 139 

14.5 Tests for unit root(s) - France 
.................. 146 

14.6 Test for cointegration - France 
.................. 148 

14.7 Test for weak exogeneity - France 
................ . 148 

14.8 Identification of the cointegrating vectors: LR test - France .- 149 

14.9 Tests for unit roots - Germany 
.................. 155 

14.10Test for cointegration - Germany 
................ 157 

14.11 Test for weak exogeneity - Germany 
............... 158 

14.12Identification of the cointegrating vectors: LR test - Germany 158 

B. 1 Predictive power of spreads for future real economic activity - 
Sample: 1970-1998 (Forecast period) .............. 189 

C. 1 Stochastic endowment economy ................ . 191 

C-2 Stochastic endowment economy with perfect foresight 
.... . 191 

C-3 Stochastic production economy ................ . 192 

CA Stochastic production economy with advance knowledge ... . 192 

C-5 Stochastic production economy with advance knowledge ... . 193 

8 



C-6 Stochastic production economy with perfect foresight from fi- 

nancial markets participants ................... 
C-7 Stochastic endowment economy ................. 
C-8 Stochastic endowment economy with perfect foresight 

..... 
C-9 Stochastic production economy ................. 
C. 10 Stochastic production economy with advance knowledge .... 
C. 11 Stochastic production economy with perfect foresight from fi- 

nancial markets participants ................... 

F. I Forecast error variance decompositions - Italy .... 
F. 2 Forecast error variance decompositions - France ... 
F. 3 Forecast error variance decompositions - Germany 

.- 

193 

193 

194 

194 

194 

194 

203 

204 

205 

9 



/ 

List of Figures 

D-1 Predictive power of the term spread for future output (US data) 196 

D-2 Predictive power of the term spread for future consumption (US 

data) .......... ............... 196 

D-3 Covariance between spreads and consumption growth rates in 

the stochastic endowment economy ............... 197 

.71- 

D-4 Covariance between spreads and consumption growth rates in 

the stochastic endowment economy with perfect foresight, 
... 197 

198 

198 

198 

198 

198 

198 

198 
J-. / - L ILJ L. L IL. L ý %ý I JL / #_ý jI-............ 

D- 13 IRF(y) - Production econ. Signal 
............ 

D- 14 IRF(1) - Production econ. Signal ............ 
D-15 IRF(spr ead) - Production e. / Signal ........... 
D- 16 IRF(c) - Production econ. / Shock ............ 
D- 17 IRF(y) -Production e. /Shock 

.............. 
D- 18 IRF (1) - Production econ. / Shock ............. 

D-5 IRF(c) - Endowment economy ............ 
D-6 IRF(spread) - Endowment economy ......... 
D-7 IRF(c) - Endowment economy perfect foresight 

.. 
D-8 IRF(spread) - Endowment economy perfect foresight 

D-9 IRF(c) - Production economy ............ 
D-10 IRF(y) - Production economy ............ 
D-11 IRF(spread) - Production economy ......... 
T')-l 9 TPP(o) - PrnAiir-+; nn cw-nn / Iqýnnn7 198 

199 

199 

199 

199 

199 

199 

10 



D-19 IRF(spread) - Production e. / Shock 
.............. 199 

H -1 Unemployment, rate - Italy 
................ .... 

210 

H -2 Total employment (in thousands) - Ital, ý ......... .... 
210 

H -3 Wage index - Italy 
.................... .... 

210 

H -4 Unemployment rate - France 
............... .... 

211 

H -5 Total employment (in thousands) - France 
....... .... 

211 

H -6 Wage index - France 
................... .... 

211 

H -7 Unemployment rate - Germany 
............. .... 

219 

H -8 Total employment (in thousands) - Germany 
...... .... 

212 

H -9 Wage index - Germany 
.................. .... 

212 

H -10 AB decomposition - Italy 
................. .... 213 

H -11 Orthogonal impulse responses - Italy 
.......... .... 214 

H -12 Choleski. decomposition - Italy 
.............. .... 215 

H-13 Generalised impulse responses - Italy 
.......... .... 216 

H -14 Blanchard and Quah decomposition - Italy 
....... .... 217 

H -15 AB decomposition - France 
................ .... 218 

H -16 Choleski decomposition - France 
............. .... 219 

H -17 Generalised impulse responses - France 
......... .... 220 

H- 18 Blanchard and Quah decomposition - France 
...... .... 221 

H- 19 AB decomposition (b23= b13 0) - Germany 
...... .... 222 

H- 20 AB decomposition (b23= b3l 0) - Germany 
...... .... 223 

H- 21 AB decomposition (b32= b13 0) 
- Germany 

...... .... 224 

H- 22 AB decomposition (b32 
== 

b3l 0) - Germany 
...... .... 225 

H- 23 Orthogonal impulse responses - Germany 
........ .... 

226 

H- 24 Choleski decomposition - Germany 
........... .... 227 

H- 25 Generalised impulse responses - Germany 
........ .... 

228 

H- 26 Blanchard and Quah decomposition - Germany 
.... .... 

229 

11 



/ 

Chapter I 

Acknowledgement s 

I am truly indebted to my supervisors, Professors Brian Henry and Albert 

Marcet, for their invaluable support and comments on my work. I am espe- 

cially grateful for the many discussions I had the opportunity to enjoy with 

them. They were a great source of inspiration and motivation. I thank them 

for guiding my first steps in the "academic world". To Brian I would like to 

express a special thank you for spontaneously accepting to take over the su- 

pervision of my thesis. I also would like to sincerely thank Professor Andrew 

Scott, not only for his insightful advises on my research, but also for always 

providing me with precious assistance in the most varied situations. 

Without the generous and continuous support of the Economics depart- 

ment, the PhD programme and the Centre for Economic Forecasting at London 

Business School, this thesis would not exist. I am most grateful to everybody 

who stood behind me throughout these years and made this research possible. 

I would like to say a very special thank you to my partner Christiaan de 

Lint. He has been an inexhaustible source of strength and moral support; and 

even though I believe that as of today he does not know the title of my thesis, 

his extraordinary optimism and his clear vision were the most precious gifts 

-to 
this thesis! 

12 



/ 

Lastly, jamais n'aurai-je assez de mots pour exprimer la gratitude que je 

ressens pour mes parents. Sans Famour et la confiance qu'lls mont temoignes 

au fil des ans, cette thýse n'auralt jamals existý. Je la leur dýdie de tout coeur. 

13 



Chapter 2 

Preface 

If you have just opened this book and are now reading this preface, then you 

are probably intending to read my "Studies on macroeconomic dynamics" . 
Before you jump into the unknown, it is useful to give you a brief summary 

of what to expect, and a quick tour through this thesis to help guide your 

reading. This thesis is composed of two studies: "The predictive power of 

the term spread: A theoretical assessment", and "European labour markets: 

Identifying true structural shocks". We discuss them here shortly. 

The primary motivation underlying "The predictive power of the term 

spread: A theoretical assessment" is the imbalance between the abundance 

of empirical papers documenting the leading indicator property of the term 

spread for future economic activity (LIPTS), and the absence of theoretical 

models justifying this property. The first study (part I) therefore attempts to 

provide a theoretical underpinning for the empirical evidence supporting the 

LIPTS. It studies two dynamic equilibrium asset pricing models, an endow- 

ment and a production economy, each under two different assumptions about 

the information available to agents. We find that only a stochastic production 

economy is able to reproduce the LIPTS. This economy helps to illustrate sev- 

eral mechanisms which may explain the presence of the LIPTS in reality. We 
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show that, in this model, introducing signals about future productiý-ity shocks 
further strengthens the predictive power of the term spread. The study is or- 

ganised as follows. Chapter 3 introduces the topic more fully and summarises 
the main results. Chapter 4 is a key chapter, since it presents the approach 

used to investigate the LIPTS, describes the economies studied and outlines 
the "standard model" which serves as a basis for the other models. Chapters 

5 to 8 constitute the core of the study, reporting and explaining the results for 

the different economies. Lastly, chapter 9 concludes this first part. 
Back in early 1997 when I started the second study presented here, namely 

"European labour markets: Identifying true structural shocks", European un- 

employment was high and the single currency was on its way. The question I 

posed myself at the time was: if the single currency is a "shock", then what 

impact will it have on the labour market and especially, how will this impact 
differ across European countries? This quest is reflected in the first part of 

the title. The second part of the title mirrors the other theme of this study, 

namely, how to identify true structural shocks. The study develops a new 
framework to recover structural disturbances, and uses it to investigate the 

impact of shocks on three different European labour markets. The study is 

organised as follows. Chapter 12 provides an extensive review and discussion 

of VAR (Vector Autoregressive) and VECM (Vector Error Correction Mecha- 

nism) models, and more specifically of the issues and controversies related to 

their identification. The reader familiar with this may move directly to chap- 

4- ter 13, which builds and explains the framework used in this study. Chapter 

14 reports the results; for each country we analyse the "empirical" results (the 

impact of the shocks on the given market) and the "methodological" results 

(the influence of the chosen identification strategy on the results). The reader 

can therefore turn to its main interest. Lastly, chapter 15 concludes this study. 

Both parts of the thesis focus on understanding macroeconomic dynamics. 
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More generally, each is concerned with how variables in a macroeconomic 

system are connected to each other in a dynamic fashion. In order to highlight 

these dynamics, both studies make extensive use of impulse response analysis. 
They also strongly seek to build a bridge between theory and reality: the first 

study by trying to match an empirical fact with the theory, and the second by 

attempting to impose and test a theory on the data. These two studies lastly 

join in their side aspect of trying to predict future macroeconomic dynamics. 

This book represents approximately three years of hard labour, but more 

than this , it gathers three years of learning and discoveries. I remember await- 

ing with the same excitement (and sometimes anxiety) to find out how my 

simulated economies in part I, and my real economies in part 11, were behav- 

ing. I followed with the same attention the impact of a shock in my stochastic 

production economy and in the French labour market. From the beginning, 

I was afraid of being locked into a single approach, a single technique, or a 

single view and I feel that by approaching macroeconomic dynamics from two 

complementary sides, I learned more about these dynamics. It fuither helped 

me understand the sometimes fierce battles between defendants of different 

schools of economic thought. Yet, I still do not understand them fully, for me 

they remain two faces of the same coin. 
I hope this thesis will communicate faithfully to you, how much I enjoyed 

writing it. 
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Part I 

The predictive power of the 

term spread: A theoretical 

assessment 
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Chapter 3 

Introduction 

The yield curve has long been monitored for the information it contains about 
future economic activity, and the most eloquent way to describe its predictive 

power is to plot it. Looking at figures D-1 and D. 2, it is striking to see how 

closely the current term spread tracks movements in the future output and 

consumption growth rates. ' Since in both graphs at each point in time t, the 

spread is known, but future growth rates are not, the term spread clearly ap- 

pears to contain some predictive information about future economic activity. 

Based on this observation, numerous empirical papers studied and confirmed 

the leading indicator property of the . term spread (LIPTS). 2 Consistent with 

the positive correlation shown in figures DA and D. 2, they find that higher 

spreads precede periods of high economic activity, while lower spreads an- 

nounce periods of low activity. In light of the robustness of these results, the 

literature did not hesitate to describe the spread's predictive ability as "im- 

'The term spread is the difference between a long and a short interest rate, and is a 
measure of the slope of the yield curve. All figures are in appendix D. 

'See for example Harvey(1988), Estrella and Hardouvelis (1991), Plosser and Rouwen- 
horst (1994), Smets and Tsatsaronis (1997), Estrella and Mishkin (1997), Canova and De 
Nicolo (1997), Bernard and Gerlach (1998) and Dotsey (1998). Various central banks also 
published numerous studies on the LIPTS: for example, Zaffaroni (1999), Banca d'Italia, 
Estrella and Mishkin (1996), Fed New York, Current Issues in Economics and Finance 2 
(7), Haubrick and Dombrosky (1996), Fed Cleveland, Economic Review. 
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pressive" and -excellent" -3 Yet, in contrast to this powerful empirical evidence 
stands the scarcity or even absence of theoretical justification for the LIPTS. ' 

This study is intended to bridge this gap. 
In an attempt to provide a theoretical underpinning for the empirically 

supported LIPTS, this study investigates whether dynamic equilibrium as- 

set pricing models can explain the LIPTS. A stochastic endowment econom 'Y 
(Consumption CAPM) and a stochastic production economy are studied, each 

under two different scenarios for the information available to agents. The first 

scenario corresponds to the traditional case, where agents know realisations 

of the variables up to time t; while in the second scenario , in addition to 

this information, agents receive signals (advance knowledge) about future ran- 
dom disturbances. Dynamic equilibrium asset pricing models appear a natural 

choice to try to explain the joint behaviour of real macroeconomic variables 
(here consumption and output) and asset prices. Indeed, in dynamic eqiu*lib- 

rium asset pricing models, asset prices are linked to the marginal utility of the 

agent, which depends on consumption. The CCAPM, in particular, implies 

a positive correlation between tthe k-period future consumption growth rate 

and the k-period spot interest rate. ' 'This property, which derives from the 

first-order condition for the k-period bond price, makes the CCAP-M a seem- 

ingly attractive candidate for explaining the LIPTS, i. e. a positive correlation 

between the future consumption growth rate and the term spread. Some au- 

thors have indeed concluded that it is consistent with the LIPTS. ' This study 

'Respectively Estrella and Hardouvelis (1991) p. 559, Smets and Tsatsaromis (1997) p. 
1. 

'Papers documenting empirical evidence (see footnote 2) do not refer to any theoretical 
model. Most mention the possible role of monetary policy in explaining the LIPTS, but 
without formalising this argument. 

5This was noted by several authors: Harvey (1988), Donaldson, Johnsen and Mehra 
(1990), Estrella and Hardouvelis (1991), Plosser and Rouwenhorst (1994) and Chapman 
(1997). 

'Smets and Tsatsaronis (1997) p. 1, Dotsey (1998) p. 38. 
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proves this claim to be false. 

The central results of this study are as follows. First, it is shown that. 
perhaps count er- intuit ively, the CCAPi1vI does not reproduce the LIPTS. In a 

second step, to try to endow the term spread with some predictive power in this 

economy, we make the extreme assumption that agents have perfect foresight 

over all future shocks. Since agents now buy and sell bonds based on 'realised 
future consumption, one might expect the term spread to be a good forecaster 

of consumption growth. Yet, and this is something of a puzzle, we find that 

the term spread still does not have any predictive power. We conclude that 

the endowment economy is unable to explain the LIPTS, and we extend the 

model by introducing endogenous production. Even though bond prices are 
determined identically in the production and in the endowment economies, 

term spreads generated in the production economy are now good predictors 

of futuxe output growth, and to some extent, of future consumption growth. 
The production economy is therefore able to provide a reasonable justification 
for the empirical LIPTS, and illustrates mechanisms which appear to explain 

its Presence in reality. Las-It. -ly, we show that in this model, when agents receive 

signals about future productivity shocks, the predictive power of the spread is 

further strengthened. 

Note that this study does not try to explain the term structure of interest 

rates or to model term premia. A vast amount of literature is already available 

on these issues. ' Nor does it study the co-movements of consumption growth 

-he real interest rate, as in Harvey (1988) or Chapman (1997); rather, and 

focuses on the predictive power of the term spread for future consumption and 

output growth. Donaldson et A (1990), Labadie (1994) and Chapman (1997) 

all comment on how the term spread changes over the business cycle, but none 

'See for example Backus, Gregory and Zin (1989), Donaldson, Johnsen and Mehra (1990), 
Labadie (1994), den Haan (1995) and Cox, Ingersoll and Ross (1985b), Campbell (1986), 
Longstaff and Schwartz (1992). 
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studies the LIPTS in detall. 

The remainder of this study is organised as follows. The next chapter 

sets the gTound for the rest of the study: it discusses the intuition underlying 

the LIPTS, explains the choice of the models, outlines the approach used to 

investigate the LIPTS and mentions empirical results-, lastly, it formulates 

the "standard model". Chapter 5 presents results for the standard stochastic 

endowment economy and chapter 6 introduces perfect foresight. Chapters 7 

and 8 report the findings for the production economy without and with advance 

knowledge, respectively. Chapter 9 concludes. 
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Chapter 4 

Background and methodology 

4.1 The approach 

Even though there is overwhelming empirical evidence supporting the LIPTS, 

little is known about its theoretical foundation. The main theoretical argument 

relies on the impact of monetary policy on the yield curve and, with a lag, on 

economic activity, thus generating a link between these two variables. More 

simply, the term spread can be viewed as a relative measure of the health of 

the economy. If high interest rates are associated with high economic growth, ' 

then when long-term interest rates are above short-term interest rates, this 

signals (under the expectations hypothesis) that the economy is expected to 

do better in the longer term than in the near future, and implies a positive 

correlation between the term spread and future economic activity. However, 

the rather heuristic nature of this argumentation highlights the need for a 

more thorough theoretical underpinning of the LIPTS. This study proposes to 

derive the implications for the LIPTS in two dynamic equilibrium asset pricing 

models, each of which is studied under two different assumptions about the 

1RBC models provide a theoretical justification for this conjecture and Harvey (1988) 
presents empirical evidence 
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information available to agents. 
The first model is a stochastic endowment economy (CCAP. N, I). It is intro- 

duced first, as a "cornerstone model" to investigate the LIPTS. The CCAP__\1 

is a central model in the asset pricing literatuxe, and one which provides a use- 
ful benchmark to study the LIPTS. Moreover, it has sometimes been claimed 
to be consistent with the empirical LIPTS 

.2 
Chapter 5 examines this asser- 

tion. Both analytical and numerical results are obtained. We show that the 

endowment economy badly fails to generate the LIPTS. In this model, even 
though interest rates are positively correlated with future consumption growth 

rates, term spreads are negatively correlated with consumption growth rates, 

and hence fall to reproduce the empirical evidence as illustrated in figure D. 2. 

However, if in reality the LIPTS is induced by the presence of "better in- 
formed" agents, then the poor predictive ability of the term spread in this 

simulated economy may result from too restrictive an assumption about the 

information available to agents. To account for this possibility, we make the 

extreme assumption that agents have perfect foresight over all future periods 
(chapter 6). Surprisingly, we find that even when agents know the realised 

consumption path, and buy or sell bonds accordingly, the term spread has no 

predictive power for future consumption growth. 

In view of the failuxe of the endowment economy, we extend the model 

by introducing endogenous production with capital as the unique production 

factor (RBC model). Chapter 7 provides a detailed justification for this choice 

of model. Note for now that it is a natural extension, and one which does 

not add new degrees of freedom in the parameterisation. In this model, bond 

prices are determined by the same equation as in the previous endowment 

economy, and yet here term spreads are able to predict future output growth, 

and to some extent, future consumption growth. As will be seen, this result is 

See footnote 6 in chapter 3. 
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driven by the ability of agents to smooth their consumption after a productivitv 
shock by investing in the production factor, therefore prolonging the impact 
of the shock. Thus, a productivity shock is allowed to have an impact on bond 
prices by inducing intertemporal consumption substitution. In this economy, 
we also introduce signals about future productivity shocks, and show that this 

improves the predictive power of the term spread for consumption (Chapter 

8). Lastly, section 8.2 discusses some alternative signals' specifications. 

4.2 Measures of the LIPTS 

Before presenting the standard model, we first turn to the measures used in 
this study to assess the LIPTS. The empirical literature distinguishes two 

main approaches. The first one proposes a simple OLS regression of the future 

consumption or output growth rate (Ck 
I yk) on the term spread (spread k): ttt 

k 
ct = 00 + ý31 - spread' + E, t 

k 
where ct 

ln(Ct+klCt) 

and similarly for yk 7t k 

spread 
krk_ 

rl ttt 

(4.1) 

(4.2) 

and r. ý is the k- eriod interest rate at time t. The LIPTS holds if 01 is positive Gp 
and significant. Papers documenting evidence on a positive and sign1ficant'31 

include Estrella and Hardouvelis (1991), Plosser and Rouwenhorst (1994), Es- 

trella and Mishkin (1997) and Dotsey (1998). This result holds for forecast 

intervals going from 3 months to 5 years. They also estimate some variations 

of equation (4.1) introducing, for example, the short rate or some known eco- 
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nomic leading indicators, but the underlying idea remains similar and 3, is 
found significant throughout. The LIPTS is found to hold in the US. UK, 
France, Germany and Italy. 

The second approach applies a probit model to assess the ability of the 
term spread to predict the probability of a future recession (or upturn): 

Pt (Recession=: 1) = F(, 30 + 01 - spreadt-k) (4-3) 

The fitted values for Pt give the probability of a recession at time t conditional 

on the value of the spread at t-k. Results are reported by Estrella and 
Hardouvelis (1991), Estrella and Mishkin (1997), Dotsey (1998) and Bernard 

and Gerlach (1998), who find that the term spread is a good predictor of the 

probability of future recessions. The last paper shows that this property holds 

in all G7 countries apart from Japan. Some papers also use a VAR, see for 

instance Canova and De Nicolo (1997), Estrella and Mishkin (1997) a nd Smets 

and Tsatsaronis (1997). These papers generalise the research question, but all 

confirm the LIPTS. 

In this study, using a VAR would be meaningless since the models studied 

only allow for a single shock. Equation (4.3) is particularly illuminating for 

real data, as the obtained probabilities can then be compared with the true 

recession profile. However, to test the LIPTS in simulated economies, equa- 

tion (4.1) provides a straightforward benchmark, which allows us to pin down 

precisely the nature of the co-movements between the term spread and future 

consumption or output growth, and which is easily comparable across models. 

Plosser and Rouwenhorst (1994) were the first to match the term of the spread 

(k) with the length of the forecast interval for consumption. We follow their 

approach, and estimate equation (4.1) with the same number of observations 

as they do, namely 188. ' As a second measure for the LIPTS, we compute 

3The observations are taken from the steady-state distribution. Harvey (1988) also 
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the correlation coefficients between the spreads and the future consumption or 
output growth rates for the entire simulation sample (5000 periods). Again, 

these are easy to compare across models, and an important advantage that b 

an analytical solution can be obtained for the endowment economy. To sup- 
port the LIPTS as evidenced in figures D. 1 and D. 2, these coefficients should 
be positive. 

4.3 The standard model 

The remainder of this section outlines the "standard model" with features 

common to all models presented in this study. Characteristics specific to the 

different economies are then discussed separately in the relevant chapters. Let 

us start with the endowment economy. Agents are rational and maximise 

expected future discounted utility. Their utility depends on consumption (ct) 

and is described by a time-separable power utility function. A power utility 

function has two important advantages. Firstly, it is scale invariant: with 

constant return distributions, risk premia do not change over time as aggregate 

consumption and the scale of the economy increase. Secondly, if different 

investors in the economy have the same power utility function and can freely 

trade all the risks they face, then even if they have different wealth levels they 

can be aggregated into a single representative investor with the same utility 

function as individual investors. ' Agents are subject to a budget constraint 

which restricts their consumption to the maximum available endowment (yt) 

in the economy. The endowment is determined exogenously and is subject to a 

matched the maturity of the spread with the forecast interval for consumption, but his 

regression differs from (4.1). His dependent variable is (Ck _ CI) instead of cý'. He was not ttt 
testing the LIPTS as studied more recently in the empirical literature, but was verifying the 

predictions of the CCAPM, i. e. the positive correlation implied between the consumption 
growth rate and the real interest rate. 

4 See Campbell et al. (1997), p. 305. 
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random shock (ut). In equilibrium agents consume all the endowment so that 

ct = yt. Additionally, every period agents can decide to buy or sell k-period 

real zero-coupon bonds (b k, 
t k=1, 

... ' K) at the prevailing price (p') t . 
Bonds 

are in zero net supply. Agents keep the bonds until maturity, when they pay 
off in units of endowment. 5 Note that this model is a special case of Lucas 
(1978). Agents solve the following maximisation, problem: 

00 
ot 

c 1-0- 
max Eo t (4.4) 
{ct I 

t=o 

subject to 

KK 

Ct+ kbk=:: yt +bk (4.5) EAtE 
t-k 

k=l k=l 

and the following law of motion for the endowment: 

ln(yt+, ) = pln(yt) + ut+l (4.6) 

2 
where ut - N(O, o-u) and i. i. d.. Solving (4.4) subject to (4.5) and (4.6) yields 

the following expression for the price of a bond with maturity k: 

k= 
ý3k . Et 

( Ct+k 
Pt 

Ct 
(4-7) 

The k-period interest rate rk is defined as - and can be written as: 6 tk 

rk= -Ino- 
I 

In Et 
( Ct+k 

(4.8) tk Ct 

The spread becomes: 

"The model is unchanged if agents are allowed to sell (buy) back bonds before maturity. 
6 This is the continuously compounded interest rate. Under k-period compounding, the 

1k rate would be given by - Differences between these two definitions are small as k 

(Pt 

long as interest rates are not too large. The continuous time definition is used to simplify 
the analytical expressions. 
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k 
rk _ ri E Ct+i 

( Ct+k ))( 

Ct 

) (, *) ) 

spreadt ttk In 
(t 

Ct 
+ In Et (4.9) 

From the first-order condition (FOC) (4.7) it can be seen that the bond 

price is negatively correlated with expected consumption growth. This results 
in the well-known feature, that in consumption based asset pricing models, the 

interest rate is positively correlated with the expected consumption growth 

rate. ' This property follows directly from agents trying to insure themselves 

against unwanted consumption fluctuations. If agents expect low consumption 

at t+k, they buy bonds today which mature at t+k and provide them with 
(Pk) additional endowment. This drives today's price of the k-period bond t 

up, and its interest rate (r k) down. The opposite reasoning holds when agents t 
expect high consumption, thus explaining the positive correlation between 

the interest rate and the future consumption growth rate (Corr(r k7C k) > 0). 
tt 

Since the k-period spread is defined as rk- r', it is obvious from the argu- tt 
ment above, that it will be positively correlated with the consumption growth 

rates differential, i. e. with the difference between the k-period and I-period 

consumption gTowth rates (Corr(r k_r1)Ck_ cl) > 0). ' Some authors con- tttt 

cluded that this observation provides a justification for the empirical LIPTS-9 

In other words, they concluded that this standard model is able to reproduce 

the positive correlation illustrated in figure D. 2, between the spread and the 

consumption growth rate. Chapter 5 shows that this is not the case. In an 

endowment economy, even though the interest rate is positively correlated 

with the consumption growth rate, the term spread is negatively correlated 

with the consumption growth rate and the LIPTS is rejected. To summarise, 

7 See footnote 55 in chapter 3 for references. 
'Harvey (1988) reports empirical evidence on this positive correlation. 
9See footnote 6 in chapter 3. 
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the CCAP__M implies that Corr(r k' 
Ck ) and Corr(spread k' 

Ck - c') are positive., ttttt 
k' Ck but it does not allow ex ante any inference about Corr(spreadt, 

t), which 

corresponds to the LIPTS as studied in the empirical literature. 

For the numerical simulations, our model is calibrated to match US quar- 
terly data, and except for the risk aversion coefficient (0) the parameters are 

chosen as in den Haan (1995): 

0=0.99 0=30.95 oru = 0.007 

In the asset pricing literature, authors tend to choose relatively high risk aver- 

sion coefficients to obtain more significant risk premia. Since the purpose 

of this study is to investigate whether a standard model is able to explain 

the LIPTS, a lower 0 is selected. " Generally stated, and this will remain 

true throughout the study, our aim is to work with plausible parameters, as 

opposed to identifying an arbitrary set of values for which the model would 

reproduce the LIPTS. 

To conclude this chapter, note that most empirical studies use nominal 

interest rates while the model presented above is real. The main reason em- 

pirical studies use nominal interest rates is because ex ante real rates are not 

observable, and computing them requires a measure of expected inflation. Ap- 

pendix B derives real rates for several maturities in the US, and shows that 

the LIPTS holds for real spreads as well. Moreover, following Donaldson et al. 

(1990), this approach can further be jiistified based on two observations: (1) 

Nominal and real rates exhibit very similar properties in artificial economies 

(see Backus et al. (1990) and Danthine et al. (1987)); (2) in reality nominal 

and real short-term rates tend to move in tandem. The latter is consistent with 

the observation that short-term nominal rates contain no information about 

IORouwenhorst (1995) suggests f 1; 51 as a range of plausible values for 0.3 is the average 
value of this range. 
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future inflation (-iNvIishkin (1990)). The next chapter reports results for the 

standard endowment economy outlined above; chapter 6 introduces advance 

knowledge and chapters 7 and 8 study the production economy. 
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Chapter 5 

Stochastic endowment economy 

Here we report the analytical and numerical results for the stochastic endow- 

ment economy described by equations (4.4) to (4-6). Closed-form solutions 

are presented for the term spread, the consumption growth rate and their co- 

variance, allowing us to study the LIPTS directly. To quantify the findings 

we perform numerical simulations, estimate ý31 in equation (4.1) and compute 

Corr(spread kj Ck) . Lastly, a detailed study of the impulse response functions tt 

illustrates the economic intuition underlying the results. The analytical results 

are presented first. 

5.1 Analytical results 

The interest rate is given by equation (4.8) (repeated here for convenience): 

In0 -1 In Et 
( Ct+k ) -0 

tk Ct 

We need to find an expression for Et ( "I' ) In equilibrium ct ::::::: yt, hence 
Ct 

substituting backwards for ln(Ct+k) (k = 1,27 -7 
K) in the law of motion (4.6), 

the following expression can be obtained for ln(Ct+k): 
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r/ 

k-1 

In (Ct+k) 
_ Pk ln(Ct) +E PiUt+k-i 

i=O 

Taking the exponential: 

k-1 

t+k Cpt 
k. 

exp 
Epi 

Ut+k-i 

( 

i=O 

(5.2) 

We then divide by ct, iaise the resulting expression to the power (-0) and 

take expectations: 

Ct+k -0 
= C-O(pk_l) . 

k-I 
i (5-3) Et t Et exp -0 

Y 
Ct 

P Ut+k-z' 
i=O 

k-1 

Since ut is distributed normally with mean 0 and variance o- 
2pi Ut+k-i 
U 

i_n 
k-1 

is distributed normally with mean 0 and variance 020r2 2i 
and'therefore UEp i=O k-1 k-1 

exp E PýUt+k-i is distributed lognormally with mean exp 
102U2 1: p 2i 

i=O 

( 

i=O 

Hence, equation (5-3) becomes: 

-( 
Ct+k ) -0 -- 

_O(pk-l ). 1 
02 2 

k-I 
2i Et ct exp - clu Ep 

Ct 

(2 

i=O 

which can be rewritten as: 

Et 
Ct+k 

Ct 
o(pk 

Ct 
exp 

102 1-P 2k 
o- 2 

1-p2u) 
(5.4) 

Substituting (5.4) into (5.1) yields: 

k InO +I O(pk ln(Ct) _1 02 
1-p 2k 

0- 
2 

tk 2k 1-p2u 

and for the spread: 
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k0 [(Pk 2 
spreadt k 

1) - k(p - 1)] In(ct) + 
ý7 u [k(l 

_ P2) p2k)] 2k(l - p2) 

(ID-5) 
Consumption growth is defined as: 

ck =I [ln(Ct+k)- ln(ct)] tk (5-6) 

Inserting (5-2) gives: 

k (pk 
k-1 

ct k 1) ln(ct)+ E 
PýUt+k-j (5-7) 

i=O 
We now turn to the covarlance between the spread and the consumption 

growth rate (Cov(spread', Ck)) 
. First of all we show that E(Ck) 

== 0. From the ttt 
law of motion (4.6), and since in eq-Lulibrium ct = yt, we can write: 

t 

In(ct) =Epi Ut-i 
i=O 

so that 

00 

E [ln(ct)] EEpi Ut-i 0 (5.8) 
i=O 

From (5-7) and (5.8), we see that E(c, ) = 0. Therefore, 

Cov(spread kj 
Ck) = E(spread k. 

Ck) tttt 

Using (5-5), (5-7), (5.8) and the distribution properties of the shock ut, a few 

algebraic steps are sufficient to show that (the full demonstration is contained 

in appendix A. 1): 
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k) 
0k_(pk_ 1) 

0- 2 
Cov(spreadt 

, ct (P 1) - (p u kIk p2) 

This expression can be rewritten as: 

Cov(spread k, Ck) tt 
(7uo 

k2 

(I k-I 
E (I 

- pi) 

i=O 

(5.9) 

(5-10) 

From (5.10) we see that for k>1, the covariance is negative. Figure D. 3 
further shows values taken by the covariance for kc [2; 40] and pE [0; 1]. We 

see that for p E [0; 1], the covariance and hence the correlation between the 

spread and consumption growth is negative. ' Thus, for a plausZble calibration 

of the model i. e. p<I the standard endowment economy fails to explain the 
LIPTS. This result shows that in consumption based asset pricing models, even 
though real interest rates are positively correlated with consumption growth 

rates, this property does not necessarily imply that term spreads are posthvely 

correlated with consumphon growth rates, and cannot be used as a theorehcal 

3. ustificatton for the LIPTS. 

5.2 Numerical results 

To provide an illustration for this finding, numerical results (tables C. I and 

C. 7), and impulse responses (figures D. 5 and D. 6) are reported. 2 The economy 

is simulated 500 times over 5000 periods, and the reported values are average 

values from the 500 repetitions. 3 In table C. 1, the 01 coefficients obtained from 

'The analytical expression for the covariance is significantly simpler than the one for the 
correlation, hence since we are mainly interested in the sign of the correlation between the 
spread and the consumption growth rate, it is sufficient to look at their covariance. 

2 All simulations in this paper are performed using own programmes written in GAUSS 
for DOS version 3.2.17. 

3This approach is applied to all models studied in this paper. 
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equation (4.1) are negative and significantly different from zero, confirming 
that the LIPTS is rejected in this model. Table C. 7 shows that both, 31 and 
Corr(spread', ck) are never positive in any of the 500 simulations. Looking tt t) 
more closely at the correlations and impulse responses, we can explain these 

results. First, we see that the consumption growth rate is negatively correlated 

with the endowment shock. This can be verified from equation (5.7): ut only 
k impacts on ct via ln(ct), and the coefficient multiplying ln(ct) is negative, so 

k that Corr(ct 
, ut) < 0. Intuitively, with p<I an endowment shock ut has 

the biggest impact on consumption in the period in wl-i-ich it occurs. This 

implies that the impulse response function for consumption (IRF(ct)) reaches 

a peak when the shock occurs, and then declines following an AR(1) process 
(figure D. 5). Consequently, after a one-off positive shock ut (and no further 

shocks), future consumption growth rates, as proxied by the slope of IRF(ct) 

are negative and Corr(c k ut) < 0. Note that average consumption growth t 

rates become less volatile the longer the forecast horizon, explaining why this 

correlation becomes more negative with k (in table C. 1). 

On the other hand, the k-period spread is positively correlated with the 

endowment shock for any k. This can be seen in equation (5.5). From 

Corr(c k kj Ut) >0* ýk k) 

t, ut) <0 and Corr(spreadt 
y it is obvious that Corr (spreadt 

, ct 

< 0, but what is really happening? Remember that bond prices are deter- 

mined by expected consumption growth rates, which can be approximated by 

the slope of IRF(ct). In figure D-5, since IRF(ct) is downward-sloPing, con- 

suniption growth rates are negative and agents will buy bonds. Moreover, 

since IRF(ct) is convex, this implies that the I-period consumption growth 

rate is more negative than the k-period growth rate. Agents therefore need 

"more insurance" for the short term relative to the long term, they buy more 

short-term than long-term bonds, r' falls more than rk and the spread rises. tt 
Consequently, the rise in the spread after a one-off positive shock is wrongly 
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associated with a negative future consumption growth rate. The crucial point 

which explains this negative result is that in an endowment economy. shocks 

have the biggest impact on the consumption growth rates, or marginal rates of 

consumption substitution (MRS), in the first period. This means that after a 

shock, ct' is always larger than ck (in absolute values), and Ck - cl always moves ttt 
in opposite direction from ck. This finding is not specific to the chosen law 

t 

of motion (4-6). Even when allowing for growth in the consumption process., 

i. e. assuming that consumption is integrated of order one, the LIPTS is still 

rejected. Appendix A. 1.1 proves this result. 

36 



Chapter 6 

Stochastic endowment economy 

i ith perfect foresight 

Before completely dismissing the endowment economy as a candidate for ex- 

plaming the LIPTS, let us think again about what may be responsible for the 

LIPTS in reality. If the LIPTS is due to the presence of "better informed" 

agents, Le. agents with some relevant information about the future, then the 

assumption made in the previous chapter about the available information was 

too restrictive, and may have been responsible for the failure of this model. To 

account for this possibility, in this chapter we make the extreme assumption 

that agents have perfect foresight over all future endowment shocks, i. e. that 

they know with certainty all future states of the economy. The FOC for the 

bond price becomes: 

k= ok 
Ct+k 

A 
Ct 

the interest rate is: 

(6.1) 

rk= -InO+ý In 
( Ct+k 

-InO+O. c 
k (6.2) 

tk Ct 
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and the spread: 

kk 
:=0. (Ck 

_ Cl) spreadt -= r- rl tttt 

In this model, the interest rate correlates perfectly with the consumption 
growth rate, therefore studying Corr(spread kI Ck) amounts to studying: tt 

Corr (c k_cIck 
ttIt (6-3) 

When will this correlation be positive? If we assume that ct' goes up, three 

scenarios are possible: 

if cl goes up in the same proportion as Ck, the correlation is zero, tt 

2. if c' goes up by more than c', the correlation is negative tt7 

3. only if cIk t goes up by less than ct or falls, will the correlation be Positive. 

Accordingly, in this economy the LIPTS only holds in case 3. The term 

spread predicts high consumption growth from today to t+k (ct' T), if and only 

if the average consumption growth rate from today to t+k is higher than from 
k today to tomorrow ((ct -- ct') T). This corresponds to the empirical evidence 

where the spread forecasts an upturn when long-term interest rates are above 

short-term interest rates, and also matches the intuition that the predictive 

power of the spread comes from comparing current with future (expected) 

health of the economy. At this stage it looks intuitive that Corr(c k_C11C k) 
ttt 

may be positive, yet the closed-form solutions reveal that in fact case 3 never 

arises. As in the previous model, case 2 prevails, resulting in a negative (almost 

zero) correlation between the spread and the consumption growth rate, and the 

rejection of the LIPTS. In this economy, agents know their future consumption 

with certainty; they buy or sell bonds based on the realised future consumption 
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path, and yet the term spread appears to contain no information about future 

consumption. This is a puzzling result, which demonstrates that the failure 

of the CCAPT'vI to explain the LIPTS does not result from agents lacking 

information, but is inherent to the model. The analysis below explains why. 
Let us now turn to the analytical expressions. 

Analytical results 

The interest rate is given by equation (6-2): 

rk lný3 +0 ln 
( Ct+k 

k Ct 

Substituting (5.2) we get: 

InO +ýk k 
_(P 

and the spread becomes: 

- ln +0 [ln (Ct+k) - ln(Ct)] 
k 

k-1 

1) ln(ct)+ E PiUt+k-i 
i=O 

(6.4) 

k0 [(Pk 
0 k-1 

. 13preadt =k_ 1) - k(p - 1)] ln(ct) +kE OjUt+k-i - out+, (6.5) 

i. 
=0 

Consumption growth in this economy is the same as in the simple stochas- 

tic endowment economy, and is given by equation (5.7) (repeated here for 

convenience): 

k 
ct - 1) In (ct) 

k-I 
E 

/ýUt+k-j 

i=O 

(6-6) 

Lastly, using (6.5), (6-6); (5.8) and the distribution properties of the shock 

ut, a few algebraic steps (which are reported in full in Appendix A. 2) are 
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sufficient to show that: 

k0k (pk 2 
Cov(spread 7 Ck) u tt 

[k 
(p 

k 
(p 

p2) 

+p 
2k 

k-I 
k 

(k(l 

- p2 
p 

Note that the expression in curly brackets is equivalent to (5.9). This result 

can further be simplified to: 

00- 2k- 2) 
(1 Cov(spread k)c k) 

_u p(l _ pk-2) pk) tt k(l - p2) 

[(k 
(6-7) 

From (6-7) we see that the covariance is zero for k=2, and appendix 

A. 2.1 shows that it is negative for k>2. Figure DA further plots values taken 

by this covariance for k Cz [2; 40] and p EE [0; 1] - We see that for pC [0; 1] 7 
the covariance and hence the correlation between the spread and consumption 

growth is negative. The LIPTS is once again rejected: even though the term 

spread embodies "perfect information" about the future, it is still unable to 

predict future consumption growth. A look at the numerical results allows us 

to understand better what happens, and to assess the performance of this 

model relative to the previous one. 

6.2 Numerical results 

Tables C. 2 and C. 8 contain the numerical results, and figures D. 7 and D. 8 

display the corresponding impulse responses. Compared to the previous econ- 

omy, table C. 2 shows that the 01 coefficients are now not significantly different 

from zero, and Corr(spread', Ck) is still negative but the values are very small. 
tt 
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While perfect foresight improves the results slightly, it still does not provide a 
satisfactory explanation of the LIPTS. From equation (6-5), and using similar 
arguments to those 1k n the previous chapter, we see that Corr(spreadt, Ut) IS 
positive. Yet, why does the spread have no predictive power at all while it is in 
fact allowed to reflect perfectly future shocks of the economy? The argument 
goes in two parts. First, since agents foresee all future shocks and set inter- 
est rates accordingly, a shock, when it occurs, has almost no impact on the 

spread and Corr(spreadk 
, Ut) 2ýý 0.1 On the other hand, since consumption is t 

determined exogenously and follows the same law of motion as in the previous 
k 

chapter, Corr(ct, ut) is similar to the one in the previous chapter (see table 
C. 1) - 

Hence, consumption reacts significantly to a shock, while spreads remain 
mostly unchanged, thus explaining their lack of predictive power. Figure D. 7 

also makes explicit why case 3 never holds. As in the previous economy, with 
p<1, endowment shocks have a declining impact over time: IRF(ct) is highest 

in the period the shock occurs and then starts declining. Moreover, IRF(ct) is 

convex, impl ing that c' will be more negative than ck (Vk). We are in case 2. Yi tt 
'To conclude, by considering an extreme case where agents have perfect 

foresight over all future periods, we showed that the rejection of the LIPTS 

is not due to a lack of information, but rather to a shortcoming inherent to 

the specification of the endowment economy. Even though the interest rate is 

perfectly correlated with the consumption growth rate, the term spread has no 

predictive power. It appears that in a model where the IRF(c, ) peaks in the 

-first- period, the term spread is a poor predictor of future economic activity, 

suggesting the need to extend our model. 

'IRF(spread k) is not exactly zero because interest rates, and hence spreads, are t k rk _ rl determined by future consumption growth rates: spreadt tt 
In (" -I-' 

)- In ( c--' )j. Thus, when a shock ut occurs, these growth rates are altered, 
Ct Ct 

explaining the change in the spreads. The slight movements in the spreads do not come 
from any surprise effect, but only from these changes in the future growth rates. 
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Chapter 7 

Stochastic production economy 

Motivated by the failure of the endowment economy to account for the LIPTS, 

the standard model is extended to include endogenous production, with cap- 

ital as a unique production factor. In this economy, agents can now decide 

in every period whether to consume all the available output, or to save part 

of it and invest it into capital (i. e. future production). Numerous other ex- 

tensions could be considered, for example more elaborated utility functions 

or endowment processes. However, this would give us additional discretion 

in choosing the parameters, and it would not be a very powerful result if we 

finally explained the LIPTS this way. Adding endogenous production is a nat- 

ural and straightforward extension, and one wl-i-ich does not require additional 

degrees of freedom (the capital depreciation rate can be pinned down from 

the data). Moreover, much is known from the RBC literature about how to 

model endogenous production and capital accumulation, and the parameters 

and functional forms can be taken from there. Lastly, den Haan (1995) studies 

bond price behaviour starting from a simple endowment economy and incorpo- 

rates in turn production, variable labour supply and money. He finds that for 

the standard model with production, qualitative and quantitative properties 

of bond prices are the closest to match empirical features. Both the introduc- 
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tion of variable labour supply and money worsen the results. Based on this 
finding, it is sensible in this study to select a model known to best replicate 
other important features of bond prices. 

Before turning to the formal analysis, it is worth discussing why the produc- 
tion economy has an enhanced chance to generate the LIPTS. The previous 

chapters showed that a model with a declining IRF(ct) falls to explain the 
LIPTS. By contrast, this model seems likely to have a rising IRF(ct). This 

is because a positive productivity shock today increases consumption contem- 

poraneously, but also raises investment, and via capital accumulation, this 

implies higher future production and consumption, and thus a rising IRF(ct). 

Clearly, allowing agents to substitute between current and future consump- 

tion will have an impact on asset prices. Formally, the model of chapter 4 is 

augmented in the following way. Agents can now consume (ct) and invest (it) 

in the production factor capital (kt). Production (yt) is subject to an auto- 

correlated productivity shock (0t). Agents maximise the same utility function 

(4.4) but are now subject to the following budget constraint: 

KK 
kkbk 

Ct + it+ 1: A bt yt+ E 
t-k (7.1) 

k=l k=l 

where 

it = kt - (I - d)kt-I (7.2) 

arlu 

yt = Ot kt' 1 
(7-3) 

(7.2) describes the capital accumulation process, with d the constant depreci- 

ation rate of capital. (7.3) is a Cobb-Douglas production function where the 

labour input is held constant and normalised to one, and a is the share of 
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capital in total output. The productivity shock is driven by: 

In(Ot) = pln(Ot-, ) + ut (7.4) 

and ut - NA 7,2 ) and i. Z. d.. Solving (4.4) subJect to (7-1), (7.2), (7.3) and 
(7.4) yields equation (4.7) for the price of a k-period bond, and an additional 
first-order condition for consumption: 

+1 ct OEt ct 0 (Ot+lcek'-' +I- d) t (7.5) 

Since bond prices are still described by the same equation (4.7), this allows us 
to say ex ante, that a necessary condition for this model to explain the LIPTS 

is that its IRF(ct) should not be declining. The additional parameters in this 

model are chosen so as to match US quarterly data, and are based on den 
Haan (1995): 

0: = 0.99 0=3d=: 0.025 p=0.95 ce :: = 0.33 o-,,, = 0.018 

Exact analytical solutions cannot be obtained in this case, and the model 
is solved numerically. The parameterised expectations algorithm by den Haan 

and Marcet (1990) is used, whereby the conditional expectations in (4.7) and 

(7.5) are approximated using power functions of the state variables; the solu- 

tion is obtained by iterating on the functions' coefficients until the expectations 

become good predictors. The next section describes this algorithm in greater 

detail. 

7.1 Parameterised expectations algorithm 

A full description of the parameterised expectations algorithm can be found 

in den Haan and -'vlarcet 
(1990). Marcet and Lorenzoni (1998) further discuss 
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various applications of this algorithm. Here we present the parameterised ex- 

pectations algorithm using equation (7.5) as an example. The same approach 

can then be applied to equation (4.7). The underlying idea is to replace the 

conditional expectation in (7-5) by a power function of the state variables-, 

thus (7.5) is rewritten as: 

-0 
=6k 

62 063 ct , t-i t (7-6) 

where kt-jand Ot are the state variables of this economy. It should be clear that 

once we know the "true" coefficients 161,62,631, it is easy to solve for ct and 

kt. We first obtain ct from (7.6), and then get k, from (7.1) to (7.4). The core 

of the algorithm is therefore to find f6l, 62,631= 6, such that (7.6) provides 

an accurate approximation of (7-5). More precisely, this implies choosing 6 

such that 6f = S(6f) where: 

t 
063 

S(b) =arg min E Co (6) (Ot+lak"-' (6) + 1. - d) (61 k62 1t2 (7-7) [( 
t+l t 

(7.7) guarantees that if agents use 61k 
621063 

as their expectation function, 
t- t 

then 6f is the best parameter they could use, in the sense that it rrunimises 

the mean squared error. The fixed point bf is calculated with the following 

iterative procedure: 

1. Generate a series for 0, of length T. Choose an initial 60 r--- R' and 

=1 using (7.1) to (7.4) and (7.6). 
calculate f ct (60); kt (60) 1 Tt 

t= 

2. Run a non-linear least squares regression (NLR) of 

C-0 (60) (Ot4-jozk'-1(60) + d) ( 
t+l t 
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60 
on bokt-, Ot .0 

602 31 It is easy to show that the result of the NLR converges 
to S(60) (in equation (7.7)) as T goes to infin, ty. 2 This is therefore our 
approximation of S(60). 

3. The new sets of coefficients 6', 62 
1*, *7 6' are given by the following itera- 

tive scheme: 

6v - (I - A)6v-' + AS(6v-i 

for aAE 10; 1] appropriately chosen. 

V=1,2,... 

Hence, 61 = (I - A)60 + AS(60) and we go back to step 1. We stop the 

iterations when 6' is close to S(F). The accuracy can be increased by choosing 
higher order power functions. 

7.2 Numerical results 

The results are reported in tables C. 3 and C. 9. Three features of this model 

are striking: (1) the term spread significantly predicts future output growth at 

all forecast horizons, (2) it falls to predict consumption growth In the short run 
(3) it predicts both future output and consumption growth for longer forecast 

horizons (over 10 years). Hence, the production economy is able to match 

the LIPTS for output growth for all forecast hon*zons, and for consumption 

growth for long-term honzons. This is a central finding since it demonstrates 

the ability of a simple model to match an important property of real data, 

and to provide it with a rigorous theoretical underpinning. Note that this 

ability does not follow from the FOC (4.7), as has been sometimes claimed 

'Pindyck and Rubinfeld (1991) pp. 231-234 give a detailed explanation of nonlinear 

estimation. 
2See den Haan and Marcet (1990). 
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7 

in the literature. ' Both the endowment and the production economy have 
the same FOC for the bond price, yet only the latter reproduces the LIPTS. 
The main mechanism triggering this positive result is the ability of agents 
to substitute consumption int ert emp orally. In the production economy when 
a positive shock occurs, agents increase their contemporaneous consumption. 
but not by the full amount of the shock. Rather, in an effort to smooth their 

consumption path, they save part of the shock and invest it in capital. The 

higher capital stock then allows higher production and higher consumption in 
the future. Therefore, as opposed to the endowment economy case, a shock 
does not exert its biggest impact on consumption in the period it occurs, but 

rather sees its effect extended and magnified through the investment channel. 
In other words, IRF(ct) is rising, explaining the better performance of this 

k). model. Figures D. 9 to D. 11 show IRF(ct), IRF(yt) and IRF(spreadt 

Before explaining how this model relates to the empirical LIPTS, we need 

to explain separately each of the three results mentioned above. First, why is 

the LIPTS rejected in the short-term for consumption? In figure D. 9, IRF(ct) is 
kk 

rising for the first 4 years, implying that c will be positive and Corr(ct, u, ) > 0t 
0. Yet, since IRF(ct ) is concave, MRS are declining. In other words, c' is t 

kk larger than ct , and based on (4-8) rt rises more than rt , the spread falls and 

falls to predict the future rise in consumption. This explains why the LIPTS is 

rejected for consumption in the short-term, now we have to show why it holds 

in the long-term. Notice in figure D-9 that after nine years (point B), IRF(ct) 

falls to below its original levei. IRF(Ct+37) < IRF(ct). This means that for 

kk ut) < 0. ' Furthermore, we know from k> 36, ct will be negative and Corr(ct , 

the previous argument that the spread falls after a positive shock, because 

long-term rates rise less than the one-period rate (for k> 36, r' even falls). t 

3See footnote 6 in chapter 3. 
'This can be verified from table C. 3. 
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Hence, the fall in the long-term spread correctlv predi CD I erm the future long- 
decline in consumption, and the LIPTS holds for horizons over 10 years. ' 

Lastly, let us investigate why the LIPTS holds for output. Even thouo-, h ýD 

agents are able to extend the benefits of a positive producti ity shock by sal -ing "vi 

part of it and investing into capital, implying higher future consumption., the 
impact of an isolated productivity shock itself on output is greatest in the first t) 
period, and then decreases following an AR(1) process. In figure D-10, this 
is reflected by IRF(yt) reaching a peak in the first period and then declining. 

kk Hence yt, as captured by the slope of IRF(yt), is negative and Corr(yt 
, ut) < 

0. The declining spreads correctly predict the negative future output growth 
rates, justifying the LIPTS in respect to output. Table C. 3 shows that, except 

in the short-term, the 31 coefficients for output are positive and significantly 
different from zero. Output growth rates are less volatile the longer the forecast 

horizon, explaining the fall in magnitude observed in the ý31 coefficients. 
To try to understand the empirical LIPTS better, it is worthwhile con- 

sidering where the predictive ability of spreads arises from in the production 

economy. When a positive productivity shock occurs, the marginal productIv- 

ity of capital increases. Agents know that output will be higher in the following 

periods, and therefore that they will enjoy higher consumption levels. Such a 

situation leads agents, firstly to invest in capital (since the return on capital 

is higher), and secondly to sell short-term bonds (since they will enjoy high 

consumption in the near future). As a consequence, short-term interest rates 

rise. Agents expect this positive productivity shock to persist, but with a de- 

513ased on table C. 3 it may seem that only long-term spreads contain some predictive 
information about future consumption. Yet, this is not exactly true. Following a pos- 

In fact, IRF(spreadt itive shock, all term spreads fall, independent of their maturity. k) 

k 
and Corr (spreadt 

, ut) are almost invariant with respect to k. This implies that long-term 

and short-term spreads have an identical power to predict long-term consumption growth. 0 
Similarly, both long-term and short-term spreads fail badly to forecast the initial rise in 

consumption. 
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creasing impact .6 This means that they expect the maruinal productivity of 
capital to start decreasing, or grow at a lower pace in the future. Since they 
also expect future consumption to grow more slowly, today they will sell less 
long-term bonds than short-term bonds. As a result, the spread goes down 
today. If their expectations turn out to be true, and the future productiv- 
ity level is lower than today's level, then today's fall in the spread correctly 
predicted this future "slowdown". Note that this model highlights two mech- 
anisms, which may play an important role in explaining the presence of the 
LIPTS in reality. Firstly, the LIPTS only holds in a model where agents can 

substitute consumption intertemporally in reaction to productivity changes. 
Secondly, it seems crucial that the spread is understood as a relative measure 

of the health of the economy (future vs. current health). In the previous 

example all interest rates are rising after a positive shock (for k< 37), but 

the shorter the maturity, the larger the increase. This is because the economy 

is performing well after a positive shock (justifying the increase in the rates), 
but decreasingly so (justifying the fall in the spread). 

To conclude, this chapter showed that a simple production economy is able 

to provide a reasonable theoretical underpinning for the LIPTS. Bond prices 

are determined in the same way as in the endowment economy, and yet in 

this economy term spreads have some significant predictive power. The main 

difference from the endowment economy is that IRF(ct) does not peak in the 

first period and then decline, but rather rises first before it starts declining. 

This property results from agents' ability to substitute consumption intertem- 

porally. 

6 We find that with an i. i. d. productivity shock, the production economy fails to reproduce 
the LIPTS. This is because the shock is only transitory, and thus agents save some of their 

current consumption, although not sufficiently to generate higher consumption levels in the 0 
future, or in other words a rising IRF(ct) as in figure D-9. IRF(ct) resembles the one in the 

endowment economy (figure D-5). 

49 



Chapter 8 

Stochastic production economy 

with advance knowledge 

The previous chapter showed that a production economy provides a reason- 

able theoretical underpinning for the LIPTS, yet the term spread still falls to 

predict the direction of short-term consumption growth. This chapter studies 
the same economy but introduces advance knowledge: agents know the exact 

productivity shock Ot two periods in advance. ' The reasons to consider ad- 

vance knowledge are twofold. Firstly, in chapter 6, perfect foresight tended 

to improve the results for the endowment economy, and it is interesting to 

ask if advance knowledge also has a positive effect in the production economy. 
Secondly, expanding the information set available to agents may help solve 

the problem mentioned above for short-term consumption growth. If agents 

foresee a positive shock two periods in advance, then this information will be 

immediately incorporated in the spreads. According to the empirical obser- 

vation, spreads should rise to reflect the prospect that the economy will do 

better in two periods. If they do, then they will correctly predict the future 

rise in consumption in the short-run. 

'This choice is justified in the next paragraph. 
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The economy is still described by equations (4.4), (7.1), (T. 2). (7.3) and 
(7.4), but agents' information set now includes Ot+j and0t+2- Another way to 
think about this model is to say that agents receive a signal (st) about future 

productivity shocks. In this case, if the signal is perfect (contains no noise) 

and is revealed two periods in advance, (7-4) can be rewritten as: 

ot = St-2 

where 

In(st) == pln(st-1) + ut 

and p and ut are chosen as in chapter 7. We allow agents to have perfect 
foresight over the next two periods for two reasons. Firstly, we are interested 

in the potential of spreads to reflect advance knowledge. If the signal is only 

available one period in advance, then the information will be fully embodied 
in the I-period interest rate, without allowing longer interest rates and thus 

spreads to react. Secondly, since the model is solved numerically, we need 

to restrict the number of state variables. For every additional period that 

the signal is revealed, an additional state variable is required, and it quickly 

becomes difficult to find a fixed point, i. e. convergent coefficients for the 

polynomials approximating the expectations in equations (4.7) and (7.5). 

8.1 Numerical results 

The results are sununarised in tables CA, C-5 and C. 10, and the impulse 

responses are displayed in figures D. 12 to D. 19. Table CA reports how each 

variable correlates with the contemporaneous productivity signal (ut), and 

with the contemporaneous (but known two periods ago) productivity shock 
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(Ut-2) 
- Table C. 5 shows the cross- correlations among the variables. as well as 

the estimated, 31 coefficients. Similarly, figures D. 12 to D. 15 show responses of 
the main variables to the signal, while figures D. 16 to D. 19 exhibit responses to 
the shock. The distinction between shock and signal is important. because in 
this economy the shock is revealed at time t but only occurs at time t+2: in our 
terminology at the time a shock is revealed it is called a signal, while when 

it occurs it is called a shock. The first observation is that the correlations 

of the variables with the shock, as well as their impulse responses are very 

similar to the ones observed in the previous economy (with the exception of 
Corr(spread', Ut-2), to which we will come back later). It does not matter t 
that the shock is known two periods z*n advance, when the shock an'ses, it has 

exactly the same Mpact as M the model wtthout advance knowledge. This is 

not surprising: when a shock occurs, agents face the same situation whether or 

not they knew about the shock beforehand. Hence, they respond to the shock 

in the same way as they did in the economy without advance knowledge. 

Yet, advance knowledge does make a difference, especially in the short- 

term: in the six-month window, the spread is now positively correlated with 

consumption growth. In table C. 10, for k =- 2, Corr(spread 2, C2) is positive tt 
in 65 percent of cases, while it was never positive in the standard production 

economy. However, the correlation between consumption and output growth 

drops significantly compared to the previous economy. To understand these 

differences, we look at the responses of the variables to the signal. As could 

be expected, output (figure D. 13) does not react to the signal: 1RF(yt) ib 

zero in the first two periods. Only when the shock occurs in period 3, and 

effectively raises the productivity level, does output rise; the response is then 

identical to the one in figures D. 10 and D. 17. On the other hand, consumption 

rises immediately in response to the signal (figure D. 12). Agents know with 

certainty that output will be higher in two periods, and to avoid a jump in 
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their consumption path, they choose to start increasing consumption today. 
They do so by borrowing for two periods, until the shock takes place and the 

'v 
can start saving again. This is reflected in IRF(zt) which is negative at first, 

and then rises rapidly (figure D. 14); correspondingly, the capital stock first 

declines and then is replenished. To summarise, following a positive signal. 

consumption rises instantaneously while output does not react, creating a di- 

chotomy between their respective short-term growth rates and explaining why 
Corr(c 21Y 2) falls from 0.9765 in the standard production economy, to 0.0746 tt 
in the production economy with advance knowledge. Note that for longer ma- 
turities, this correlation quickly increases back to the levels shown in table 

C-3. 

As can be seen from their impulse responses, spreads are greatly affected 

by the presence of advance knowledge. They are determined by expectations 

of future consumption, and consequently, prior information has a considerable 

effect on them. A positive signal implies that the economy will do compara- 

tively better in the future, and according to empirical findings, spreads should 

rise. This is indeed what we observe in figure D. 15, with the largest rise for the 

2-period spread whose impulse response peaks at almost 0.9. Hence, following 

the signal, the 2-period spread rises and correctly predicts the future increase 

in consumption. Corr(spread 27 C2) is positive, and the LIPTS holds now even tt 
in the short-term. However, spreads of longer duration are still negatively 

correlated with consumption growth rates; this is because they do not rise as 

much as spread 2 after the signal, and fall more after the shock 'figures D-155 
t 

and D. 19). Advance knowledge therefore only solves part of the problem: For 

consumption, the LIPTS holds M the long-term (k > 48) and for a szx month 

forecast Mterval (k = 2), but not for any Mtermediate duratzon. For output, 

the LIPTSstZll holds at all forecast horizons. 

Let us now comment on some features of the spreads' behaviour. First., 
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why do short-term spreads rise more than long-term spreads after a PositivP 
signal'? From the analysis in previous chapters, we know that interest rates are 
determined by expected MRS. Since these can be approximated by the slope 
of IRF(ct), and IRF(ct) is concave (figure D-12), shorter interest rates and 
hence shorter spreads rise more than longer interest rates and longer spreads. 
Another noticeable pattern is that spreads peak in the first period and then 
decrease dramatically. This can be explained as follows: at time t=I%: ý-hen 
the positive signal is received, agents foresee a big rise in consumption in 
two periods time (at t= 3); r' rises a little because agents increase their t 

k consumption in provision of the shock, but rt (for k <, 40) rises more, and 
k hence spreadt increases. On the other hand, at t=2, the shock will occur 

k in one periods time generating the biggest increase in r' compared to rt t 
k 

and inducing a decline in spreadt. At t=3, when the shock comes, we are 

back in the situation analysed in chapter 7. Note lastly that spread 2 hardly t 

reacts to the shockUt-2: the correlation is close to zero (table C-4), and 

so is the impulse response (figure D. 19). This is because spread 
2 depends t 

on consumption today, tomorrow and in two periods, all of which are known 

today; spread 2 is set to account for the next two periods' shocks, and therefore t 

remains nearly unaffected when these shocks occur. 2 

Three main conclusions arise from this analysis. Firstly, when introducing 

prior information in a standard production economy, spreads react in a con- 

sistent way with empirical findings. Empirical studies observe that spreads 

increase before a period of higher activity. Similarly, in our model, when 

agents receive a positive signal about the future, spreads rise. Secondly, ad- 

vance knowledge improves the predictive power of the spread in the short-term: 

the 2-period spread is now positively correlated with the corresponding con- 

sumption growth rate, the correlations between the spreads and output growth 

'See footnote 1 in chapter 6 for an explanation of why IRF(spread 2) is not zero. t 
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rates are higher, and the /31 coefficients for output are more significant - In a 
production economy with advance knowledge, simulated spreads come closer 
to matching the remarkable predictive ability of term spreads in reality. Yet, 
they still do not exactly match it. It is for example surprising that only the 
2-period spread predicts future consumption, and that there are no spillovers 
of the signal to other short-term spreads. To investigate this issue, we repeat 
the same analysis allowing agents to receive the signal 4 periods in advance. 
We find that in this case, only the 4-period spread is positively correlated 

with consumption growth. The 2-period spread, for example, does not react 
to the signal when it is revealed. This is because today, the 2-period spread is 

not influenced by what will happen in four periods. However, since consump- 

tion increases in anticipation of the shock, Corr(spread 2, C2) is negative (or tt 
close to zero). Hence, extending the agents' information set further does not 

improve the results. The signal only has a positive influence on that spread 

whose maturity is equal to the lead time of the signal. Clearly, assurning that 

agents have perfect information about the next two periods, and no informa- 

tion beyond this time is not a realistic assumption. Rather, we would like to 

model advance knowledge in such a way that agents receive signals about fu- 

ture shocks, whose precision decreases the further away the future period lies 

and eventually goes to zero. It is not clear, however, how to obtain numerical 

solutions in this case. To conclude, this simple approach showed that advance 

knowledge may help to explain the LIPTS, and suggests the need for further 

Lesearch to find more refined ways to model advance knowledge. To indicate 

some possible directions for further research, the next section briefly reports 

alternative signals' specifications which we investigated. 
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8.2 Some alternative signals' specifications 
First, we introduce "imperfection" in the signal, and consider two different 

scenarios. In the first scenario, the signal is always less than perfect. The wa 'V 
we model this, is by assuming that the productivity shock Ot in (7-3) can be 
separated into two components: 

ot == ol + 02 
tt 

where 

In(Ol) p In(Ol 1) + ut ut -. 4 N (0,0.2 ) and i. i. d. t t- u 

and 

o2 2 N(0, UO2) and i. i. d. 

01 is revealed two periods in advance, but 02 is not. Therefore, agents only tt 
know part of the future productivity shock, or in other words, they receive a 

less than perfect signal about the future productivity shock. 3 

In the second scenario agents receive a signal two periods in advance, and 

with probability p this signal is perfect, and with probability I-p it is noisy. ' 

This can be represented as follows. The true productivity shock is: 

In(0t) =p In(Ot-1) + ut ut -- N(O, uu) and i. i. d. 

With probability p agents receive0t+2 as a signal, and with probability I-p 

'An alternative definition would be to assume that the true productivity shock is Ot' t --L- 2 

and that agents observe0t+2as a noisy signal toot+2without being able to separate between 

01 02 t+2 and t+2- 
4 This type of signal is used by Beaudry and Portier (1998). 
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they receive 0, 
+2, where 

In (0', ) =p In (ot- 1) + vt vt - N(O, o-u) and i. i. d. 

In both of these scenarios we find that advance knowledge, even though imper- 
fect, does improve the predictive power of the 2-Period spread. However, once 

again, advance knowledge only benefits the 2-period spread and does not have 

any positive impact on the predictive ability of other short-term spreads. This 

allows us to conclude, firstly that signals do not have to be perfect to improve 
the predictive ability of the 2-period spread compared to the standard case. 
Yet secondly, as mentioned above, it is likely that to have an impact on other 

spreads, signals should be received longer ahead and their precision should 

decline the further away the future period lies. 

Lastly, we consider another economy where we discrinUnate between two 

types of agents: real investors versus financial markets participants. We as- 

sume that real investors have no advance knowledge, while financial mar- 

kets participants have perfect foresight. Hence, consumption and investment 

choices are made based on the standard production model, i. e. equations (4.4), 

(7.1), (7.2) and (7.3). On the other hand, financial markets participants know 

the realised future consumption path, and buy and sell bonds based on the 

"perfect foresight bond price": 

ok 
Ct+k 

Ct 

This approach is consistent with the view that financial markets partici- 

pants may have better information than other agents (see for example Smets 

(1997)). The assumption that financial markets participants have perfect fore- 

sight, while other agents have no advance knowledge at all is certainly extreme., 

however, it allows us to investigate in a simple way whether this type of "infor- 
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mation discrimination" helps to strengthen the LIPTS. Tables C-6 and C-11 

report the results. The results for the LIPTS are significantly better than 

in the standard production economy without advance knowledge. Compared 

to the case with advance knowledge, the results are similar for the 2-period 

spread and are better for the other spreads, i. e. the correlations of spreads 

with consumption growth rates are more positive and more significant. The 

correlations of spreads with output growth rates drop, but are still above their 

empirical counterparts (see appendix B). This suggests that the presence of 

a type of "better informed agent" may help to explain the empirical LIPTS. 

To conclude, it would certainly be interesting in further research, to study 

the impact on the LIPTS of combining information discrimination with more 

refined signals (of the type mentioned in the previous section). 
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Chapter 9 

Concluding remarks 

The aim of this study was to provide a theoretical underpinning for the em- 
pirically supported predictive power of the term spread (LIPTS). Dynamic 

equilibrium asset pricing (DEAP) models appeared as natural candidates to 

study the joint behaviour of real macroeconomic variables (consumption and 

output) and asset prices. We investigated two models, a stochastic endowment 

economy (the consumption-CAPM) and a production economy, each under two 

different assumptions about the information available to agents. 
One of the main contributions of this study is to show that a simple pro- 

duction economy is able to explain the LIPTS. This positive result allows 

us to better understand what may be driving the LIPTS in reality. Indeed, 

two mechanisms appear to be central: firstly, agents must be able to sub- 

stitute consumption intertemporally in reaction to productivity changes; and 

secondly, the spread must be interpreted as a relative measure of the health 

of the economy (its predictive power only arises by measuring expectations 

about the future health of the economy against its current health). Lastly, we 

highlight a third element which may be important in explaining the empirical 

LIPTS: advance knowledge. In the production economy, we find that the pre- 

dictive power of the spread is enhanced when introducing signals about future 
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productivity shocks. 

However, not all DEAP models explain the LIPTS. The first part of this 

study shows that, perhaps counter-intuitively and against what has sometimes 

been claimed, an endowment economy (CCARNI) is unable to reproduce the 

LIPTS. This result holds even when agents have perfect foresight over all 

future shocks. Hence, even when interest rates are determined based on the 

realised future consumption path, term spreads are unable to predict future 

consumption growth. 

To conclude, two observations arise from this study. Firstly, DEAP models 

may be able to provide a satisfactory theoretical underpinning for the LIPTS, 

but this is not true of all DEAP models. Rather, this result relies crucially on 

the ability of agents to substitute their consumption freely over time. In other 

words, asset prices must be allowed to reflect deliberate consumption choices 

of the agents. Secondly, advance knowledge may play an important role in 

explaining the predictive power of the spread, and further research is needed 

to find more refined ways to model it. 
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Chapter 11 

Introduction 

With the introduction of the single Euxopean currency, the EURO, member 
states lost the exchange rate as a means to adjust to economic disturbances. 
Several studies, especially those that compared Europe with the United States, 

revealed that Europe does not seem to fulfil the criteria for an optimum cur- 

rency area, as developed by Mundell in 1961. Wages are rigid, labour mobility 
is low and fiscal transfers are insignificant, implying that "Euroland" may find 

it hard in the future to adjust to shocks if they affect member states asymmet- 

rically. Consequently, it is important to investigate how differently member 

states adjust to economic disturbances. For example, do the same variables 

react by the same amount to a given shock? Do shocks last for a similar length 

of time? The more uniform these dynamics are across countries, the easier it 

will be to manage Euroland with a single cuxrency. 

This study wishes to concentrate on a neglected area of the Maastricht 

Treaty namely, labour markets. It analyses how labour markets react to struc- 

tural shocks and how these responses differ across European countries. More 

precisely, it studies the impact of a wage, employment and unemployment 

shock on the Italian, French and German labour markets. These three coun- 

tries are chosen for two reasons. Firstly, because they are central members 
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of the single currency and secondly, because when looking at the evolution of 
their unemployment rates (figures H. 1, HA and H. 7), their labour markets' 
dynamics seem to differ significantly from each other. It is therefore surpris- 
ing to find that these three labour markets do in fact behave very similarly in 
response to economic disturbances. This clearly is an encouraging finding in 
view of the single currency. Another positive result is that, as opposed to what 
the high European unemployment persistence seems to imply, unemployment 
does not appear to be doomed to remain high after an adverse shock. In all 
three countries, unemployment reverts to its original level on the latest ten 

years after the original shock. 
To be able to obtain these results, this study designs a new empirical 

framework. The most commonly used methodology to study macroeconomic 
dynamics, or the impact of shocks on a macroeconomic system, are Vector Au- 

toRegressive models (VARs). However, even if these models have been widely 

applied, many of these applications are unsatisfactory. Many, for instance, 

fall to give a proper economic structure (theoretical foundation) to the VAR, 

others use arbitrary restrictions to identify shocks and lastly, most of them 

impose non-testable restrictions on the VAR. Any of this criticism disquali- 

fies VARs as a tool to derive structural inferences. In this study, we work 

with a conditional Vector Error Correction Mechanism model (VECM), where 

the cointegrating vectors are identified as long-run economic relationships and 

both the cointegrating vectors and the shocks are recovered using testable re- 

strictions. The focus of this study is to develop a framework that allows foi- 

a structural interpretation of the results and, at the same time, ensures that 

any imposed restriction is fully supported by the data. 

Apart from studying the impact of shocks on labour markets, this study 

also tries to answer a methodological question, namely how the chosen VAR 

identification technique influences the obtained responses. For this purpose, 
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we repeat the same analysis using different identification methods commonly 
found in the VAR literature (Choleski decomposition, Blanchard and Quah 
(1989), generalised impulse responses, etc) and compare the results. We find 

that the adopted technique has a major impact on the responses, implying that 
these may in fact often be driven by the imposed (and not tested) restrictions 

rather than by true properties of the data. 

The remainder of this study is organised as follows. The next chapter 

proposes an extensive "critical review" of VAR models and their identifica- 

tion procedures, as well as of VECMs and the identification of cointegrating 

vectors. Chapter 13 is the constituting part of this study, it sets up the em- 

pirical framework. The different building steps are, in this order: choosing a 

theoretical labour market model, deciding between a stationary or a cointe- 

grated VAR, separating endogenous from exogenous variables, identifying the 

cointegrating vectors and lastly recovering the structural shocks. Chapter 14 

contains the results. Each country is reported in a different section, where we 

present the outcome of the various tests implied by the framework, interpret 

the impulse responses and compare identification methods. The last section 

of this chapter summarises the empirical and methodological results. Lastly, 

chapter 15 concludes this study. 
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Chapter 12 

Methodology: A critical review 

A broad strand of literature has flourished recently, one which tries to identify 

macroeconomic shocks and analyse their impact on macroecononuc systems. 
The common denominator to this literature is the underlying methodology: 
Vector Autoregressive Models (VAR). VARs have found a wide resonance since 
Sims' cnhque of the "incredible identification restrictions" inherent in struc- 

tural models. ' VARs axe multivariate simultaneous equation systems, where 

each series under study is regressed on a finite number of lags of all series 

jointly considered. Using a VAR, it is believed, avoids the difficulty of hav- 

ing to separate between endogenous and exogenous vaxiables and of having 

to make the inclusion-exclusion restrictions necessary for a large structural 

model. Even if VARs come in different shapes and forms, their basic trait is 

to look only at statistical properties of the series considered, without imposing 

further restrictions on them. As it is common to rewrite an AR process as 

a MA process, it is also possible to reformulate a VAR in terms of its error 

terms. The resulting system is then called a Vector Moving Average model 

(VMA) and allows us to study the impact of shocks on the variables. 

Sims suggested that by using VARs one could avoid imposing implausible 

1 see Sims (1980). 
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restrictions. However, as will be seen later 11 in this chapter.. in order to recover 
structural shocks from the estimated VAR, identifying restrictions have to 
be imposed on the system. This identification problem lies at the heart of 
many controversies in the VAR literature. This chapter proposes a critical 
review of the VAR methodology. The first section introduces VAR models. 
Section 12.2 explains the issue of identifying structural shocks- , it presents 
three different identification techniques, gives an example for each of these 
techniques and lastly critically assesses them. Section 12.3 contains some 
further comments about the VAR methodology in general. The last section 

introduces cointegrated VARs and deals with the identification of cointegrating 

vectors. 

12.1 VAR models 

Consider a simple bivariate model in the form: 

yt = blo - 
bl2Zt + 7ilYt-1 + 'Yl2Zt-I + 6Yt 

zt = b20- b2lYt + 721Yt-1 + 722Zt-I + 6zt 

(12.1) 

(12.2) 

where (1) yt and zt are assumed to be covarlance stationary, (2) Eyt and 

E, t are white-noise disturbances with standard deviations of O-y and o-, respec- 

tively, and (3) 1 Eyt I and f E, t I are uncorrelated. yt and zt are regressed on their 

own first lag and the contemporaneous value and first lag of the other variable. 

Equations (12.1) and (12.2) constitute therefore a bivariate first-order (since 

the longest lag is unity) VAR. Yet, these two equations are not reduced form 

equations, since zt has a contemporaneous effect on yt and yt has a contem- 

poraneous effect on zt. It is however possible to transform this system into a 
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more usable form. Using matrix algebra it can be written in a more compact 
form: 

b12 Yt blo 
+ 

711 12 Yt-l Eyt 

N, I Zt b20 721 722 Zt-i Ezt 

i. e.: 

Bxt = IFO + Flxt-, + Et 

where 

(12.3) 

B=1 
b12 

1 Xt = 
Yt 

1 
ro = 

bio 
9 F, = 

7Y11 7Y12 
7 Et = 

Eyt 

b21 1 Zt b20 721 'Y22 Czt 

Pre-multiplication by B` then allows us to obtain the so-called standard form 

(or reduced form) of the system described by equations (12.1) and (12.2): 

xt = Ao + Aixt-, + et (12.4) 

where 

Ao = B-To, A, = B-lrl, et = B-lct 

Using the same notation as in (12.1) and (12.2) 
, equation (12.4) can be rewrit- 

ten as: 

yt = alo + allyt-, + al2Zt-1 + 61t 

zt = a20 + a2lYt-1 + a22Zt-1 + 6-2t 

(12.5) 

(12-6) 
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The system is now in a form that can be estimated by OLS. In fact. as 
(12.5) and (12.6) contain only predetermined variables on their right hand-side. 

this system can be consistently estimated using OLS. Estimating with SUR 

(seemingly unrelated regressions) would not yield more efficient parameters 

since both equations contain the same independent variables. 2 

Equations (12.1) and (12.2) constitute the structural VAR or prinutive 

system, and equations (12.5) and (12.6) represents the VAR in standard 

form or reduced form. 3 

To refer to our problem, our main purpose is to identify structural shocks 

such as Eyt and E, t. Note that elt and e2t are composites of these structural 

shocks and are correlated. With et = B-16t, eit and e2t are given by: 

elt = (Elt - 
bl2Ezt)/(l- bl2b2l) 

e2t :: 7-- (Ezt - 
b2l6, 

yt)/(I- 
bl2b2l) 

Since Et and E, t are white-noise processes, it is easy to show that eit and 

e-2t will have zero means, constant variances and be individually serially uncor- 

related, but that they will however be correlated with each other. ' Our task 

is to recover the structural uncorrelated shocks (6,, t, E, t) from the estimated 

residuals (61t 
7 e-2t) - 

2 see Enders (1995), p. 301. 
3When mentioning "VAR" only, authors generally refer to the reduced form. 

4 see Enders (1995), p. 296 for more details. 
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12.2 Identification 

By estimating equations (12.5) and (12.6) not all parameters of equations 
(12.1) and (12.2) can be recovered. Estimation results yield the two param- 
eter matrices AO and A, and the variance-covariance matrix of the residuals 
(et), so nine parameters in total. Yet, the VAR in structural form contains 
ten free parameters: two in matrix B, two in ro, four in r, and the two stan- 
dard deviations oy and a,. The system is therefore under- identified, and at 
least one parameter must be restricted in order to identify the full system. 
For ease of exposition this problem was illustrated in a bivariate case. If the 
VAR contains n variables, then it is possible to show that in order to recover 
the structural model from an estimated VAR, at least (n 2 n)12 restrictions 

5 have to be Zmposed on the structural model for an exactly Zdentified system. 
Identification is the most problematic step in VAR modelling. Arbitrary re- 

strictions can invalidate the model and go against Sims's spirit and the whole 
VAR methodology. Various authors have proposed different identification pro- 

cedures, and we will review these later. The chosen identification method will 

allow us to recover the two structural shocks series f E, t I and f c, t I. Yet, in gen- 

eral we are not directly interested in the shocks themselves, but in how these 

affect variables in the system. For this reason, the identifying restrictions are 

generally imposed directly on the VMA (which shows how the variables react 

to the various disturbances) instead of the VAR. We therefore introduce the 

V-NIA form here and use matrix notation for convenience. 6 

Suppose we can represent a set of n economic variables using a column 

vector yt of stochastic processes, jointly covariance stationary without any de- 

terministic part and possessing a finite order (p) autoregressive representation: 

5 See Enders (1995), p. 321 and following for intermediary steps and examples. 
"We generalise our VAR to allow for p lags and n variables and use the conventional 

notation in this literature. See Amisano-Glannim (1997) for a concise overview of the 

existing identification procedures. 
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yt - Alyt-I + A2Yt-2 + 
--. + Apyt-P + et (12.7) 

Aj denotes an (n, x n, ) matrix of autoregressive coefficients for j= 17 2, ..., P. 
The (n x 1) vector et is a vector of normally distributed white noise processes: 

E(et) 

E(ete', ) = 
for t= -F 

0 otherwise 

with E an (n x n) symmetric positive definite matrix. Using lag operator 

notation, (12.7) can be written as: 

A(L)yt = et (12.9) 

A(L) = I, - AlL - 
A2L 2_... 

- 
ApLP 

The VAR is stationary if the roots of the equation det [A(L)] lie outside the 

unit circle in the complex domain. Using the Wold representation theorem, 

the process for yt can then be expressed as a VMA: 

yt = et + Clet-I + C2et-2 + C3et-3 + 
--- =- C(L)et 

The operators A(L) and C(L) are related by 

C(L) = 

implying 

(12.10) 
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C(L)A(L) = In 

Equation (12.10) is the VMA representation of a VAR of order p. We know 

that et are composites of Et (see equation (12.4)), so that once identified, we 
can replace the residuals in equation (12.10) by the true structural shocks. 
The coefficients C(L) will then trace out the impact of the structural shocks 

on the variables included in the VAR. A plot of the row i, column J element 

of C(L) as a function of time is called the impulse-response function. It 

describes the response of yi, t+,, to a one-time impulse in yjt with all other 

variables dated t or earlier held constant. 

Even if the various identification procedures differ conceptually, they al- 

most all rely on the assumption that structural shocks need to be orthogonal. ' 

Hence, before introducing these procedures, we briefly show that it is always 

possible to express a stationary VAR(p) process as a convergent infinite MA 

with uncorrelated (orthogonal) white noise residuals. 

for any real symmetric positive definite matrix E (here E is the variance- 

covariance matrix of the residuals of the estimated VAR, see (12.8)), there 

exists a unique lower triangular matrix E with ones along the principal diag- 

onal and a unique diagonal matrix D with positive entries along the principal 

diagonal such that: 

EDE (12.11) 

This is known as the triangular factorisation of E. Using E, an (n x 1) 

vector Et can be constructed: 

'The generalised impulse response approach, which is presented in the next chapter, is 

an exception. 
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Et =-= E-let 

where Et is serially uncorrelated and its elements are uncorrelated with each 
other. ' Thus, using any matrix that diagonalises E, we can generate a white- 
noise vector whose elements are mutually uncorrelated. This may seem a 

long-winded way in which to come to the central problem of identification, yet 

our experience is that the literature is generally very brief and does not always 
do justice to clarity. Hence, by working out the steps from the VAR to the 
VMA form more fully, together with the orthogonalisation of the residuals, we 
hoped to clarify this crucial stage of identification. Three possible methods of 
identification are exposed below. 9 

12.2.1 K-model 

Let us now transform equation (12-9) in the following way: 

is an (n x n) invertible matrix such that 

K A(L)yt = Ket (12.12) 

Ket = ct 

E(ct) E(ctc') t 

K pre-multiplies the estimated VAR, and is constructed such that multi- 

ýE(EtE') =D verifles that the elements of et are mutually uncorrelated. Remember that 
t 

E(ete't) = E. The elements of D gives the variances of Et. See Hamilton (1994) p. 

87-93, p. 260-261 and p. 318-323. 
'We use the classification of Amisani-Giannini (1997). 
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plying the residuals et by K yields the orthogonal structural shocks Et. Since 
K "transforms" the correlated reduced-form resi into an orthooonal vec- i duals 10 

tor, it should be clear that K in fact captures the correlations among the 

endogenous variables yt. Remember equations (12.3) and (12.4); the reduced 
form was obtained from the primitive form by dividing the system by B. In 

equation (12-12) when multiplying the reduced form by K, we are in fact trly- 
ing to recover the structural VAR. It is easy to see that only if K=B (B is 

unknown), will we be able to identify the true structural model. Note that the 

structu-ral shocks are assumed to be orthogonal and to have a variance of 1. 

i. e. their variance-covariance matrix is equal to the identity matrix. This is a 

common simplification assumed by most authors. 'O 

From Ket = Et we get: 

Kete'K' = EtiE' tt 

using (12.8) and (12.13) and taking expectations we obtain: 

KEK /= In (12.14) 

When estimating the VAR in standard form as formulated in (12-12), we 
T 

(ete')). Equation (12-14) obtain estimates of A(L), et and E (E = (I/T) Y t 

then imposes (n 2+ n)/2 restrictions on the K matrix, leaving (as mentioned 

earlier in this section) (n 2_ n)/2 free parameters in K. At this stage, the 

researcher is left with the delicate task of imposing these restrictions on K. 

These will be based either on economic theory, or on the statistical properties 

of the data. The main application of the K-model is the Choleski decom- 

position. 

losee f. ex. Blanchard/Quah (1989), 
Dolado/Jimeno (1997). 

GiannirU/Lanzarotti/SeghehrU (1995), 
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Application: Choleski decomposition 

The Choleski decomposition was suggested by Sims (1980). Its great advantage 
is its computational simplicity. " It is a lower triangular factorisation of E. ?D 
and the basic idea relies on an ordering of the variables: the last variable in 
the VAR (y, ) has a contemporaneous effect on all other variables (Y1, Y2 ...... 
Yn-1), the second last variable (Yn-1) has a contemporaneous effect only on 

Y1 , 112) .... ) Yn-2) the third last variable only on yl,.... Yn-3 and so on. This 

implies that 6nt directly affects elt, 62t 6-, t, but that En-l, t only affects eit, 

e2t , ... 7 en-1, t, and En-2, t only eit, e-2t) ... I en-2, t and so forth. In other words, Yn 

is exogenous to the other y. (y, 
7 ... 1 Yn-1); Yn-1 is exogenous, to all remaining 

Ys (Yi 
I ... I Yn-2), etc. Generally speaking, Choleski does in fact attribute all of 

the effect of any common co-movement to the variable that comes first in the 

VAR. As an example, in equations (12.1) and (12.2) using Choleski to identify 

the structural shocks, we would assume that yt has no contemporaneous effect 

on zt and impose b2l -:::: 0- 

Remember that we demonstrated above the triangular factorisation of a 

symmetric positive matrix (equation (12.11)) with a lower triangular matrix 

E and a diagonal matrix D. The Choleski decomposition is closely related 

to this factorisation. Define D'/' to be the (n x n) diagonal matrix, whose 

diagonal entries are the square roots of the corresponding elements of the 

matrix D in the triangular factorisation. Since the matrix D is unique and 

has strictly positive diagonal entries, the matrix D'/' exists and is unique. 12 

The triangular factorisation can be written as: 

E=ED 1/2 D 1/2 E'= ED 1/2 (ED 1/2)/ 

1 'Most software packages offer a Choleski decomposition directly after a VAR estimation. 
12See Hamilton (1994) p. 87-92. 
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or 

E = pp, (12. 15) 

where P= ED 1/2 
- (12.15) is known as the Choleski factorisation of E. D 

is a diagonal matrix whose ( ', ') element gives the variance of Ejt, " thus D 1/2 tD J30 

contains the standard deviation of Et on its diagonal. 
Clearly, the Choleski decomposition can be thought of as a 11., ý,. '-Itype model 0 

where K= P-'. Since by construction K has to be lower triangular in the 
Choleski decomposition, this imposes (n 2- n)/2 restrictions on K. Together 

with the (n 2+ n)/2 restrictions from (12.14) the system is exactly identified. 

Criticisms of Choleski decomposition 

This subsection is called criticisms of Choleski decomposition rather than crit- 

icisms of K-models, since Choleski is the principal application of K-models. As 

mentioned at the beginning, Choleski has the merit of being computationally 

easy. It allows to identify VARs in a very straightforward way, and to recover 

structural shocks almost effortlessly. However, this method has two serious 

shortcomings: 

e It does not involve any economic reasoning. The restrictions are "alge- 

braic" restrictions implied by the lower triangular factorisation of E. 

o Reversing the order of the variables can alter the results dramatically. 

The first criticism is controversial due to its nature. It is often hard to 

impose sensible economic restrictions, so a way to circumvent this problem is 

not necessarily bad in itself. However, recall that our purpose in this type 

of analysis is to recover interpretable structural shocks. It seems hard to 

13 
see footnote 8. 
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believe that simply by imposing a lower triangular factorisation of the variance- 
covariance matrix of the residuals, this will give back the structural shocks of 
our primitive form. It will produce uncorrelated, i. e. orthogonal shocks.. but 
these will not have any structural meaning. Orthogonality is (or may be) a 
necessary condition for structural shocks, but is not a sufficient one. 

The second point is the most critical. We said that Choleski does in fact 

attribute all of the effect of any common co-movement to the variable that 

comes first in the VAR. Hence, it should be clear that reversing the order of 
the variables will generate a different vector Et. Yet, it is a-priori often diffi- 

cult to ascertain which variables should have a contemporaneous effect on other 

variables, and which variables should only affect the system with a lag. The 

ordering of the variables may therefore be chosen arbitrarily, with far-reaching 

consequences for the structural shocks and impulse response functions. More- 

over, it is crucial to note that the importance of the ordering depends on the 

magnitude of the correlations between the residual shocks et. If these are un- 

correlated with each other, then et =- Et and the ordering does not matter. 

On the other hand, imacrine a bivariate VAR where elt and 62t are perfectly 

correlated: there is a single shock in the system affecting both variables. A 

specific ordering of the variables implies that this single shock comes from one 

of the variables (elt = e2t = eit), and the reverse ordering implies that this 

single shock comes from the other variable in the system (eit :: -- e-2t = 62t). We 

are therefore most likely to get substantial differences in the resulting series. 

Consequently, it is hard to confer any structural meaning to shocks recovered 

using Choleski as the ordering of the variables is often chosen arbitrarily and 

that altering this order may greatly change the results. 

For these reasons, authors tried to find other ways to identify structural 

VAR, s, relying more on economic theory to impose meaningful restrictions. 

The models presented hereafter follow this more structural approach. 
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12-2.2 C-model 

Let us again transform equation (12.9). C is an (n x n) invertible matrix such 
that: 

A(L)yt = et 

et = Cet or Et = C-'et 

E(ct) =0 E(ctc) = 1, (12.16) t 

As opposed to the K-model, this model does not imply any instantaneous rela- 

tionships between the endogenous variables. The C matrix (i. e. C-1) imposes 

a structure on the reduced form residuals (e, ), so as to recover uncorrelated 

structural shocks (, Et). In other words, et is considered a linear combination of 

orthonormal shocks. Analogous to the K-model, note that: 

et = CEt 

so that 

ete I= CEtE'C' 
tt 

using (12.8) and (12.16) and taking expectations we obtain: 

F, = cc, (12.17) 

As for the K-model, equation (12.17) imposes (n 2+ n) /2 restrictions on the 

C matrix7 leaving (n 2_ n)/2 parameters free. These (n 2_ n)/2 restrictions are 
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then chosen using economic theory. The idea is to try to impose a structure 
on the standard form residuals, so that the resulting orthogonal shocks will 

represent what are believed to be the true structural shocks. The following 

application illustrates this method. 

Application: Blanchard and Quah (1989) decomposition 

The main (or most well-known) application of the C-type model is the Blan- 

chard and Quah (1989) decomposition. By imposing economic restrictions to 

recover the structural shocks, they try to avoid the shortcornings of Choleski 

and to obtain interpretable economic disturbances. Their approach is based 

on differentiating transitory from permanent disturbances, and then imposing 

restrictions on the long-term impact of shocks on economic variables. Note 

however, that the restrictions are imposed but not tested. We come back to 

this point later. 

In their paper, Blanchard and Quah study a bivariate VAR of the real 

GDP growth rate (Ayt) and the unemployment rate (ut): 

Ayt 
Yt 

Ut 

with E( let) 0 and 

A(L)ct 

E(ctc't) = I, 

(12.18) 

As both variables in the VAR are stationary, the corresponding VMA form 

exists and is given as: 

yt -C (L) et 

with E(ete') - t 

(12.19) 
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From (12.18) and (12.19), we note that ct and et are related as follows: " 

et == A(O)Et (12.20) 

Note that (12.18) and (12.20) define a C-model with C= A(O). A(O)A(O) == E 

imposes 3 restrictions on A(O) (see equation (12.17)), leaving I parameter to 

be restricted. Blanchard and Quah propose the following constraint: they 

assume two types of shocks; none of these shocks is allowed to have (-. long- 

term impact on unemployment, and the first shock has a permanent effect on 

output, while the second does not. They believe that given these restrictions a 

simple economic interpretation can be given to these two shocks. Disturbances 

that exert only a temporary effect on output can be interpreted as demand- 

side disturbances, while disturbances that have a permanent impact on output 

can be seen as supply-side disturbances. 

We know that: 

A(L) =: C(L)A(O) cil (L) C12(L) all a12 

C21 (L) C22 (L) a21 a22 

The assumption that demand-side disturbances only exert a temporary effect 

on Ayt implies the following long-run constraint: 

cli(I)all+ C12(l) a2l = 

This restriction, together with the 3 restrictions imposed by A(O)A(O) 

exactly identify the system. 

This is an example of a C-model, where the authors are able to identify 

"We know that et == yt - Et-lyt (1), and yt = A(O)Et + A(I)Et-, + A(2)Q-2 + 
--- (2). 

Plugging (2) into (1) we get: et = A(O)Et+A(I)ct-, +A(2)Et-2+. ---(A(I)Et-, 
+A(2)Et-2+ 

... 
), so that et = A(O)Et. 
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structural shocks by imposing a meaningful economic restriction. 

Criticisms of Blanchard and Quah decomposition 

The main advantage of this approach is that it allows us to impose meaningful 
restrictions on the parameters, instead of using the arbitrary lower triangular 
Choleski. factorisation of the covariance matrix. Two major economic distur- 
bances can be identified and their impact on the system analysed. Nloreover. 
the imposed restriction has the great advantage of only being --qualitati-ý-e-' and 
not involving any calibration exercise (we only have to separate transitory from 

permanent shocks, and do not have to assign fixed values to coefficients). " Fi- 

nally, long-term restrictions tend to be less controversial than constraints on 
the short-term behaviour of economic variables, as -most economic theories 

at best have testable implications that apply only to the long-run [ 
... 

] of the 

economy". " Economists feel more comfortable that in the long-run economic 
theory will hold, and therefore believe that long-term restrictions constrain 

the data to a lesser extent. However, several setbacks can be imputed to this 

approach: 

& This model only allows for two types of shocks: demand versus supply 

shocks. Blanchard and Quah note themselves in their original paper: 
"Certainly if there are many supply disturbances, some with permanent 

and others with transitory effects on output, together with many demand 

disturbances, some with permanent and others with transitory effects, 

and if they all play an equally important role in aggregate fluctuations, 

our decomposition is likely to be meaningless"-" It is presumably true 

that economic shocks can ultimately always be classified as supply or 

15We will see later in the application of sub-section 12.2.3, that to identify its VAR the 

author has to assign a given value to certain coefficients. 
16 Pesaran/Shin (1996), p. 118. 
17 Blanchard and Quah(1989), p. 659. 
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demand shocks. However. if this distinction is a useful classification 
criterion, when analysing economic fluctuations it is probabl-,, I sensible 
to allow for different types of supply and/or demand disturbances. 

The restriction that demand shocks do not have a permanent effect on 
output while supply disturbances do, is economically perfectly reason- 
able. However, note that their VAR only contains GDP and unemploy- 
ment. Therefore, it is implicitly assumed that demand and supply shOCks 
can be properly identified using these two variables only. This is rather 
unlikely. 

This identification can easily be extended to a VAR with 3 variables, 18 

yet it is difficult to find meaningful long-term constraints for a bigger 

number of shocks and variables. Remember that (n 2_ n)/2 restric- 

tions need to be imposed, so that this decomposition into permanent 

and temporary shocks soon becomes arbitrary when working with more 

variables. 

It is also worth mentioning that in economics "the long-term" is not as 

well defined a concept as it may seem. We have for instance no exact 

representation of how long the unemployment rate takes to adjust to a 

supply or demand shock. Remember that Blanchard and Quah assume 

that both shocks only have a temporary effect on unemployment. The 

high and persistent unemployment levels experienced by most of the 

European countries undoubtedly challenge this type of assumption. 

We may also question the view that long-term constraints are less restric- 

tive to the data. Consider a (long enough) sample where the purchase 

"For a BQ decomposition with three shocks see for example: Gamber and Joutz (1993) 

for an application to US data and Dolado and Lopez-Salido (1996) for an application to 
Spanish data. 
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power parity relationship (PPP) does not hold. Even if it is believed 

that in the long-term the PPP should hold, imposing this condition in a 

sample where it is clearly rejected seems somewhat arbitrarv and could 

constrain the data a lot. As will be seen in our empirical part. imposino, 
(and not testing) restrictions of the Blanchard and Quah type for the 

labour market sometimes produces very different results from the ones 

obtained with other identification procedures. 

* Lastly, there is no way to test these restrictions. They are chosen based 

on their economic meaning, but their actual accuracy cannot be tested 

in reality. 

12-2.3 AB-model 

This last type of model can be seen as a combination of the K and C mod- 

els. It allows us to impose restrictions both on the simultaneous relationships 

among the endogenous variables, and on the variance-covariance matrix of the 

structural residuals. 

A and B are (P. x n) invertible matrices such that: 

AA(L)yt = Aet 

Aet = BEt 

E(Et) E(ctE)= In 
t 

(12.21) 

(12.22) 

(12.23) 

As for the K-model, the A matrix pre-miiltiplies the VAR and captures the 

instantaneous links between the endogenous variables. It also pre-mult, Plles 

the residuals and generates a new vector of residuals (Aet). This new vector 
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is then expressed as a linear combination (B) of orthogonal disturbances (ct). 
as in the C-model. 

Identically to the two previous models, with Aet = Bet we can ýýTite: 

Aete'A'= Bctc'B' tt 

Using (12.23) and (12-8) and taking expectations gives: ýD bb 

AEA/ = BB' (12.24) 

Equation (12-24) imposes (n2 + n)/2 restrictions on A and B, leaving (n 2_ 

n)/2 free parameters. The application below illustrates how to impose these 

identifying restrictions. 

Application: Blanchard (1989) 

In his paper, Blanchard sets up the exact same framework as the one presented 

above (equations (12.21), (12-22) and (12.23)), so that it is not reproduced 
here. He works with five variables (in this order in the VAR: output, unem- 

ployment, prices, wages and nominal money) and five structural disturbances 

(in this order: autonomous shocks to aggregate demand., shocks to labour sup- 

ply and technology (called for short supply shocks), shocks to price and wage 

setting, and shocks to nominal money). He then assumes that the economy 

can be described by five equations, which he expresses in the following way: 

ip An aggregate demand equation: yt = blielt + bl2e-2t 

9 An Okun's law equation: ut = -a2lYt + b22e2t 

eA price setting equation: pt = -a3lYt - a34Wt + b32e'-)t + b336-3t 

ip A Phillips curve: wt = -a42Ut- a43Pt + b42e-2t+ b44 64t 
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* monetary rule equation: Tnt - -a5lYt - a52Ut - a53Pt - a54Wt ' b3,5 e5t 

These five equations imply the following structure for matrices A and B: 

1 0 0 0 0 

a2l 1 0 0 0 

a3l 0 1 a34 0 

0 a42 a43 1 0 

a51 a52 a53 a54 I 

I 

bil b12 0 0 0 

0 b22 0 0 0 

0 b32 b33 0 0 

0 b42 0 b44 0 

0 0 0 0 b55 

The above restrictions leave 17 parameters free in matrices A and B. The 

residual variance-covariance matrix (E) contains 15 distinct elements, so that 

two additional restrictions need to be imposed. Blanchard simply assigns fixed 

numerical values to a34 and b12, so that the system is exactly identified. " He 

chooses a34because "the Keynesian model suggests a narrow range of values for 

20 a34 . 
He then identifies the model for different values of b12 and compares the 

results. With these restrictions Blanchard is able to recover its five structural 

shocks and to give them an economic interpretation. 

Criticism of Blanchard (1989) 

From our point of view, the AB-model is the only model that can truly be 

described as a structural VAR. It allows us to impose restrictions both on 

the variables and the residuals, and the VAR can be identified by isolating 

meaningful economic reiationships among the variables. 'it is more general 

than the two previous models. Moreover, by definIng relationships among 

variables, it typically allows us to work with a greater number of variables. 

"Giannim, Lanzarotti and Seghelim (1995) adopt the same technique, but choose to 

impose two further restrictions so as to constrain a34 and b12 instead of assigning them 

fixed values. 
2'Blanchard (1989), p. 1149. 
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This is a considerable advantage since the economy can be better described 

by including more variables in the VAR. Lastly, t-statistics can be computed 
for the estimated coefficients, allowing us to test for their s1co), mficance- At the 
beginning of this study, we said that our purpose was to identify a structural 

model of the labour market and to recover structural shocks so as to be able 
to study their impact on the labour market. If we decided to work with a 

stationary VAR, then we believe that, from the three models presented above, 

the AB-model would be the most adequate to our aim, as it effectively allows 

us to impose a true structure on the variables. However, as will be seen in 

chapter 13, we in fact opt for a cointegrated VAR. 

Nevertheless, this model still suffers similar problems to the previous mod- 

els: 

Imposing restrictions is always a delicate process and is subject to contro- 

versies. How sensible one finds the constraints depends on one7s economic 

beliefs. For instance, advocates of hysteresis theories in unemployment 

would not want to define a Phillips curve of the type used by Blan- 

chard. They believe that we cannot identify an equilibrium natural rate 

of unemployment, but that the natural rate follows the actual rate of 

unemployment. It will therefore usually be hard to achieve unanimity in 

a structural modelling exercise. The secret lies in being able to identify 

a model that makes economic sense, without constraining the data too 

much. 

4o Blanchard imposes only short-term restrictions on the effects of the in- 

novations on the x variables, but it could be a better approach to try to 

impose both short and long-term constraints; i. e. he only defines simulta- 

neous relationships between the endogenous variables, but he could also 

have imposed long-term restrictions A la Blanchard and Quah (1989). 

Moreover, short-term restrictions have been subject to many criticisms. 
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it is common in this literature to assume that one cannot know the short- 
term behaviour of economic variables, and should therefore concentrate 
on the long-term. 

Lastly, however meaningful these restrictions look like. they are still 
being imposed on the data and are not tested for their validity. We can 

compute t-statistics for the estimated A and B coefficients, but we do 

not obtain any statistics on the equations themselves or on the system 

of equations (which would be even more adequate) - We cannot therefore 

test for the foundation of the structure imposed on the data. 

Before introducing cointegrated VARs, we outline a few general comments 

which apply to all the models presented above. 

12.3 General comments 

Recall that when introducing VARs at the beginning of this chapter, we said 

that the variables in the VAR have to be jointly covariance stationary. We 

believe that this is an important weakness of these models, since most economic 

variables are not stationary. By differencing them (or removing their trend) to 

include them in the VAR, significant information about their behaviour may 

be lost. We know that even if some variables are 1(1) for example, it may 

be possible to find a linear combination of these variables which is stationary. 

In this case the variables are said to be cointegrated, or driven by a common 

stochastic trend. A cointegration relationship shows how variables relate in 

the long-term. If variables are cointegrated and we ignore this by taking their 

first differences, then we are not only losing important information about their 

long-term behaviour, but we are introducing bias in the results. 

The second point is that all identification procedures require structural 

shocks to be orthogonal, with a variance- covari ance matrix equal to the iden- 
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tity matrix. The fact that variances are assumed to be I is a normalisation 
procedure and is not problematic. However, the orthogonality assumption may 
be more problematic. It seems sensible to assume that structural shocks each 
arise from a unique and specific source, so that they should not be correlated 
with each other. Nevertheless, could we not imagine, for example, that shocks 
to labour supply and shocks to technology, even if they are distinct shocks, 
could in some way be related to each other? Or for instance shocks to wage 
setting and shocks to price setting; are we sure that these should be orthogo- 
nal to each other? Orthogonality is a desirable property of a structural model, 
since it allows us to attribute a unique source to each shock. However 

, it is 

not certain that this property truly holds in reality. To conclude, it is impor- 
tant to bear in mind that even if this orthogonality assumption is commonly 

accepted, we can and should question its presence in reality. 
Lastly, none of the restrictions imposed in these three types of procedures 

can actually be tested. This is a major setback. Even if they are economically 

meaningful, one can never be sure that imposed restrictions are valid in a 

particular sample without testing them. One could therefore end up imposing 

constraints which are not supported by the data, and the results of such an 

estimation should not be interpreted. 'Moreover, we do not think that sensible 

results are necessarily a guarantee that the restrictions are supported by the 

data. 

12.4 VAR modelling with cointegrated vari- 

ables 

So far the variables in the VAR were assumed to be stationary. Either because 

they were 1(0) variables, or because they were integrated of higher order but 

not cointegrated. However, if the variables are cointegrated, then estimating ýD 0 
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a VAR in the form of (12.9) is inappropriate since it does not take the com- 
tegration property into account. This results in biased, and in some cases. 
inconsistent results. Before presenting the error correction model (EC-M) and 
the issues related to its identification, we would like to warn the reader that 
the identification problem is again our primary interest. Therefore we do not 
provide here an extensive presentation of cointegration, and assume that the 

reader is familiar with this concept. We do not deal either with the issues of 
testing for the cointegrating rank and specifying the model (lag length and de- 

terministic part); not because we regard them as unimportant but for reasons 

of brevity. 21 

12-4.1 Cointegration 

The components of the vector y= (Ylt 
7 Y2t Ynt) are said to be cointegrated 

of order d, b and with rank r<n, if 

1. All comPonents of y are integrated of order d. 

2. There exists a full rank (n x r) )3 matrix such that zt = 3'yt is integrated 

of order (d - b), where b>0. 

In the case of 1(1) variables, these are said to be cointegrated if it is possible 

to find (a) linear relationship(s) among the variables which (is) are stationary. 
The cointegrating vector can then be interpreted as a long-term relationship 

between the variables. Econometricians also tend to view the cointegration 

relationship as an equilibrium. Since the residuals from the cointegration re- 

lationship are stationary by definition (have a time-invariant mean and vari- 

ance), it means that they cannot wander around indefinitely, or that they are 

mean reversing. Hence, by extension, we can say that the cointegration rela- 

tionship defines an equilibrium towards which the variables tend to converge. 

21 Most recent econometric textbooks provide complete overviews on cointegration and 
modelling of cointegrated variables, see for example Enders (1995) or Hamllton(1994). 
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12.4.2 Representation 

Following Amisano and Giannim (1997) we present here the main results for 

cointegrated 1(1) variables derived from the Granger representation theorem., 

as stated in Engle and Granger (1987). Imagine an n-dimensional k-th order 
VAR of the kind: 

A(L)yt =p+ et 

A(L) =: In-AIL-A2L 2_... 
- 

AkL k 

and suppose that the following conditions are fulfilled: 

1. JA(L)j has either roots, >, I in modulus. This condition ensures that the 

variables can be made stationary by differencing them. 

2. The matrix A(I) has rank equal to r<n. This means that it can be 

written as the product of two full rank (n x r) matrices ct and 0: 

A(1) = -c/3' 

This condition defines r cointegration relationships among the n varl- 

ables. By extension it means that the system has n-r unit roots. 

11- aL A (1), 3_L I :ý0, where ati cc - 8'1 3=0. This condition rules out the 

presence of variables with higher order of integration. 22 

Under these conditions the following results can be proved: 23 

"This formulation of the Granger representation theorem is only valid for I(l) variables. 
See Johansen (1995) for an extension to 1(2) variables. 

23 see for example Johansen (1995). 
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I. Ayt and zt - O'yt are stationary. 

2. There exists an error- correction model (ECIN/1) for the vector y of the 
form: 

r(L)Ayt =. A+ ot)3yt-, + et 

F(L) - In - FiL -lr2L 
2_ 

--- - ]Pk-IL k-1 
I 

ri = 

3 There exists a VMA representation: 

Ayt =C (L) (p + et) 

where C(l) =, 3j_(ci'LA(l), 3, )-'a', 
* 
24 

(12.25) 

Aj 

(12.26) 

Cointegration implies that there exists an equilibrium towards which the 

variables tend to converge. The system (12-25) illustrates this property of coin- 

tegrated variables. It is called a Vector Error Correction Mechanism model 
(VECM) because variables adjust (Correct) to deviations (Errors) in their 

long-run relationships. If 3'yt-, is not equal to zero then at least one of the 

long-term relationship is violated, and Ayt will adjust to the disequilibrium. 

(disequilibria) with speed ai. The matrix cc contains the adjustment param- 

eters, which show how quickly (by how much) variables of the system adjust 

to deviations in their long-run solutions. Agents try to force the variables 

2 back towards what Johansen calls, the "attractor set", 5 defined by the cointe- 

gration relationships (, Yyt_1). As in the case without cointegration, impulse 

2'This seemingly complicated expression comes from the condition that a'Loj_ has to have 
full rank, so that the autoregressive process can be written in a moving average form (and 

vice versa). 
25 Johansen (1995), p. 41. 
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response functions can be derived from the V'XIA form. 

12-4.3 Identification 

As will be seen below, cointegrating vectors are not unique (they can only be 
determined up to a scalar) and need to be identified. In this case again several b7 

techniques can be applied to identify the cointegrating vectors. This implies b 

that when dealing with cointegrated systems the issue of identification becomes 

even more cumbersome, since we are now in fact facing two identification 
problems. First the cointegrating vectors and then the structural disturbances 

need to be identified. Once the cointegrating relationships have been identified, 
the second problem is exactly identical to the one analysed in section 12-2. 
Hence, the reader is referred to this section for a complete overview of the 

possible identification techniques. This subsection deals with the problem of 

identifying cointegrating vectors. 
The ECM representation is affected by lack of identification. In effect, by 

choosing any invertible (r x r) matrix Q, it is possible to rewrite (12.25) as: 

1'(L), Ayt - IL + a*O*'yt-, + et 

where ce* =: cfQ-'and 0* =: 3Q'. Therefore we do not get unique estimates 
for ce and 3, but an indication of the spaces spanned by a (the adjustment 

space) and by, 3 (the cointegration space). Consequently, in order to identify 

ct and )3 it is necessary to choose a normalisation, i. e. a unique choice of the 

matrix Q. 

This problem is generally solved using either the Phillips' triangular repre- 

sentation, or the Johansen normalisation procedure. The Phillips' triangular 

representation implies taking the upper (r x r) block of the 0 matrix, say 

01, and choosing Q= O-l'. By fixing Q, (12.25) is identified, and the nor- 
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malised vector of cointegrating coefficients is given by: 
13Q' 

where Phillips's approach is therefore based on a decomposition 2- 

of the vector yt into two sub-vectors y1t and Y2t, where it is assumed that 

the variables in the second sub-vector do not cointegrate among themselves. 

This effectively amounts to treating some variables as a pnon exogenous. The 

difficulty with this approach is obvious: in most cases the researcher will be 

unable to find a satisfactory a pnon grouping of the variables. 

The Johansen procedure on the other hand, relies on canonical correlations. 
In equation (12.25) the left hand-side is clearly 1(0), but the right hand-side 

will only be 1(0) for (a) given combination(s) of the yt's. Johansen tries to 

identify the combinations of the yt's (hence the coefficient matrices a and 

0), which yield the highest correlations with the left hand-side of equation 

(12.25), and which at the same time satisfy the following norrnalisation and 

oTthogonahsahon restrictions: 

'BT - 
Ir 

, 
3'(BT- AT))3 

ý0 

where 
I AT : --:: 

Skk 
- 

SkOSO-0 SOk and 
BT ::::::::: Skk 

T 
and Sij - T-' Et= i Rt Rj't 07k. R, t is the residuals of the 01 S re- 

gression of Ayt on a constant and the first k-I lags of Ayt, and Rkt is the 

residuals of the OLS regression Of Yt-k on a constant and the first k-1 lags 

of Ayt. We explain here the meaning of these restrictions by highlighting the 

major steps of the procedure. The likelihood function for the system (12.25) 

is proportional to 
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T 
(a, rk- 

1) ::::: ý IEI-T/2 exp -1/2ý7 t -let) 
, 

(e'E 
t=l 

Rewrite (12-25) as: 

'ýlyt - a0lyt-l 7-- ýý1'4t-l + --- + llk-1ý4t-k-l + et (12.28) 

We ignore the trend term for simplicity. If the coefficients ct, 3' were known, 

maximum likelihood estimates for 171, 
... I 

rk-1 could be obtained by OLS. 

Imagine therefore correcting both sides of equation (12.28) for the effect of 

FlAYt-l + --- + ]Ck-l, ýýiYt-k-l. The right hand-side is then simply equal to 

et; and to correct for this effect on the left hand-side, we can replace Ayt and 

cz, 3'yt_jwith the residuals from regressing them individually on I yt-1 +_+ Vt-k-l A 

(12.28) becomes: 

R, t - a)3'Rkt= et 

We can substitute the above expression for et in the likelihood function (12.27). 

If 0 was known, we could find estimates for ct and E by regressing R, t on 

Rkt 
- We can therefore express a and E as functions of 3: 

43) = -SOk)3()3lSkkO)-l 

E03) == Soo - SOki3(OfSkk13)-10ISkO 

After plugging these expressions into the log-likelihood function, we find that 

the likelihood function is in fact proportional to: 
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L(o) =ýý: (0) ý -T/2 
_I SOO 

- 
SOk0(01Skk0)-l01SkO I-T /'-) 

(12.29) 

Thus, maximum likelihood estimation of the full set of possible cointegrating 
vectors implies choosing 0 to minimise (12.29). )3 is minimised by solving the 
following eigenvalue problem: " 

ASkk 
- 

SkOSOOISOk I=0 

As mentioned above, the whole procedure yields the combinations of the yt's 
with the highest correlations with the left hand-side of equation (12.25), and 
which at the same time satisfy the normalisation and oTthogonalisation re- 
strictions. Hence, ci and, 3 are uniquely identified. 

It should be clear that both techniques indeed solve the identification prob- 
lem, as they imply a unique choice for Q, but the cointegrating vectors cannot 

necessarily be conferred any economic meaning. Similarly to the Choleski de- 

composition in subsection 12.2.1, Phillips and Johansen procedures impose 

mathematical restrictions on 3, and we cannot and should not expect the 

resulting coefficients to have any economic meaning. 27 The restrictions are 

chosen uniquely based on their statistical convenience. 

A now commonly used practice is to try to identify economic meaning- 

fill relationships by imposing linear restrictions on the cointegrating vectors, 

as introduced in Johansen (1988,1991) and Johansen- Juselius (1990). The 

cointegrating relationships zt = O'yt can be viewed as a system of r linear 

equations (Rzoi =01177 r), so that hypotheses on 0 can be formulated 

as: 

26 See Johansen (1995) p. 92 and Lemma A. 8 for more details. 
27 See Wickens (1996) for a discussion on the interpretation of cointegrating vectors. 
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HI: 0= (Hjýpj, 
..., H, ýp, ) (12-30) 

where Hi is a (p x 8, ) known matrix of full rank si, and ýpj is a (S, x 1) 
matrix of unknown parameters. We assume that r -<, sl <, p. If si =p no 
restrictions are imposed on the cointegrating vectors, if si =I the coIntegration 
space is fully specified (all Oi coefficients are imposed). This approach has 
two important advantages: first, it allows us to impose sensible economic 
restrictions on the coefficients and not only mathematical ones, and second, 
the validity of the (over-identifying) restrictions can be tested statistically. 
Indeed, Johansen (1988) proves that the hypotheses implied by H, can be 

tested using a Likelihood Ratio test (LR test) as follows: 

r 

LR = -21n(Q; HIHO): = T Inf(I - Xi(Hi))/(l - Ai(Ho)) 

where HO : A(I) Aj(HO) [Ai(Hi)] are the r largest squared canonical 

correlations between the residualsOf Yt-k [H'Yt-k] and AYt corrected for the 

effect of the lagged differences of the Y process. This LR test is asymptotically 
r distributed as )( 2 with (p -r- si + 1) degrees of freedom. Note that the 

number of degrees of freedom is equal to the total number of over- identifying 

restrictions. Unfortunately, this test is only asymptotically distributed as X2, 

and one has to be careful when working with finite samples as the test tends to 

lead to over-rejection of the imposed restrictions. It has been shown that only 

with sample sizes equal to 300 (or more), does the actual test size converge 

to the nominal one. 28 Note that the parameterisation (12.30) only determines 

the parameters Wi up to a constant factor; it is then common to normalise Oi, 

28 See Amisano-Giannini (1997) pp. 104-105. 
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i. e. impose a unit coefficient on one variable in each cointegratino, vector. 29 
Pesaran and Shin (1994) take this approach further. They claim that the 

procedure proposed by Johansen to impose restrictions on 0 is too limited: 
"The type of restrictions considered are rather limited and do not allow for 

non-homogenous restrictions or restrictions across the cointegrating vectors . 
30 

They suggest a broader approach, where)3 are known to satisfy k general con- 
straints: hi (0) - 0, i= 1) 2, 

..., k, where hi (0) is a known (k x 1) vector 
function possessing continuous partial derivatives. This approach allows us 
to impose non-homogenous restrictions as well as restrictions across the coin- 
tegrating vectors. Remember that the identification of 0 is related to the 

unique determination of the Q matrix. To obtain the)3 parameters, Pesaran 

and Shin combine the restrictions implied by a linearised version of hi (0) = 0, 

with the restrictions implied by the following identity: 0 =)30Q. In their pa- 

per they outline two algorithms to estimate the parameters (back substitution 

and generalised Newt on- Raphson), and examine the distribution of LR-tests 

for over-identifying restrictions. These are found to be X2 distributed, with 
the number of degrees of freedom equal to the number of oveý-identifying re- 

strictions (identically to the Johansen's case). 

Pesaran and Shin clearly expand the set of feasible restrictions which can 

be imposed on cointegrating vectors, thus clearly improving Johansen's origi- 

nal method. However, and this is a major setback, their method considerably 

increases the computational burden. As a result, we found it very difficult 

to obtain convergent estimates for 3 with eit'her of the suggested algorithms. 

When imposing straightforward linear restrictions on one equation at a time, 

the Johansen method almost always provided us with estimates for 0, while 

29 This is done by imposing the following restricition: ý3j = hi+H'V)i where V)i is (si- I) x I. 
is Usually hi is a unit vector and H' has zeroes in the corresponding row, such that 3i i 

normalised on one of the coefficients. See Johansen (199.5), p. 76. 
30 Pesaran/Shin (1994), p. 9. 
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we encountered major difficulties with the Pesaran and Shin approach because 

their algorithm would not converge. Their approach is merely a O'eneralisation 0 

of Johansen method to include non-homogenous and cross-equatlons restric- 

tions; we would therefore only use it in these particular cases where these types 

of constraints are needed. Johansen is a much more tractable and equivalent 

approach to impose linear restrictions on cointegrating vectors. 
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Chapter 13 

An empirical framework 

13.1 Introductory comments 

The previous chapter introduced a set of techniques commonly used to identify 

structural shocks and analyse the impact of economic disturbances on a system. 
However, as became clear from the discussion, none of these methods appeared 

fully adequate to answer our question namely, what is the impact of structural 

economic shocks on the labour market? The first technique (Choleski decom- 

position) did not allow for a true structural interpretation of the results, and 

the C and AB models both imposed non-testable restrictions. This chapter 

therefore sets up a new empirical framework, which concentrates on the fol- 

lowing two dimensions: firstly, to work with a meaningful economic structure 

and secondly, to ensure that any imposed restriction is fully supported by the 

data. The first point is addressed by deriving a theoretical model of the labour 

market, while the second issue is accounted for by adequately testing each step 

of the model. 

This chapter is divided into different sections, which follow the steps of this 

empirical framework. Section 13.2 presents a theoretical model of the labour 

market. The two constituting equations, wage setting and labour demand, 
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are introduced in separate subsections (13.2.1 and 13-2.2) and a third subsec- 
tion (13.2.3) is devoted to theories of unemployment persistence. which are 
relevant to describe the short-term behaviour of unemployment. Section 13.3 

explains how to choose between a stationary and a cointegrated VAR. Section 

13.4 shows how to separate exogenous from endogenous variables. Section 13.5 

illustrates how to identify cointegTating vectors as long-run economic relation- 

ships. Section 13.6 introduces our identification technique to recover structural 

shocks, and presents the other techniques which will be used as comparisons 
to answer our methodological question namely, how does the chosen identifi- 

cation method impact on the results? Lastly, section 13.7 summarises the key 

steps and statistical tests of this framework. 

In practice, most of these steps are in fact inter-related. For example, we 

are only able to test for cointegration among the variables, once the relevant 

variables are selected, thus implying that the theoretical model should be 

derived first. However, the structure of the model also strongly depends on 

the empirical framework one has in mind. For instance, the number of variables 

included will be different if one works with a conditional or an unconditional 

VAR, or with a VECM or a VAR. As long as it was supported by the data, we 

tried here to work with a cointegrated VAR. This is because we believe that 

it is the most adequate way to model the labour market: it allows both for 

very persistent effects of shocks in the short or even medium-term and for the 

existence of a long-run equilibrium. The theoretical model in the next section 

I uing is therefore developed such a way that can be recovered from cointegra' 

vectors. Obviously, the next step will then be to make sure that the variables 

in the model are indeed cointegrated. Sections 13.2 and 13.3 follow this spirit. 
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13.2 A simplified model of the labour market 
Probably even more than in many economic fields, labour market theories are 
very controversial. It is hard to reconcile the several schools of thought, and 
any labour market model has opponents. We do not provide here a detailed 

evaluation of all existing labou-r market theories, but rather highlight key fea- 

tures of some central (key) models. This overview will allow us to choose a 
fairly representative structu-ral model of the labour market, -vý-hichwewill then 

try to identify in the empirical part. 'More precisely, we will regard the chosen 

model as defining a long-run equilibrium of the labour market and will try to 

recover this model from the cointegrating vectors. This way we ensure that 

the resulting disturbances can be given a true structural interpretation. Note 

that the purpose of this section is not to defend a particular theory over others, 
but to offer an overview in order to lay ground for our model. 

The unemployment debate has long been centered around two opposing 

views: the Keynesian versus the classical view. Unemployment is diagnosed by 

the former, as resulting from insufficient aggregate demand and by the latter, 

as a consequence of too high real wages. Yet, both arguments are developed 

in a framework of perfect competition and Layard and Nickell (hereafter LN) 

in their 1985 paper pointed out the limitations of this framework: "it is much 

more reasonable to think of prices as being set by imperfectly competitive 

firms, existing prices being the best they can think of, given the demand 

they face". ' They then developed a model using this imperfect competition 

framework and we follow their approach here. 

LN's aim was to test the ernpincal virtues of a labour market model. For 

this purpose, they designed it to be broad enough to encompass different exist- 

ing theories. Similarly, this study also tries to define an empirical model of the 

I Layard/Nickell (1985), p. 62 
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labour market, later to be identified from cointegrating vectors. For obvious ýD 

reasons, the model therefore has to be simple enough to be applicable to this 
type of analysis .2 We briefly state LN's model here and use it as a guide post 
to other existing theories. 

LN consider three equations: a labour demand, a wage and a price equa- 
tion, defined in the following way: 

Laboux demand N- 
W7a 

-K f(p+) 

Real wage 
W=hK, N, 

ZP (13.2) 
pLL +Ipe 

Price markup 
P-g 

or7 
KPW 

(13-3) 
w(+ L'Pe'We 

) 

where N is employment, P the price level, W the nominal wage, K the capital 

stock, o- aggregate demand, L the labour force and Z some "push" variables. 
The e superscript denotes an expected value. In our model we only include a 

labour demand and a wage equation. We choose not to include a price equa- 

tion, because this could create a serious identification problem with equation 

(13.2). Note that this problem follows from the very close specification of equa- 

tions (13.2) and (13-3), which almost contain the same variables. Moreover, 

this problem is likely to be aggravated in our case for the following reasons: 

* In a VECM setting, equations (13-1) to (13.3) are estimated as a system 

and linear dependence of (13.2) and (13-3) is a serious issue. 

9 The only variables that truly help in identifying the real wage equation 

are the Z variables. Yet, we have important limitations as to how many 

2 The model is estimated as a system and is recovered by imposing over-identifying re- 

strictions on the cointegrating vectors. 
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of these Z variables can be included in our model. First. we mentioned 
at various places our need to concentrate on a limited set of variables 
(section 13.4 exposes this issue in more details). Second. remember that 
the model is identified from the cointegrating vectors. Hence. only I(I) 

variables can enter the equations, clearly restricting the number of poý- 
tential. Z variables. This therefore increases the risk that the wage and 
price equations will not be identified. 

We therefore consider only a labour demand and a wage equation. -.,. NTote 

that the claim made by Manning (1993) that there is a "generic" identification 

problem inherent to equations (13-1) and (13.2) themselves, remains, as will 
be seen later, only partly valid in our case. 3 The following subsections derive 

the model. 

13.2.1 Labour demand 

The labour demand equation (13.1) is derived here following LN's argument. ' 

The capital stock (K) and the level of technical progress are given. The 

economy consists of n identical imperfectly competitive firms. These produce 

an output Yj using labour (Ni) and capital (Ki). The employment level needed 

to produce Yj is (assuming a homogenous production fi-inction): 

Ni f( 
Yi )- 

Ki 
K, 

W 
Each firm pays its employees a real wage T and faces a specific demand for 

its products. The latter depends on the relative price of the products (Pj1P) 

3This is because equations (13.1) and (13.2) will contain a different set of variables each, 

and so satisfy the conventional order and rank conditions when considered in simultaneous 

equations. 
'We summarise here the key steps of the argument. A detailed explanation can be found 

in Layard/Nickell (1985), Layard/Nickell and Jackman (1991) and Carlin/Soskice (1990). 
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and the level of aggregate demand (o-): 

Pi Yi -D 
(P 

7,7) 

The firm chooses Pj1P to maximise its real profit rIj/P: 

Pj WD (Li 
p-D 

Pi 
fp Ki 

(P 
p Ki 

Thus, employment depends on the variables that are parametric to this prob- 
lem, namely: 

Ni gw Ki 
(p 

At the aggregate level, where ex post 11 is unity, the following labour demand P 
function is obtained: 

Nw 
-=9-, 

07 (13.4) 
Kp+ 

Under perfect competition the aggregate demand term (a) disappears. Under 

imperfect competition, employment increases with demand if the elasticity of 

demand rises in a boom. ' Equation (13.4) is a typical labour demand function 

as defined by LN. 

We introduce here a simplified version of this labour demand equation, 

which will then be the first equation of our structural model that we will try 

to impose and test on the cointegrating vectors in the empirical part: 

Labour demand: O-t -"::: -al ' 10t + 02 * Yt 

"See Layard/Nickell (1985) for further explanations. 
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where et is employment, wt is the real consumption wage and yt the output 
level. As in LN's equation (13.4), employment is negatively related to the level 

of real wage. This is a standard microeconomic result, which follows from firms 

maximising profits. A firm is only willing to increase its employment level. if 
this is accompanied by a fall in real wages (this is because of the diminishing 

return to labour). 

The presence of output in a labour demand equation is controversial and we 
try here to justify this approach. Remember that LN include an aggregate de- 

mand term ((7) in their equation. Its presence is due both to a theoretical and 

an empirical observation. To the former: the derivation of the model showed 
that imperfect competition implies that employment is determined both by 

aggregate demand and real wages. The intuition is that firms are only willing 

to expand production and increase employment, if demand is sufficient and 

they know that they will be able to sell the additional output. The corre- 

sponding empirical observation is that the level of aggregate demand appears 

to constrain firms' production. ' As a proxy for aggregate demand, LN use 

deviations of output from its trend. Equation (13.5), on the other hand, only 

includes output. The reason that deviations from output trend cannot be used 

in this. study, is that this variable is stationary and thus cannot be part of a 

cointegrating vector. Moreover, the presence of output in the labour demand 

equation can be interpreted as follows: in an imperfect competition model, 

firms set prices as a mark-up over marginal costs and this mark-up depends 

negatively on the elast1c1ty of demand. If this elasticity is constant, i. e. inde- 

pendent of output level, then output does not enter equation (13.5). However., 

empirical evidence suggests in fact that the elasticity of demand increases when 

output rises .7 
Hence, an increase in demand (output) diminishes the mark-up 

6 See Carlin/Soskice (1990), p. 372. 
7 See Carlin/Soskice (1990) p. 141 and following. 
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and it is through this reduced mark-up, that output exerts a positive effect on 
the quantity of labour demanded by firms. In detall: a rise in output induces a 
rise in the elasticity of demand; this implies a reduced mark-up, which in turii 
translates into lower prices; lower prices lead to higher demand for output. 
thus resulting in an increase in labour demand. This -transmission mecha- 

nism" provides one possible explanation for a positive link between output 

and employment as postulated in equation (13.5). 

Before turning to the special case of Germany, let us add a final remark 

on our labour demand equation. We would like to differentiate this model 
from two related but distinct models. In our model the product market is 
imperfectly competitive and firms set prices to maximise profits. Since the 

resulting price is higher than the perfectly competitive price, firms do not 

produce and sell as much as they could based on existing demand. They choose 

to "ration" themselves based on an optimal calculation; it maximises their 

profits to sell less but at a higher price. This rationing has however nothing 

to do with a Keynesian demand constraint, as implied by a Malinvaud type 

model. Malinvaud assumes rigid nominal wages and prices. A rise in real wages 

can generate both a situation of classical or Keynesian unemployment. In the 

latter, firms wish to expand production but are constrained on the product 

market by insufficient demand, thus implying that workers face insufficient 

demand for labour on the factor market. This rationing does not in any way 

follow from an optimal calculation of firms. Lastly, this model also differs from 

cost-mininusing models. 8 The latter investigate optimal behaviour of firms 

on the factor market given output levels, while we concentrate on optimal 

behaviour of firms in the product market. 

For Germany another type of labour demand equation is estimated, where 

firms face a capital constraint. The equation is the following: 

8See f. ex. Blanchard/ Kiyot aki (1987). 
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et = -a, . wt + kt (13.6) 

This model is chosen for Germany essentially due to different cointegration 

properties of the data. Details about this issue are given in the relevant section. 
Employment still depends negatively on real wages, but is now positively linked 

to the level of capital stock. This follows LN's approach in equation (13-4). 

The idea of a "capital gap" has been revived recently in the literature following 

the high and persistent unemployment in Europe. It is argued that firms suffer 
from a capital gap, which prevents them from expanding their production and 

employing more workers. 9 Bean (1989) was one of the first and central papers 

to stress the importance of this phenomena. Dixit (1992) also highlights the 

"hysteresis feature" characterising investment decisions. The argument goes 

as follows: Firms adopt a policy of "wait and see" before deciding to invest 

(or disinvest). This means that once a recession hits the economy, firms do 

not disinvest immediately but rather wait to see if this is due to persist. If 

the recession remains, then they disinvest. In the same way, firms do not 

invest at the first signs of recovery, but wait until the upturn seems confirmed. 

The higher the uncertainty in the economy, the longer this period of "wait 

and see". Consequently, if capital stays low for a prolonged time then so will 

employment. Lastly, more recently Bean mentions in his survey the role played 

by capital on employment, both as a constraint and as a shock magnifier. 10 

13.2.2 Wage setting 

We now introduce the second equation of our model. Equation (13.2) is rewrit- 

ten here for convenience: 

9If capital and labour are not perfect substitutes ex ante, then a low capital stock implies 

a low employment level. 
IOBean (1994), p. 613 and p. 579. 

112 



w 

=h 
KNzp 

p L'L'+'Pe 

This expression can be simplified by assuming that ex post P= P'. Note 
further that ýý is equal to I-U where ýý is the unemployment rate. Hence: LLIL 

-hZ (13.7) LL+ 

The equation we try to recover from our second cointegrating vector is a sim- 
plified version of (13-7), where the productivity term (ýý) is ignored and only L 
one push variable is considered, namely income tax: 

Wt = -01 * Ut + 02 
- taxt 

wt is the real consumption wage, ut is the unemployment rate and taxt is the 

income tax rate. Productivity is ignored mainly for simplicity, i. e. to reduce 
the number of variables to be included in the system, but this approach can 
be justified based on the following arguments. Firstly, it is consistent with 
Manning's view that "productivity should have no place in a structural wage 

equation". " Secondly, LN in their model impose a neutrality restriction on 

the productivity term, so that the NAIRU is independent of productivity. As 

a result, what they call their "long-run wage equation" does not contain pro- 

ductivity. 12 Note that one may also be worried that the chosen wage equation 

will not be able to explain the trend normally observed in real wages. This is a 

legitimate comment, however, it is unlikely to be of true concern here since in 

"Manning (1997), p. 106. 
12See Layard and Nickell (1985), p. 75. 
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the time period involved, real wages only rose very moderately-" Lastly. the 
claim that equation (13-8) may not be a reasonable cointegrating vector, since 
both independent variables are 1(0) while the dependent variable is I(I). is 
not a crucial issue here. This is because, over the sample considered, European 

unemployment is clearly non-stationary. 
Let us now look at the negative relationship between unemployment and 

wages. In an imperfect competition model, wages can be determined by three 

mechanisms: (1) firms, (2) unions, (3) unions and firms. Models based on each 

of these mechanisms diverge in their underlying institutional assumptions and 
their analytical derivation, but all imply a negative relationship between wt 

and ut. Consequently, the formulation (13.8) is empirically valid for all three 

mechanisms. The intuition underlying these models is briefly stated here-" 

1. Firms: efficiency wages. 

The central idea is that it can be efficient for firms to set up a wage higher 

than the labour market clearing wage. A higher wage can be beneficial for 

two reasons: firstly, because it decreases total labour costs and secondly 

because it increases workers' productivity. Total labour costs are lower 

because a higher wage encourages employees to stay with the firm, thus 

reducing the firm's turnover costs. The productivity is higher because 

workers tend to work harder when better paid. Moreover, a higher wage 

seems to diminish their temptation to shirk and to increase their feeling 

of fairness when comparing their salary to the obtainable one in another 

firm; both boost their productivity. The unemployment rate plays an 

important role in that the lower it is, the easier it is for employees to find 

an equivalent job outside the firm and therefore, the higher the wage paid 

131n Germany a time trend is included in equation (13.8) to account for the slightly 

stronger growth in real wages. 
"Analytical derivation of these models can be found in textbooks such as La- 

yard /Nickell/J ackman (1991) and Carlin/Soskice (1990). 

114 



by the firm must be in order to keep workers. Moreover, a lower jobless 

rate reduces the cost of job loss if caught shirking, implying that the firm 

must rise the wage if it wants to enjoy the same productivity level. This 

highlights the negative link between unemployment and wages. 

2. Unions: right-to-manage model. 

Unions maximise the utility of their members, which depends both on 
the employment and wage level. They set up a wage unilaterally an, ýI- 
the firm decides on the employment level. Unions try to obtain the 

highest possible wage compatible with a targeted level of employment. 
The outcome depends on unions' power, but also on the labour market's 

conditions. The tighter the labour market is, the more credible strike 

threats from unions are and therefore the higher the wage they can de- 

mand. In other words, a low unemployment rate reduces the cost of job 

loss in the course of a strike and results in higher wage claims . Hence, 

this model also implies a negative relationship between ut and wt. 

3. Unions and firms: right-to-manage model with bargaining and efficZent 

bargains. 

Both models imply the same negative link between unemployment and 

wages, and the mechanism at work is identical to the one presented under 

(2). Thus, we do not repeat the explanation but rather stress the main 

differences in the underlying assumptions. The right-to-manage model 

with bargaining as. --umes that unions and firms bargal. -LL over the wage 

level, as opposed to (2) where unions set wages unilaterally. (There are 

many different models of bargaining, the most familiar being the Nash 

model). 

The efficient bargains model is based on the observation that the solution 

to the right-to-manage model is not Pareto-efficient. In the right-to- 
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manage model the resulting wage-employment combination must lie on 
the firm's labour demand curve. The efficient bargains model shows 
that both unions and firms are better off, if firms are willing to move 

away from their labour demand curve. We do not go into details here, as 
firstly the implications of this model are the same as above and secondly, 
it suffers from a time-inconsistency problem. If unions accept a lower 

wage on the promise of higher employment, then firms are still able to 

increase their utility by not holding their promise and going back to their 

labour demand function, choosing a lower employment level. Unions are 

then clearly worse off than with the right-to-manage outcome. 

It should be clear that it is not possible to differentiate empirically between 

these models and that the central prediction is this negative link between ut 

and wt, which we propose to identify. We mentioned above that only one push 

variable is included in our equation: income tax. Other typical push variables 

suggested by LN are listed here and their role in the wage-setting process is 

briefly explained: 

o Mismatch and search intensity. 

If the unemployed are less of a threat to employed people, then wage 

claims tend to rise. This arises when there is a higher mismatch on the 

labour market, implying that the unemployed are less "adequate" for 

(are not matched to) the available vacancies. It can also result from a 

-1 1- fall in search intensity. Lromk)he unemployed due to Iligher U. -Liemployment 
.L 

benefits or a demotivating effect. 

Union militancy. 

Higher union militancy pushes the wage level up. 

o Taxes and relahve ZmpoTt przces. 
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Both reduce the net consumption wage and increase the wedge between 

real and net consumption wage. To the extent that these factors are 

resisted, this results in higher real wages. 

In our model we concentrate on taxes for several reasons. Firstly. data is 

more readily available than for the other two sets of push variables. Secondly, 

we opted for taxes and not import prices so as to be able to work with a closed 

economy model and simplify the equations. Lastly, income taxes present the 

great advantage to be l(l) and thus can be part of a cointegrating vector 

13-2.3 Hysteresis 

The two equations (13-5) and (13.8) are part of a standard NAIRU (Non 

Accelerating Inflation Rate of Unemployment) model. However, these two 

equations (the cointegrating vectors) only define the long-run solution of the 

model. Since ut is generally found to be 1(1) (it follows a random walk), this 

implies that in the short-term, theories of the persistence of unemployment, 

also called hysteresis theories, are relevant. They are briefly mentioned here. 

The high and persistent level of unemployment alongside falling or constant 

inflation has been a puzzle to defendants of the NAIRU. Empirical studies 

which calculate the NAIRU show that it has risen and appears in fact to 

follow the actual unemployment level. Based on this observation hysteresis 

theories were developed, where the equilibrium rate of unemployment is not 

constant but depends on its history. A simple algebraic formulation is given 

by: 

Ut* =a Ut-I + zt 

where Ut* is the NAIRU, Ut the actual unemployment rate and Zt some struc- 

tural exogenous variables. If the steady state condition Ut =: Ut-i == U* is 

117 



- --=- 

imposed, we obtain for U*: 

z 

(13.9) 

Three cases can be distinguished: 

9 oz = 0. This is the standard case with a unique NAIRU equals to -Z. 

1. This represents full hysteresis. There is no unique equilibrium 
t 

rate of unemployment, it depends fully on its history: U* = UO+ Zj. 

*0<a<1. Shocks to the NAIRU tend to persist, but the NAIRU does 

converge to its steady-state level (13.9). The speed of convergence is fast 

if a is close to 0 and slow if it is close to 1. 

Three main models try to explain unemployment persistence: the insider- 

outsider model, the depreciation of human capital (skills worsening) model 

and the capital gap model. The capital gap model was presented above when 

explaining the labour demand equation. The depreciation of human capital 

assumes that long-term unemployed are not able to influence the wage-setting 

any longer, or that they see their influence decreasing. This happens due to 

two phenomena: 

* Long-term unemployed, by losing touch with the "business world", see 

their skills decreasing and are therefore less and less likely to find a job. " 

e Demotivating effects may evict long-term unemployed from the effective 

labour force definitively. 

As a consequence, long-term unemployed are more likely to remain unem- 

ployed, inducing the observed persistence pattern in unemployment. 

15 There is indeed evidence that firms use duration of unemployment as a screening device 

when recruiting new employees. 
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The insider-outsider model is based on the assumption that insiders (em- 

ployees) have an advantage over outsiders (unemployed), allowing them to 

claim a higher wage without having to fear for their jobs. The rationale is 
that if a firm replaces an insider by an outsider, it incurs firing, hiring and 
training costs. Furthermore, insiders, by not cooperating or even harassing 

the "new" insider may render him less productive to the firm. For this reason, 

it is possible that unemployment remains high, even though outsiders would 
be willing to work for a lower wage than the current one. A variation on the 

same theme is the model where a monopoly union defends the interest of its 

members (insiders) as opposed to outsiders. 
To sum up, equations (13-5) and (13-8) constitute the simplified labour 

market model, which we propose to recover from our cointegrating vectors in 

the empirical part. It does not follow any specific labour market theory, but 

rather stands as a general empirical framework. This model is very simple, 

note however that: 

our primary aim is mainly to give a structure to our VECM to allow 

a meaningful economic interpretation of the results and not to find the 

"perfect" labour market model. 

Furthermore, it is worth emphasising that this model is supported by 

the data in all three economies studied. 

13.3 Stationary versus cointegrated VAR 

Once the underlying model is set up and the relevant variables are selected, we 

must then choose between a stationary or a'cointegrated VAR. Most macro- 

economic variables are non-stationary and our variables do not escape this 

rule. Considering this, two modelling approaches are possible: either to esti- 

mate a VAR in first differences, or to opt for a cointegrated VAR. The VAR 
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in first differences is more limited in its 'I 1 interpretation, as it only allows infer- 

ence about short-run dynamics of the variables. The cointegrated on 
the other hand, considers both their short and long-term behaviour. In fact 
this choice is not free, but is (or should be) dictated by the properties of the 
data. If the variables are not cointegrated, then a VAR in first differences must 
be estimated, by opposition if they cointegrate a cointegrated VAR (VECM) 

should be used. Remember that differentiating variables to include them in a 
stationary VAR when they cointegrate, not only ignores important information 

about their long-run behaviour, but results in biased estimates. 16 Therefore, 

the correct procedure is to systematically test for cointegration among the 

variables and then, depending on the outcome, estimate the correct system: 
VAR or VECM. 

The Johansen test reveals the presence of cointegration in all our datasets, 

and accordingly a VECM is estimated for each country. This analysis there- 

fore provides information both about the short- and long-run behaviour of 

the variables. We regard this as a great improvement over studies which only 

look at short-term dynamics. " Although we believe that cointegration can be 

found among many economic variables, very few studies make use of a cointe- 

grated VAR. " The reason may be that a VECM is indeed more informative, 

but at the same time requires that cointegrating vectors are properly identi- 

fied. It is meaningless in a structural analysis to identify cointegrating vectors 

in a statistical manner, rather it is important to recover sensible economic 

relationships. Yet, this identification step is very cumbersome and most au- 

thors may have chosen to work with a non-cointegrated dataset to avoid this 

161gnoring the cointegrating vector(s) is equivalent to omitting a variable. 
Note that all long-term relationships (cointegrating vectors) identified in this paper are 

supported by the data and are statistically significant. 
18BIanchard (1989), Blanchard and Quah (1989), Gamber and Joutz (1993), Astley and 

Garratt (1996), Dolado and Lopez-Salido (1996), Dolado-Jimeno (1997) all use a stationary 
VAR (see other references). Only Giannini, Lanzarotti and Seghelini (1995), Marcellino and 
Mizon (1997) and Greenslade, Hall and Henry (199) use a VECM- 
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identification problem. 

To conclude, in our framework we propose to work with a VEC-NI and to 

identify the cointegrating vectors as structural long-run relationshi ips (we come 
back to this later in this chapter) . This choice of model is based on a statistical 
test (the Johansen test) and is therefore fully supported by the data. 

13.4 Endogenous versus exogenous variables 
The issue of exogeneity apart from being an economic question is also a statis- 

tical issue. Remember that VARs are systems of equations and must therefore 

be estimated as such. The simplest models give rise to huge systems, which 

cannot be estimated reliably with samples commonly available to researchers. 

Consider the following example from our empirical chapter. The VECNI for 

Italy consists of five 1(1) variables, two 1(0) (deterministic) variables, two 

cointegrating vectors, an unrestricted constant and it is estimated with five 

lags. If all 1(1) variables are treated as endogenous, then 150 parameters 

need to be estimated (5 equations with each 25 lags of endogenous variables, 

2 cointegrating vectors, 2 deterministic variables and a constant). Yet, the 

data-sample is quarterly, from 1960 first quarter to 1997 second quarter and 

therefore contains exactly 150 observations. Even though degrees of freedom 

increase with the number of equations to be estimated, it is very likely in this 

example, that these 150 parameters will not be estimated accurately with only 

150 observations. 

S -1 olutions are threefold. One can ignore this problem and estimate the 

system as it is; in these circumstances it is almost impossible to obtain sta- 

tistically meaningful estimates. Imposing restrictions may also give rise to 

further difficulties. In the above example, the power of the tests and estima- 

tion would clearly be insufficient. Another solution is to simplify the model at 
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the extreme and consider only very few variables. This procedure reduces the 
number of parameters to be estimated, thus increasing the degrees of freedom 

in the system and allowing for "better" estimates. However, it does not permit 
a structural interpretation as very small models are unlikely to be economically 
sensible. 

The approach chosen here is to treat some variables as exogenous and con- 
centrate exclusively on the equations for the endogenous variables. This way, 
a sensible model can be identified since all variables are included, and at the 

same time, the number of parameters to be estimated is reduced. We believe 

that using conditional models is the most adequate procedure when dealing 

with structural VARs. It solves the trade-off between "economic" and --statis- 

tical" accuxacy, considering both dimensions, instead of one at the cost of the 

other. The motivation behind conditional models is to be able to concentrate 

on endogenous variables and model them more carefully, while "neglecting" 

exogenous variables. The exogenous variables cointegrate with the endogenous 

variables (allowing us to recover meaningful cointegrating vectors), but they 

do not cointegrate among themselves. As Johansen puts it, it is then "easier to 

model satisfactorily the conditional model of the endogenous, variables given 

the exogenous variables"'. ̀  

However, one cannot separate the variables arbitrarily into these two groups. 

It is very tempting to make inference only on the partial model and leave the 

exogenous variables unspecified or at least modelled less carefully. "It turns 

out that such an analysis can only be valid if the assumption of weak ex- 

ogeneity is satisfied [ 
... 

] the assumption of weak exogeneity, however, is an 

assumption about the full system" . 
20 A necessary and sufficient condition for 

the analysis of the partial model to be efficient, is that the adjustment para- 

19Johansen (1995), p. 121. 
20Johansen (1995), p. 121. 
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meters (ctt) should all be zero in the equations of the variables to be treated as 
exogenous. This implies that exogenous variables do not respond to deviations 

in the long-run solutions. The way to proceed is as follows: first estimate the 
VECM treating all variables as endogenous, then test for the at's to be zero 

in the equations of the variables which are thought to be exogenous; if and 

only if this condition is met can 3 be estimated from the partial model and 
the resulting estimates will be unbiased. " The test is a conventional LR test 

in the form of (12.31). The hypotheses on ct can be formulated as: 

Hl: a= Aýo 

where A is a (p x m) matrix with m>p and ýo is a (m x r) matrix of unknown 

coefficients. The corresponding LR test is: 

r 

LR=-21n(Q; HllHo)=TEInfl-Elnf(l-/\i(Hi))/(I Ai(Ho)j 
i=l i=l 

which is asymptotically distributed as X' with rx (p - m) degrees of freedom. 

The extended version of (12.25) including exogenous variables can be writ- 

ten as: 

F(L)Azt =p+ ao'zt-I + E)wt + et 

Yt 
where zt r (L) 

Xt 

ay E) 
E)y 

et 
0 ex 

(13.10) 

FyV (L) 
ct/3' 

0 F-xx (L) Ax i 
eyt 

e,, t 

yt is an (mYx 1) vector of endogenous (jointly determined) I(I) variables. 

"Theorem 8.1 in Johansen (1995). 
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xt is an (rn, x 1) vector of exogenous I(I) variables. -Note 
from equation 

(13.10) that it is assumed that xt's are not cointegrated themselves. 

wt is a (q x 1) vector of exogenous (deterministic) 1(0) variables (excluding 
,! D 

intercepts and/or trends which are comprised in p). 
By separating variables into enclogenous and exogenous, we are able to work 

with a greater number of variables than when treating them all as endogenous. 
This allows us to identify more meaningful long-run relationships. The only 
disadvantage is that impulse responses can only be obtained for the endogenous 

variables - Note however, that these are normally the main variables of interest 

Remembering (12.26), their VMA form can be written as: 

A yt =C (L) (tty + eyt) +B (L) wt 

with B(L) = E)yC(L). 

(13.11) 

To conclude, note that endogenous and exogenous variables are separated 

based on a statistical test and therefore, once again, only a grouping supported 
by the data is accepted. Lastly, appendix E highlights a possible circulaxity 0 
problem between the test for cointegration and the test for weak exogeneity. 

13.5 Identification of the cointegrating vectors 

The previous chapter presented various possible techniques to identify coin- 

tegrating vectors and thus, not a lot needs to be added here. As far as the 

Johansen test confirms the presence of two cointegrating vectors, we then try 

to recover the wage and employment equations presented in section 13.2. It 

will become clear in the next chapter, that the Johansen test suffers in fact 

from a "circularity problem". The rank can only be deternuined with certainty 

once the correct deterministic component (constant and trend parameters) is 

selected, but at the same time the right deterministic part can only be iden- 
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tified if the correct rank is known. Hence, in our three countries in the case 
where different specifications for the deterministic part all gave a rank of two. 
the one with the highest log-likelihood value was chosen. However, when the 
various specifications yielded a divergent rank, we opted for the one showino, 
a rank of two. Even if this approach was led by the need to recover our tv, 'o 
structural equations, it was only used as a selection cTiteTion among the speci- 
fications. We did not assign a specific value to the rank or impose a paTtZcular 

specificahon in any case. 
It is obvious that we do not want to identify the vectors in a statistical 

manner as suggested by Johansen or Phillips, but that we are in fact trying 

to recover two given economic relationships. Remember that for this purpose 

either the method designed by Johansen (1988,1991) and Johansen-Juselius 

(1990), or the one proposed more recently by Pesaran and Shin (1994) can 

be used. It was shown that the latter is only advisable in the case of non- 

homogenous or cross-equations restrictions. No constraint of this type ensues 

from the model. Consequently, we use the Johansen approach and test our 

restrictions with the LR test presented in chapter 12 (equation (12-31)). 

To conclude, this identification step tries to recover the theoretical model 

and again, only restrictions fully supported by the data are being imposed. 

13.6 Identification of the structural shocks 

Once these steps are executed, we are left with the difficult task of identify- 

ing so-called structural disturbances. Most controversies undoubtedly arise at 

this stage and once more we follow our guiding principle: testing. To fully 

understand the nature of the problem, several ways to identify structural dis- 

turbances and obtain impulse responses are outlined here. We choose the 

most adequate method for our framework, but consider the others as a means 
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of comparison to answer the second question raised in the introductory part, 
namely: how many of the results reported by other authors have been in- 
duced by the restrictions they imposed? Five different approaches to identifý- 
structural shocks are presented here: 

The first approach is based on a paper by Koop, Pesaran and Potter 
(1996) (hereafter KPP), which analyses impulse responses in the general 
setting of non-linear multivariate models. Only issues relevant to mul- 
tivariate but linear models are discussed here, since these correspond to 

the type of models presented in this study. As discussed in sections 12.1 

and 12.2, reduced form residuals are composites of the true structural 
disturbances. Using for example Choleski to recover the true shocks, we 

are faced with the problem that the impulse responses are not unique, 

re-ordering the variables in the VAR alters the impulse responses. KPP 

try to address this issue. They define a so-called generalised impulse 

response function, which is unique and invariant to a re-ordering of 
the variables. Building on previous work by Pesaran et al. " they pro- 

pose to consider system-wide shocks, instead of specific shocks. They 

believe that orthogonalisation procedures are arbitrary (or at least not 

unique) and that it is therefore more sensible to look at shocks drawn 

from the multivariate distribution of the reduced form residuals (shocks 

which have been "typically observed""), without any need to orthog- 

onalise them. 24 In the case of a multivariate linear model, the gener- 

alised impulse responses are the responses ofthe variables to the reduced 

22 See for example Lee/Pesaran/Pierse (1992), Pesaran/Pierse/Lee (1993) and 
Lee/Pesaran (1993). 

23 Lee/Pesaran (1993), p. 321. 
24 The generalised impulse responses study the impact on the system of a combined shock 

to all variables, while the other methods described here look at the effect on the system of 

a shock to a specific variable. The underlying approach therefore differs, but it is interest- 

ing and informative to see how these responses compare with the responses obtained with 

orthogonalisation methods. 
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form residuals, standardised by the standard deviation of the considered 
shock. Note that the generallsed impulse responses and the Impulse re- 
sponses obtained using Choleski are identical if and only if the variance- 
covariance matrix of the residuals is diagonal; the responses for the first 

variable in the VAR are however always identical. 

A second approach is to orthogonallse the reduced-form residuals using tD 
a Choleski decomposition (K model, see section 12.2.1). 

* Another way to orthogonalise the residuals is to use the AB model (sec- 

tion 12-2.3) and fix the A and B matrices to be identity matrices. This 

implies that the contemporaneous value of each variable (yi) is only af- 
fected by its own shock (6j). Observed values of eit are entirely attributed 

to pure shocks to the fyitj sequences (eit = bijeit). In other words, each 

variable is exogenous to the other variables. We call the resulting re- 

sponses: orthogonal impulse responses. 

AC type model (section 12.2.2) can be used to identify the structural 

shocks, imposing for example restrictions A la Blanchard and Quah 

(1989). 

Lastly, the AB model can be used to impose structural restrictions on the 

residuals. We call this approach: the AB structural decomposition. 

Each of these five procedures can be used to recover so-called structural 

shocks and the next chapter compares results obtained with these various 

techniques. However, in our framework, the last approach is selected and 

applied in the following way. Remember the AB model (reported here in a 

bivariate case for convenience): 

AA(L)yt = Aet 
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Aet - 
BEt 

E(ete') 1ý2 E(Etc') 12 tt 

Ylt It 
Yt et 

L Y2t i e2t 

(13-12) 

We propose to restrict the A matrix to be equal to the identity matrix. 
This way we do not impose an arbitrary ordering on the enclogenous variables, 
but rather assume that none of the variable has a contemporaneous effect on 
the other vaxiables. (13-12) then becomes: 

elt bil b12 Elt 

6- 2t b2l b22 E2t 

This expression implies that the reduced form residuals are composites of 

the true structural shocks, which is indeed the case. We know then that to 

identify the model, at least (n 2- n)/2 restrictions need to be imposed. The 

great advantage of this procedure is that along with the estimates of the bij, 

we also obtain their t-statistics. Therefore, the (n 2_ n)/2 restrictions are 

imposed by restricting to zero those coefficients which are not significantly 

different from zero. This approach has two main advantages: 

9 The results are invari'ant to the order of the vanables M the VAR. Vie 

are not imposing any a-priori fixed structure on the B matrix, but are 

restricting to zero those parameters which are insignificant. Their statis- 

tical significance is invariant to the order of the variables and therefore, 

so are our restrictions. 
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* It allows us to test for the correlahon structure of the reduced form resid- 
uals. Generalised impulse responses assume that all bij coefficients are 
significant, orthogonalised impulse responses assume that none of them is 
significant, Choleski imposes an arbitrary ordering; using the AB model 
in this manner, we can test for the significance of the bijs and thus in- 

clude only significant coefficients. This way more information is obtained 

about the correlation structure of the residuals and no discretionary as- 

sumption needs to be made. We will see for example in the next chapter, 
that in Italy only one reduced form residual is expressed as a combina- 
tion of the structural disturbances, in France none of the bij coefficients 
is found significant and in Germany seven out of nine bij coefficients are 

significant. 

13.7 Summary and concluding remarks 

The main steps of our framework are summarised here: 

Preliminary step: Select the endogenous variables, choose the lag length 

of the VAR, define the deterministic component and test for the cointe- 

gration rank. 

Statistical tests: LR test, correlation function, Akaike and Schwartz cri- 

teria7 Johansen test. 

2. Estimate the reduced form VECM treating all variables as endogenous. 

3. Test the weak-exogeneity assumption made under 1. 

Statistical test: LR test. 

4. Re-estimate the reduced form VECM, this time separating endogenous 

from exogenous variables. 
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5. Identify meaningful cointegrating vectors by imposing structural restric- 
tions. 

Statistical test: LR test. 

6. Estimate the VECM again, this time using the cointegrating vectors 
identified in the previous step. Obtain the reduced form residuals. 

7. Identify the structural shocks using an AB model in the following way: 
choose the A matrix to be an identity matrix and restrict to zero those 

coefficients in B which are not significant. 

Statishcal test: t-test. 

From this summary it should be clear that we were in fact able to develop 

a framework, which fulfils the requirements laid down at the beginning of this 

chapter. This framework allows for a structural analysZs of the labour market's 
behaviour in response to shocks and guarantees that every restriction imposed 

is supported by the data. Moreover, note that this framework allows us to study 
both the short-run dynamics of the variables and their long-run equilibrium 

relationships. 

The economic structure underlying this empirical framework therefore en- 

sures that the results can be given a meaningful economic interpretation, and 

the numerous statistical tests to be passed at each step guarantee that the 

results are supported by the data and truly follow from the data, and not 

from any discretionary restriction imposed on them. The only possible area 

of controversy may be whether generalised impulse responses (which do not 

orthogonalise reduced form residuals) should be used instead of the responses 

obtained under step 7. The main reason why KPP propose to use generalised 

impulse responses is because they are invariant to the ordering of the variables 

in the VAR. However, we showed that our responses also have this property. 

Section 13.6 further stressed some advantages of our procedure over generalised 
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impulse responses and lastly, we believe that in this context it is important 

to be able to recover specific as opposed to system-wide shocks, to be able to 

give them a "structural" interpretation as defined by the underlying economic 

model. For these reasons we believe that this framework is the most adequate 

for this study. The next chapter applies the framework to the Italian, French 

and German labour markets. 
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Chapter 14 

Empirical results 

In chapter 13, a framework was developed which aimed to adequately study 
how laboux markets respond to shocks. In this chapter, it is applied em- 
pirically to investigate labour market dynamics in three European countries: 
Italy, France and Germany. Shortly after' the introduction of the European 

single currency, it is important to investigate the labour market behaviour of 
th-ree central and heterogeneous member states to assess the degree of con- 

vergence of their labo-ur markets. France and Germany are interesting for 

two aspects: firstly, they are key players of EMU and secondly, their labour 

markets appear to behave significantly differently (see figures H. 4 to H. 6 and 

H. 7 to H. 9). Moreover, in terms of studying shocks' impacts, Germany could 

prove an informative example since it has clearly been affected by a consider- 

able asymmetrical shock, namely reunification. Lastly, Italy is considered to 

include a southern economy in this study. Italy is chosen as opposed to Spain, 

because the Spanish labour market has already been subject to numerous in- 

vestigations due to its very high level of unemployment. ' 

'In fact, this study was completed shortly before the introduction of the EURO. 
2Dolado/Lopez-Salido (1996); Dolado/Jimeno (1997); Blanchard/Jimeno (1995), Struc- 

tural unemployment: Spain versus Portugal, American Economic Review Papers and Pro- 

ceedings, 80 (2), 212-218; Blanchard/Jimeno et al. (1995), Spanish unemployment: is there 
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Results are presented in a separate section for each countrv, in order to 
deal in full with their own specificities. Note that the first section on Ital-,. - 
contains very detailed explanations about each step. We do not then repeat 
the full explanations for the two other countries, but rather refer the reader 
to the corresponding section on Italy. Each section contains the following 

subsections: variables, test for unit root(s), test for cointegration, test for 

weak-exogeneity, identification of the cointegrating vectors, identification of 
the structural shocks and finally presentation of the results. The results ob- 
tained with our framework are presented first and then compared to the results 
obtained with other techniques commonly used in the literature. These com- 
parisons allow us to take a critical look at some of these techniques. ' The 

gTaphs of the impulse responses are in appendix H; variables' definitions and 
data sources are available in appendix G. Most computations are performed 

using MALCOLM 2.0 by Rocco Moscom' and own RATS procedures. ' 

14.1 Italy 

14.1.1 Variables 

Based on the theoretical model exposed in the previous chapter, the following 

variables are included: the real consumption wage, the total employment level, 

a solution, CEPR Report; Bentolila/Jimeno (1995), Regional unemployment persistence 
(Spain 1976-1994), FEDEA Working paper 95-09. These papers are mentioned as exam- 
ples, but there are numerous other papers on various aspects of Lhe Spanish labour market 
(not counting the papers of the Bank of Spain itself). 

3For convenience we concentrate on the impulse response functions and do not report in 
details all coefficients of the VECM estimation. These results are available from the author. 

'MALCOLM (MAximum Likelihood COintegration of Linear Models) is a menu driven 
RATS procedure for performing Maximum Likelihood cointegration analysis in a unified 
framework with univariate unit roots analysis and structural VAR analysis. We would like 
to thank Rocco Mosconi for providing us with a beta version of MALCONI and for his 

specific advises on the procedure. 
"We thank Anthony Garratt for his advice on how to compute (in RATS) a Blanchard 

and Quah type of decomposition. 
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Variable ADF pp Specif. c. v. p Break + c. v. Result 
Yt -2.14 -1-67 31, c, t -T-4-4 

- 
ý - non stat. 

'Ayt -7.18 -9.21 41F C, t 3T-44 - 
- 

Stat. 
Wt 0.24 0.22 117 C7 t 3.44 

- 
non stat. Awt 

Ut 
Z-ý Ut 
et 
Aet 

-13-68 
-3-37 
-5-72 
-0-18 
-4.27 

-13.68 
-3.80 
-14.12 
2.29 

-14.12 

C, t 
41, c, t 
21 
41 
41 

- 

-3-44 
-3.44 
-1-94 7-9-4 

-1.94 

-5.01 

-2-48 
-16.41 

92: 4, -3.6 

92: 4, -3.6 
92: 4, -3.6 

stat. 
stat. 
stat. 
non stat. 
stat. 

taxt 
. 
-2.38 -0-05 4 F, ct -3.44 non stat. 

Ataxt -3.55 -6.58 41, c -2.88 st at. 
Zt -8.06 -8-06 C, t -3.44 stat. 

Table 14.1: Tests for unit root(s) - Italy 

the unemployment rate, real GDP and the income tax rate (obtained as the 

level of income taxes divided by disposable income). A supplementary push 

variable is added: time lost in labour dispute (zt). The sample is 1960 to 1997 

and the data is quarterly. 

14.1.2 Tests for unit root(s) 

Table 14.1 reports test statistics from the augmented Dickey-Fuller test (ADF) 
7 

the Phillips-Perron test (PP) and the Perron test for structural break (P). All 

variables are in logarithms. The column "specif. " indicates the specification 

adopted for the ADF and PP tests (the best possible specification is chosen, 

based on the residual properties): I stands for lags, c for constant and t for 

trend. The column "c-v. " shows the critical values for the ADF and PP tests 

at the 5% significance level, and the column "break + c. v. "' shows the time 

of the break and the critical value for the P test at the 10% significance level. 

As can be seen from table 14.1, except zt and ut all variables are I(I). 

The tests for the unemployment rate are very sensitive to the model spec- 

ification, and choosing another specification can produce evidence of a unit 
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root. Moreover, the original series (not in logarithms) is found to be non sta- 
tionary. Looking at the graph of the unemployment rate (Figure H. 4 two 

serious breaks can be noticed in 1973 and 1992, which undoubtedly challenge 
the result of the tests. The first break in 1973, although impressive by its 
magnitude, is perfectly "normal" and is due to an exceptional recovery of the 
Italian economy. After a period of stagnation lasting from the beginning of 
1970 to mid 1972, a brisk and vigorous recovery began in autumn 1972 led by 

a revived domestic demand. Unemployment increased up to April 1973 and 
then declined until July 1974, thus reflecting the time lag between a recovery 
in activity and a recovery in employment. ' On the other hand, the second 
break is due to a change in the data collection methodology, which caused the 

unemployment rate to fall from 11.2% in the third quarter of 1992 to 9.5% in 

the fourth quarter. According to the previous definition, the unemployment 

rate jumped in effect by nearly two percentage points to 13.1% between the 

first and the fourth quarter of 1992. This new methodology was introduced by 

ISTAT in October 1992 and was primarily motivated by EC directives. It did 

not only affect the unemployment series, but also the employment and labour 

force series. It is clear that this aTtificial break is very disturbing, and could 

disrupt the results. It is taken into account in the VAR by introducing a spike 

dummy taking the value I in the fourth quarter of 1992 and 0 otherwise. This 

approach is adopted so as to leave the data as unaffected as possible. However, 

note that if a new "smoothed" series for unemployment is created, i. e. if the 

break Ln 1992 is removed, ' then this series is found to be non-stationary. 

60ECD Economic Survey, Italy, 1975. 
7 The new "smoothed" series is created by estimating the following equation: ut = Ce + 

trend -6- dummy92_4 + Et and then defining usmooth as: usmootht -- ut +6- dummy92_4 
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14.1.3 Test for cointegration 

Before reporting the results of the cointegration test, we would like to draw the 
attention of the reader to the problem associated with the unemployment rate. 
In the previous subsection, the unit root tests seemed to reject the presence 
of a unit root in the unemployment series. However, the results were very 
inconclusive and we are not convinced, in this context, of the unbiasedness 
of the tests. We believe that the poor quality of the Italian unemployment 
series is responsible for this result. Moreover, at an earlier stage of this study, 
non cointegrated VARs were estimated, where 1(1) variables entered in first 

differences and ut either in levels or in first differences. The case where ut was 
treated as 1(0) hardly gave any meaningful results; when treated as 1(1) the 
VAR would yield more sensible results. Consequently, we decided to include 

the unemployment rate in the set of endogenous variables and not to treat it 

as an exogenous 1(0) variable. Note that even if one believes that ut is in fact 

-1(0) in this sample, then allowing it to enter the cointegration analysis does 

not in any way bias the results. 

Remember that before testing for the cointegoration rank we must separate 

the variables into endogenous and exogenous. This study is interested in how 

labour market variables react to shocks. Consequently, we would prefer to have 

wt, et and ut as endogenous and to let yt and taxt be exogenous. Tl--Lis model is 

postulated here and tested in the next subsection (test for weak exogeneity)8. 

To summarise, the model contains: 

o3 endogenous I(I) variables: wt, et and ut. 

o2 exogenous I(I) variables: yt and taxt. 

2 exogenous 1(0) variables: zt and a spike dummy for the fourth quarter 

of 1992 (see subsection 14.1-2). 

8Appendix E provides a justification of this approach. 
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Based on the residuals' analysis five lags are needed for the VAR. For the 
Johansen test five possible specifications of the deterministic part (constant 

and trend) are considered: 

1. no constant, no trend 

2. restricted constant, no trend 

3. unrestricted constant, no trend, 

unrestricted constant, restricted trend 

5. unrestricted constant, unrestricted trend 

The cointegration rank is chosen based on the trace statistic at the 5% 

significance level. 

Specification 1 2 3 4 5 
Rank 2 2 2 

-1 
0 

Table 14.2: Test for cointegration - Italy 

The Johansen methodology has the inconvenient feature that we can only 

be sure to select the correct number of cointegrating vectors, if we correctly 

specified the deterministic part. At the same time, we can only test for the 

best specification gWen the number of cointegrating vectors. The circularity 

is obvious. In our case we solve the problem by fixing the rank to two (as we 

would like to identify our wage and employment equations, equations (13.8) 

and (13.5)), and then choosing between the first three specifications. Specifi- 

cation one, two and three give a maximised log-likelihood value of respectively 

1126.77 1127.7 and 1127.8. Thus the third specification is selected. 
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14.1.4 Test for weak exogeneity 

In the previous subsection yt and taxt were assumed to be exogenous, this 
assumption is tested here. For this purpose, the following model is estimated: 

o enclogenous variables: wt, et, ut, yt and taxt. 

* exogenous 1(0) variables: zt and a spike dununy for the fourth quarter 
of 1992. 

cointegration rank: 2. 

o lag length: 5. 

o deterministic component: unrestricted constant, no trend. 

We then test if we can restrict both adjustment parameters (at's) to be 

zero in the equations for yt and taxt. 

Log-Likelihood under HO 1326-66 
Log-Likelihood under H, (at, s-- 0) 1324-53 
Degrees of &eedom 4 
LRt (11 t 4.27 
Significance level 0.37 

Table 14.3: Test for weak exogeneity - Italy 

Table 14.3 shows that the hypothesis that the cointegrating vectors do not 

enter the equations for yt and taxt cannot be rejected and therefore relying on 

Theorem 8.1 in Johansen (1995), these variables can be treated as exogenous. 

14.1.5 Identification of the cointegrating vectors 

Chapter 12 showed that cointegrating vectors are not unique and need to be 

identified. We are trying to recover the two theoretical relationships (13.8) 
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and (13-5). For this purpose, we start by imposing just-identifying restrictions 
on the two cointegrating vectors, namely the exclusion restrictions (tv%-o in 
each vector). If with these restrictions only, we find that the variables are 
correctly signed (i. e. follow the theoretical predictions), we stop; otherwise we 
impose one additional over-' dentifying restriction at the time until all signs 
are meaningful. For Italy, over-identifying restrictions are necessary. The 
following two relationships are obtained: 

wt = -1-75 - ut + 0.2 - tax (14.1) 

et = -0.1 - wt + 0.9 - Yt 

Log-likelihood under HO 1673.41 
Log-likelihood under H, 1679.66 
Degrees of freedom 6 
LR test 12-51 
Significance level J -0.052 11 

Table 14.4: Identification of the cointegrating vectors: LR test - Italy 

Table 14.4 reports the results of the LR test (12.31) and shows that equa- 

tions (14.1) and (14.2) cannot be rejected; Le. these two equations are sup- 

ported by the data. Chapter 13 provides an extensive theoretical justification 

for these two equations. All coefficients have the right sign. Hence, the rela- 0 
tionships are economically meaningful and will permit a structural interpre- 

tation of the results. Since all variables are in logarithms, it is very tempting 

to interpret these coefficients as elasticities. However, this interpretation is 

invalid since a shock to one variable implies a shock to all variables in the 

long run, and hence the coefficients do not in general allow a cetens panbus 
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interpretation. 9 

The VECNI is then estimated with these two vectors. Both enter the 
equations for each endogenous variable (we tried to restrict some a's to be 
zero, but all restrictions were rejected). The identification of the structural 
shocks is the topic of the next subsection. 

14.1.6 Identification of the structural shocks 

-Following our framework, the structural shocks are identified using an AB 

structural decomposition, where the A matrix is the identity matrix and in- 
significant bij coefficients in the B matrix are restricted to zero. In matrix 
form: 

C-wt bww bwe bwu Cwt 

e-et bew bee beu Eet 

eut buw bue buu Cut 

Note that the diagonal elements cannot be equal to zero. Considering only the 

significant coefficients, the following expressions are obtained for the reduced- 

form residuals (the corresponding t-statistics are given in parenthesis): 

0.021 0.0037 
ewt Ewt + 

(17.5) (2.22) 

0.01 

e-et Eet 

(16.67) 

'Johansen (1995), p. 50. 

. Eet 
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0.046 
eut Eut 

(17-03) 

The next subsection reports results obtained with this identification method 
and compares these results with those obtained with other identification pro- 

cedures used in the literature, such as: 

e Generalised impulse responses. 

e Orthogonal impulse responses. 

o Choleski decomposition. 

9 Blanchard and Quah decomposition. 

This enables us to determine if the chosen identification method (and the 

imposed restrictions) has an impact on the responses. To perform the Blan- 

chard and Quah decomposition three long-run constraints need to be speci- 

fied. These constraints are identical for the three countries and are therefore 

only presented here. We impose similar restrictions as Dolado/Lopez-Salido 

(1996): 'o 

A(w - P) cil(l) 00 Ew 

Ae C21 C22 (1) 0 

Au C31 C32 C33 EU 

IODolado/Lopez-Salido (1996) work with GDP instead of employment, but this should not 

alter the results much. Moreover, we tried different sets of restrictions and chose the one 

which yielded the most sensible results (the one above), so as not to bias the comparisons in 
favour of our identification procedure compared to the Blanchard and Quah decomposition 

in any way. 
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14.1.7 Results 

Figures H. 10 to H. 14 
This subsection first analyses the impulse responses obtained with our 

framework (AB structural decomposition) and then compares these results 
with some of the responses found using other identification techniques. As 

will be seen later with France and Germany, the different procedures do not 
always relate to each other in the same way. In fact, Italy is probably the least 

interesting" country in this respect, as the responses are surprisingly similar 

across methods. This is far from being the case in the other two countries. 

AB structural decornposition 

9 Wages: We expect wages to rise following a wage and an employment 
disturbance, and to fall after a shock to unemployment. This is indeed 

what we observe. Disregarding the oscillations, the variables adjust to 

their new steady-state values after five to seven years. " It is interesting 

to note that real wages fall within a year following the unemployment 

shock. This seems to contradict any prediction of real wage stickiness, 

and also of nominal wage stickiness as it is unlikely that the adjustment 

is coming from the prices (why would prices rise following a shock to 

unemployment? ). Note lastly, that the long-term response of wt to et is 

not significantly different from zero. 

* Employment: We expect to see employment rising after an employment 

shock, and falling following a shock to wages or unemployment. The -"re- 

sponse of employment to employment" is correct, however employment 

I'These oscillations (which are even more substantial for employment should not be 

conferred with any economic meaning. They disappear if we estimate the VECM with a 

shorter lag length, but since in this case the residuals are not white-noise we did not choose 

this approach. We believe that these arise due to the poor quality of the Italian data. They 

do not appear (or to a much lesser extent) in the other countries. 
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tends to stabilise at a higher level after an unemployment shock. Look- 
ing more closely at thi ZD is result, it may not necessaril-,; be contradictory. .1 If the unemployment shock is taken to be an increase in labour suppl , y. 
then firms may choose to employ more people at a lower wage level. 
This argument is in harmony with the "response of wage to unemploy- 
ment" , which shows a durable fall in wages following an unemployment 
shock. We cannot reconcile the "response of employment to wage" with 
a traditional labour demand interpretation. By higher wages firms would 
normally reduce their demand for laboux. However, if we think of the 

shock itself being a rise in labour demand, then this would lead to higher 

employment. Lastly, note the very wide confidence interval for the re- 

sponse of et to ut, which prevents any precise interpretation. 

Unemployment: Unemployment is expected to rise following a shock to 

itself, and to fall after an employment disturbance; which is what is 

observed. We saw above that the "response of employment to wage" is 

only sensible if we interpret the positive wage shock as an increase in 

labour demand. To be consistent we stick to this interpretation, and 

see that the fall in unemployment following a positive shock to wages is 

therefore justified. The durable response of unemployment to a shock 

to itself can be considered as positive, as the confidence interval only 

marginally includes zero. However, from a policy point of view, it is very 

interesting to note that after four years already the confidence interval 

crosses the zero line, implying that unemployment could potentially be 

back to its pre-level shock. 

To conclude, all nine impulse responses are economically sensible. Note 

however, that their interpretation can differ dramatically depending on the 

meaning attributed to the shocks. We now compare our results with the ones 

obtained with other techniques. 
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Comparisons with other identification methods 

OTýhogonal impulseT-esponses and Choleski decompositzon: The responses 

are strikingly similar. The only minor d1fference is that wages tend to 

stabilise at a slightly higher level after an employment shock, when using 
the AB structural decomposition. This means that imposing an ordering 

on the variables (Choleski), treating them all as exogenous to each other 
(orthogonal) or allowing for one cross- coefficient (b,,, ) to be significant 
(AB) seem to yield identical results. This may be an indication that the 

variables are in reality more or less exogenous to each other. 

Generaltsed impulse responses: A few responses are very similar, but 

let us highlight here the divergence between these two techniques. At 

first sight the response of et to ut may look dramatically different, the 

generalised impulse response predicting a durable fall in unemployment 

and the AB decomposition a permanent rise. Yet, we already mentioned 

the wide confidence interval around the response of et to ut in the AB 

decomposition, and we can see that the generalised response is in fact 

contained in this interval. On the other hand, the responses of wage 

diverge slightly more between the two procedures. The "response of 

wage to unemployment" exhibits both a different shape and permanent 

effect, and the "response of wage to wage" also takes another shape (but 

the durable impact is similar). Lastly, note that the generalised impulse 

responses stabilise more quickly than their orthogonalised counterparts. 

This is a result common to all countries, and therefore appears to be 

driven by the identification procedure as opposed to being a property of 

the data. 

Blanchard and Quah decoMP08ihon (hereafter BQ): BQ imposes long- 

run restrictions on the responses of wt to et, wt to ut, and et to ut. The 
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response of et to ut is not very different across the two techniques. due 

to the fact that even with the AB decomposition no significant durable 

effect on unemployment was found. The "response of wage to employ- 

ment" does not look very dissimilar, but it is important to stress that 

none of the other techniques found that wages fell in the short-term. The 

long-run constraint seems to induce this as an undesirable side-effect. and 

we will see that this result is common to all countries. Whenever the 

Blanchard and Quah restrictions are imposed, strange patterns arise in 
the short-term behaviour of the variables. Lastly, the response of wt to 

ut is very different. BQ imposes a long-run constraint which is clearly 

rejected by the data, as we observed a significant negative durable effect 

on wt in the unconstrained case. 

14.2 France 

14.2.1 Variables 

Based on the theoretical model, the following five variables are included: the 

real wage, the employment level, the unemployment rate, real GDP and the 

income tax burden on households (in per cent). The sample is 1970 to 1997 

and the data is quarterly. 

14.2.2 Tests for unit root (s) 

Table 14.5 reports test statistics from the augmented Dickey-Fuller test (ADF), 

the Phillips-Perron test (PP) and the Perron test for structural break (P). All 

variables are in logarithms. The column "specif. " indicates the specification 

adopted for the ADF and PP test (the best possible specification is chosen. 

based on the residual properties): I stands for lags, c for constant and t for 
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Variable 
yt 
Ayt 

ADF 

-2.56 
-5.25 

PP 

-2-77 
-8-87 

Specif 
21, c, t 
21, c., t 

c. v. 
-ý 4-5 

-3.4-5 

P 

- 

Break + c. v. I Result 

non stat. 
stat. 

Wt -4-69 -8-59 41, c 
- - 2. ý9_ 

-- 
80: 4, -3-63 non stat. 

'Awt 
Ut 

-10.64 
-3-89 

-10-92 
-3.96 

C, t 
41, c 

-T45 
-2.89 

-711.58 

-2.04 

80: 4, -3.63 
714: 3, -3.57 

stat. 
non stat. 

Aut -6-00 -4-94 31, -3.4 _5 7.19 7'4: 3,4.57 stat. 
e, t -2-63 -2.85 41, C) t -3.45 nonstat. 
Aet -4.42 -8-07 41, c -2.89 stat. 
taxt -2.74 -3.24 ' 

21, C, t -3.4-5 non stat. 
Ataxt -8-89 -14.12 21, c -2.89 stat. 

Table 14.5: Tests for unit root(s) - France 

trend. The column "c. v. " shows the critical values for the ADF and PP tests 

at a 5% significance level, and the column "break + c. v. " shows the time of 

the break and the critical value for the P test at a 10% significance level. 

The obtained results are quite striking. Real GDP is I(l) as expected, 

however, testing real wages and unemployment, the Dickey-Fuller and Phillips- 

Perron tests find them I(l) over their full existing sample (1960-1997), but 

surprisingly diagnose them as stationary over the estimation sample (1970- 

12 1997). Examining their graphs, it is not clear why real wages and unemploy- 

ment should be 1(0) when considering the shorter sample. These results also 

contradict. most empirical studies. However, looking closer at the graphs we see 

that both series actually show a break. These breaks, along with the shorter 

sample size, could be responsible for a loss of power of the Dickey-Fuller and 

Phillips-Perron tests and therefore induce biased results. 

The break in the unemployment series occurs at the end of 1974, when un- 

employment suddenly experiences an unprecedented increase of two percent- 

age points within a year, and then starts rising almost uninterruptedly. This 

augmentation in unemployment is a direct consequence of the first oil price 

12taxt is only available from 1970. 
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shock and is conunon to most OECD countries. A Perron test is therefore per- 
formed to account for this structural change. It reveals that when considering 
this break, the unemployment series is in fact found non-stationary. 

A similar problem arises when testing the real wage series for a unit root. 
The graph signals a change in drift at the beginning of the eighties. This is a 

consequence of the deep recession that hit France just after -Witterand came 
into power, and which resulted in deflationary pressures. A Perron test is 

performed to allow for this change in trend, and real wages are found to be 

I(I). Since the Perron test is the only valid procedure to test for a unit root 
in the presence of a structural break, we stick to its outcomes and treat real 

wages and unemployment as I(I). Lastly, employment and tax burden are 

clearly found I(I). 

14.2.3 Test for cointegration 

Following the same approach as for Italy, the three labour market variables are 

treated as endogenous, and the following model is used to test for cointegration: 

o3 endogenous I(I) variables: wt, et and ut. 

4o 2 exogenous I(I) variables: yt and taxt. 

93 exogenous 1(0) variables: a spike and a step dununy for the third 

quarter of 1974, and a step dummy for the fourth quarter of 1980. 

Dununies have to be introduced to account for the breaks occurring in the 

real wage and unemployment series. Four lags guarantee white-noise residuals. 

The results of the Johansen test for the cointegration rank based on the trace 

statistic are as follows (5% significance level): 

To be able to identify the two theoretical relationships a cointegration rank 

of two is chosen. We are left with specifications two and three, which yield a 
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Specification 1 2 3 5 
Rank 1 2 2 0 

E 
Table 14-6: Test for cointegration - France 

maximised log-likelihood value of 1141,5 and 1141,8 respectively. Hence, these 

statistics speak marginally in favour of a VAR with unrestricted constant and 

no trend. 

14.2.4 Test for weak exogeneity 

We verify here that yt and taxt can be treated as exogenous. The model is as 
follows: 

o enclogenous variables: wt, et, ut, yt and taxt. 

o exogenous 1(0) variables: a spike and a step durniny for the third quarter 

of 1974, and a step dummy for the fourth quarter of 1980. 

fo cointegration rank: 2. 

o lag length: 4. 

deterministic component: unrestricted constant, no trend. 

We test if both adjustment parameters (at's) can be constrained to zero 

in the equations for yt and taxt. Table 14.7 shows the result of the LR test, 

which largely confirms the exogeneity of yt and taxt. 

Log-Likelihood under Ho 2448.73 
Log-Likelihood under H, (at's== 0) 2444.50 
Degrees of freedom 4 
LR test 8.47 
Significance level 0.08 

Table 14.7: Test for weak exogeneity - France 
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14.2.5 Identification of the cointegrating vectors 

As for Italy, over- identifying restrictions were necessary. The following two 

economic relationships are recovered: 

wt = -0.1 - ut + 0.44 - taxt 

et = -1.39 - wt + 0.55 - yt (14.4) 

Log-likelihood under HO 1585.82 
Log-likelihood under H, 1592.09 
Degrees of freedom 6 
LR test 12-54 
Significance level 0.051 

Table 14.8: Identification of the cointegrating vectors: LR test - France 

The LR test (table 14.8) ascertains that the restrictions are accepted by the 

data. Note that the wage responsiveness to unemployment is much smaller in 

France than it was in Italy. Labour demand reacts more strongly to variations 

in wages and the influence of output is weaker than in the Italian economy. 

14.2.6 Identification of the structural shocks 

Using the AB structural decomposition as suggested in chapter 13 (and as 

applied for Italy in the previous section) , no cross- coefficient is found to be 

significant. Consequently, the A and B matrices both reduce to the iden- 

tity matrix and the obtained impulse responses are identical to the orthogo- 

nal impulse responses, i. e. each variable is exogenous to the other variables. 

The reason no cross-coefficient is found significant, is that the reduced-form 

residuals are already almost uncorrelated with each other as seen from their 
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variance-covariance matrix: 

O'ww O-ew UuW 3.25.1 0-5 
-9-66.10-7 -2-67- 10-6 

awe aee (7ue -9-66. 10-7 5-47- 10-6 
-. 5-16 - 

10-6 

O'wu ý7eu O-uu -2-67. 
10-6 

-5-16- 
10-6 3.2 7.10-4 

As a means of comparison, the three other identification procedures are 
performed: Choleski, Blanchard and Quah (BQ) and generalised impulse re- 
sponses. For BQ the same long-run constraints are used as for Italy, namely 
unemployment shocks have no long-term effect on real wages or employment, 
and employment disturbances have no permanent impact on real wages. 

14.2.7 Results 

Figures H. 15 to H. 18 

AB structural decomposition 

e Wages: Real wages experience a long-term rise after a wage and an un- 

employment disturbance, and a fall after a shock to employment. The 

"response of wage to wage" is perfectly sensible: if an exogenous distur- 

bance occurs which increases wage pressures, then since wages are 1(1), b 

this shock will have a permanent effect on the level of wages. Note that 

real wages fall in the fourth quarter, which we also find for Germany and 

similarly in Italy where they drop in the fifth quarter (see subsections 

14-3.7 and 14-1.7). This may be a sign of prices suddenly over-reacting 

to the shock. The responses of wages to a shock in employment and 

unemployment are a priori count er-intuitive; we would normally expect 

the exact opposite pattern (a rise after an employment shock and a fall 

after an unemployment shock). However, these responses become logical 

if we assume an insider-outsider framework. A positive shock to employ- 
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ment increases the number of insiders and therefore eases wage pressures, 
resulting in a lower wage level. The reverse mechanism is true for an un- 
employment disturbance: after a positive shock to unemployment the 
number of insiders shrinks. Remember that insiders target the highest 

possible wage, which still ensures that they all remain employed. If the 
number of insiders diminishes (as after an unemployment shock) they can 
claim a higher wage, resulting in this positive durable effect shown by the 

impulse response. Wages do not return to their previous level, unless the 

number of insiders augments again, and this requires either a positive 

employment shock, or a negative unemployment or wage shock. The 

insider-outsider model could in reality approximate the French labour 

market fairly well. The degree of unionisation is not very high, but the 

coverage of the "conventions collectives de travail" (unions' conventions) 

throughout the economy is considerable. This -insider-outsider" expla- 

nation must however be relativised, since the permanent effects on wt 

of shocks to et and ut are not significantly different from zero. Never- 

theless, note Ithat the short-term response of wages to an unemployment 

disturbance is positive and significantly different from zero up to three 

years after the shock. 

Employment. The first response is self-explanatory: a higher wage level 

(resulting from a positive wage shock) depresses employment durably. 

This is a typical labour demand relationship: if wages rise, firms reduce 

their level of employment. Remember also the second cointegrating vec- 

tor (equation (14.4)), which highlighted this negative link between wages 

and employment. Employment rises in the short-term after an employ- 

ment shock, but it is not clear why it goes back to its pre-level shock in 

the long-term (the long-term effect is indeed not significantly different 

from zero). It is even more contradictory, when looking simultaneously 
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at the response of wages to an employment shock. We see that emplo ' v- 
ment rises at the same time when wages also rise, and falls again when 
wages seem to have stabilised at a lower level. This contradicts a labour 
demand interpretation. 13 Lastly, employment rises durably after an un- 
employment shock. If unemployment rises due to external reasons but 

the labour force remains constant, then employment by definition has to 
fall. If, on the other hand, we interpret the unemployment shock as an in- 

crease in labour force, then this may result in a higher employment level 

as observed here. Firms may choose to employ more people at a lower 

wage level. Note that, considering the wide confidence interval, wages 

may indeed fall in the long-term following an unemployment shock. As 

was the case for Italy, the employment responses show oscillations; this 

is probably because we used the level of employment and not its rate, 

and the former tend to fluctuate more. 

Unemployment. If unemployment is subject to a positive unemploy- 

ment shock, then this will have a lasting adverse effect on its level. If 

on the other hand a positive disturbance to employment occurs, then 

unemployment falls durably. We can for example think of a positive 

aggregate demand shock: this will increase employment and decrease 

unemployment, and since both can be approximated by a random walk, 

this positive shock will affect them permanently. Lastly, unemployment 

rises following a wage shock and even if this response seems perfectly sen- 

sible, it is worth thinking about its meaning carefully. If the wage shock 

is interpreted as a labour demand shock, then unemployment should fall. 

By opposition, if we assume that the shock represents in fact a higher 

wage pressure (from unions and/or insiders), then this would normally 

13 Remember however, that the wage responses could only be interpreted within an insider- 

outsider framework. 
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result in a rise in the jobless rate as observed here. Note that both sce- 
narios could be "possible" since two years after the disturbance already. 
the response of unemployment is not significantly different from zero. 

The impulse responses are sensible and very close to the ones obtained for 
Italy, with the exception of the wage response to an unemployment shock and 
of the unemployment response to a wage shock. The analysis also showed that 

the meaning attributed to the shocks is crucial for the interpretation of the 

impulse responses. It is surprising that even after ten years the variables do 

not seem to have stabilised yet. Only for France do we find that responses do 

not converge after such a length of time. 

Comparisons with other identification methods 

e Choleski decomposition: Using the Choleski decomposition in this case 
does not produce very different results, since the residuals are almost 

uncorrelated with each other. 

e Generahsed impulse responses: The responses obtained with this method 

are similar, both in terms of their shapes and permanent effects. How- 

ever, three responses exhibit a different long-term impact: the "response 

of employment to wage", the "response of wage to employment" and 

the "response of employment to unemployment". The main divergence 

between the two techniques however, is the speed of adjustment. While 

the responses obtained with the AB decomposition do not seem to be 

perfectly stabillsed after ten years, the generalised responses converge to 

their new steady-state within three to nine years. " In all three countries 

variables seem to adjust to shocks more quickly when using the gener- 

alised approach. This is an interesting observation: variables seem to 

"The "response of employment to employment" takes the longest to adjust. 
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adapt faster to system-wide shocks than to specific orthogonal shocks. 
In other words, wages stabilise more quickly after a shock 'vvhich is a 
combination of three disturbances (wage, employment and unemploy- 
ment), than to a pure wage shock. This does not help in opting for one 
approach or another, but shows that practical implications drawn from 

this type of analysis can be quite different depending on the technique 

chosen. 

o Blanchard and Quah decomposZhon: BQ imposes long-run constraints 
on three responses. 15 As opposed to the AB decomposition case, these 

three responses will now converge to zero in the long-run. These restric- 
tions should not in fact constrain the data much, since already in the 

AB decomposition, two of the three responses concerned were not signif- 

icantly different from zero in the long-run. Yet, this does not turn out to 

be the case. The imposed restrictions have a big impact, affecting even 

the short-term behaviour of the variables. It is not only very different 

from the AB responses, but from the responses obtained with all other 

identification procedures. Wages fall in response to an employment and 

unemployment disturbance, while other techniques show a rise; employ- 

ment increases with BQ following a shock to unemployment but falls 

with the other procedures. To conclude, BQ appears to produce very 

different results from the ones obtained with other techniques. (We will 

see that this will also be true for Germany). In these circumstances, it 

is hard to believe that BQ's responses are truly driven by the data and 

not by the imposed (and untested) restrictions. 

15The responses of wage to employment, wage to unemployment and employment to 

unemployment. 
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arable ADF PP Specif. c. v. P Break + c. v. Result 
Wt 
Awt 

-1-81 
-3-83 

-1-73 
-9.73 

11, C, t 
31, c 

-3-44 
-2-88 

-2.6 91: 1., - 3.46 noTi stat. 
stat. 

Ut -2.89 -1-87 11, C, t -3-44 -2.96 92: 1, -3-35 non stat. Aut -5.88 
- -5-88 

- - - - stat. 
et T 68 7 1 . 38 111, -Ct 

-3-44 -2.73 90: 11 -3.4 nonstat. Aet -3-34 
_ _-9-05 

41, c -2.88 stat. 
kt -2-92 -2-85 41, C1 t -3-44 -2.28 90: 3, -3.4 nonstat. 
, Akt -7-89 -7-89 C, t -3.44 stat. 
taxt -2-25 -2-25 c -2.88 -1.7- 1 -91: 1, -3-38 non stat. 
Ataxt -12.31 -12.31_ C, t -3.44 stat. 

Table 14.9: Tests for unit roots - Germany 

14.3 Germany 

14.3.1 Variables 

The VECM is estimated with the five variables included in the theoretical 

model: real wages, the level of employment, the unemployment rate, the level 

of capital stock and the income tax rate (obtained as the level of taxes divided 

by disposable income). Remember that for Germany the relevant employment 

equation is (13.6) and not (13.5), therefore justifying the presence of capital 

instead of output. The reason another model is used here, is because when 

including yt instead of kt, the cointegration rank among the variables was one. 

However, to make our analysis as comparable as possible across countries, we 

need to recover both a labour demand and a wage equation. When including kt 

we obtain two cointegrating vectors, which therefore allows us to identify both 

structural equations. The data is quarterly and the sample goes from 1962 first 

quarter to 1994 second quarter, therefore including post-reunification data. 
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14.3.2 Tests for unit root (s) 

Table 14.9 reports results from the augmented Dickey-Fuller test (ADF), the 
Phillips-Perron test (PP) and the Perron test for structural break (P). All 

variables are in logarithms. The column "specif. " indicates the specification 
adopted for the ADF and PP test (the best possible specification is chosen, 
based on the residual properties): I stands for lags, c for constant and t for 

trend. The column "c. v. " shows the critical values for the ADF and PP tests 

at a 5% significance level, and the column "break + c. v. " shows the time of 
the break and the critical value for the P test at a 10% significance level. 

Although we expected to encounter some problems with German data due 

to the reunification, the results of the tests are clear-cut and uniform. All vari- 

ables are found to be I(I), independently of the test used. Even if occurring 

at slightly different points in time, 16 the structural break present in all series 

is of course the result of the reunification of East and West Germany. The 

rise in unemployment takes place at the latest in 1992. The reason is that the 

reunification induced a massive 30% rise in labour force between the end of 

1989 and the end of 1991, which led, with a lag, to the increase in unemploy- 

ment. Note however, that this upsurge in unemployment is approximately of 

the same magnitude as the previous ones caused by the two oil price shocks. 

14.3.3 Test for cointegration 

Once again the variables are split into two sets: endogenous versus exogenous 

variables and the following model is tested: 

o3 enclogenous I(I) variables: wt, et and ut. 

o exogenous I(I) variables: kt and taxt. 

16Varying between 1990: 1 and 1992: 1 
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91 exogenous 1(0) variable: a spike dunu-ny for the first quarter of 1991. 

The results of the Johansen test based on the trace statistic (5% significance 
level) for a fourth-order VAR are as follows: 

Specification 1- 1 2- F-3 1 4 15 
Rank -11 -1 

Table 14.10: Test for cointegration - Germany 

Since both structural equations need to be identified, specification four is 

chosen. 

14-3.4 Test for weak exogeneity 

We now verify that kt and taxt can indeed be treated as exogenous, by testing 

if both adjustment parameters are zero in the equations for kt and taxt. The 

model takes the familiar form: 

9 enclogenous variables: wt, et, ut, kt and taxt. 

* exogenous, 1(0) variables: a spike dununy for the first quarter of 1991. 

e cointegration rank: 2. 

o lag length: 4. 

e deterministic component: unrestricted constant, restricted trend. 

As can be seen from table 14.11 the weak exogeneity of k, and taxt is 

rejected. However, when testing simultaneously for weak exogeneity and 

Granger causality (i. e. testing that the endogenous variables do not Granger 

cause kt and taxt) we find that this combined hypothesis is accepted by the 

data. The LR test is 24 and the significance level is 9%. Therefore, and to 

ensure the comparability of our results, we treat kt and taxt as exogenous in 

oux system. 
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14.3.5 

Log-Likelihood under Ho 
- 

896. -79 
Log- L ikeliho ý; dunder H, (at's= 0) 3-8561 

- Degrees of freedom 4 
LR test 22.21 
Significance level 0.00 

Table 14.11: Test for weak exogeneity - Germany 

Identification of the cointegrating vectors 

As for Italy, over- identifying restrictions were necessary. The following two 

economic relationships are recovered: 

wt = -0.325 - ut + 0.5795 - taxt + 4.469 - 
10-4 - trendt 

et = -0.2937 - wt + 0.3693 - kt 

(14.5) 

(14.6) 

and are supported by the data as confirmed by the LR test in table 14.12. 

Log-likelihood under HO 1581.62 
Log-likelihood under H, 1588-63 
Degrees of freedom 8 
LR test 14.01 
Significance level 0.081 

Table 14.12: Identification of the cointegrating vectors: LR test - Germany 

Due to the chosen specification (unrestricted constant, restricted trend), a 

trend is included in the cointegrating vectors. It can be restricted to zero in 

the employment equation, but not in the wage equation. In the latter it can 

be interpreted as a productivity trend. Note that its coefficient is very small, 

and that it therefore only exerts a marginal impact on wages. 17 

17The real wage index goes from 1.04 in 1962: 1 to 3.33 in 1994: 2; if we added this trend 

component it would go from 1.04 to 3.53. Hence, the final observation would only be 6% 

higher with the trend in, compared to the case where it could be restricted to zero. 
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14-3.6 Identification of the structural shocks 
The AB structural decomposition is slightly more complicated for Germany, 
than it was for the other two countries. As compared to Italy and France, 
the reduced-form residuals are more highly correlated with each other and 
therefore, many cross- coefficients (bij) are significant. The t- statistics for the 
various coefficients are reported here (coefficient estimates are not of primary 
interest here): 18 

bil - 
b12' bl3* 

e,, t (15-87) Ewt + 
(0-8) Eet + 

(5.94) Cut 

b2l' b22* b23' 

e-et 
(0-68) Ewt + 

(15-87) 
Eet+ 

(2.77) Eut 

b3l' b32* b33* 

(5.94) 6wt + 
(2.8) 

6et + 

(15-87) Eut 

Only two coefficients are insignificant: (b12, b2l). However, to identify the 

model three restrictions need to be imposed. Hence, we would be tempted 

to remove the coefficient with the smallest t-statistic: b23. However, this is 

not possible because with these three restrictions (b12 = b2l = b23 = 0) the 

matrix B is not invertible. We know that bil, b22 and b33 cannot be set to 

zero, furthermore we restrict b12 and b2l to be equal to zero as these are clearly 

found insignificant. For the matrix B to be invertible, its determinant must 

be different from zero: 

'8Note that we cannot estimate all coefficients at once since the model would be under- 
identified. Two different sets of restrictions are used to obtain a t-statistic for all coefficients. 
We then check with other sets of restrictions that these t-statistics are robust. 
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blib22b33 
- bilb23b32 + bl2b23b3l 

- 
bl2b2lb33 + bl3b, )lb32 - DetIBI= 

== I bll= I=0 -= 0 -= 
bl3b22b3l 

=ýý 0 
b92 

,I. which implies that the following condition must, ue met: 

(b23 or b32) and (bl3 or b3l) :: -- 0 

This leaves four possible identification cases, which we tried and compared. 
We find that the responses to employment disturbances are very similar in 
the four cases. The responses to shocks in unemployment and wages can be 

divided into two groups: 

e b32= b3l= 0 and b23= b3l =0 

o b32= bl3= 0 and b23= b13 =0 

Within these groups, the responses are almost identical. Between these 

groups, only the responses to an unemployment shock diverge slightly. The 

shape of the responses is similar, but the long-term effect is sometimes differ- 

ent. 

14.3.7 Results 

Figures H. 19 to H. 26 

AB structural decomposition 

As mentioned above, the four different cases for the AB structural decompo- 

sition yield broadly the same results. The only visible divergences are in the 
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permanent effects following an unemployment shock. However, note that none 
of the long-run responses to an unemployment shock are found to be signifi- 
cantly different from zero in any of the four identification cases. Consequently. 

we do not need to interpret each decomposition separately. 

Wages: Real wages are expected to rise following a wage and an em- 
ployment shock and to fall following an unemployment shock. Wages do 

indeed rise following a positive wage shock, since they are non-stationar-y. 
they then stabilise permanently at a significantly higher level than prior 
to the shock. Wages fall in the short-term after an unemployment shock, 
but rise again in the longer term (the resulting durable effect is how- 

ever not significantly different from zero); they fall after an employment 
disturbance. Both of these responses seem hard to interpret. The only 

plausible explanation is within an insider-outsider framework: if a higher 

unemployment level reduces the number of insiders, 9 then this will re- 

sult in higher wage pressures. On the other hand, if a larger employment 

pool implies more insiders, then this will have a dampening effect on wage 

claims. 

Employment: Employment is expected to decrease following a wage and 

an unemployment shock and to increase after an employment shock; 

which is what we observe. As mentioned for the other countries, al- 

though intuitively correct, it is not obvious why employment should fall 

after an unemployment shock. If the rise in unemployment is due to an 

augmentation of the labour supply (as was the case in Germany after 

the reunification), then employment does not necessarily have to fall. 

However, if unemployment is rising by constant labour force, then by 

definition employment has to decline. Note though, that employment 

"This is possible since we could expect unemployed to loose their insider status, at least 
four years after the shock, which corresponds to the time when wages rise again. 
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goes back to its pre-level shock in the loncy-term and that the permanent 0 
effect is therefore not significantly different from zero. 

Unemployment: Unemployment should rise after a shock to itself, and 
fall after an employment shock. We find that unemployment falls in the 

short term after an employment shock, but rises in the long-term and 

stabilises at a significantly higher level than prior to the disturbance. 

This does not seem sensible and we cannot interpret this response. Af- 

ter a shock to itself, unemployment rises in the first place but then goes 
back to its pre-level shock crossing the zero-line after three years only. 
This result is a potential good news for the German economy, since it 

implies that even if unemployment rises, by waiting long enough it will 

come down to its previous level again. The driving force susceptible to 

induce this behaviour is the error correction mechanism. In this model, 

unemployment is therefore capable of returning to its "pre-shock level" 
, 

without remaining too long at a higher rate. So why is this not observed 

in reality? Firstly, the economy is more complicated than our model, 

with opposing forces preventing unemployment from coming down. Sec- 

ondly, we are looking only at one adverse shock occurring in period 1; 

but in reality economies are hit by a sequence of adverse shocks. Clearly, 

if in period 2a second unemployment shock occurs when unemployment 

is already higher because of the first shock, then it may be that unem- 

ployment will either not be able to return to its original value, or will 

need a much longer time to do so. Lastly, it is not a priori evident, 

what we expect the response to a real wage shock to be. If this shock is 

interpreted as an increase in labour demand, then unemployment should 

fall. If, by opposition, this disturbance represents higher wage pressures, 

then unemployment should rise. We observe a fall, concordant with the 

first alternative. 
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Comparisons with other identification methods 

OTthogonal impulse 'resPonses: The orthogonal responses to employment 
shocks are similar to the responses obtained with the AB decomposi- 
tion. The orthogonal responses to wage shocks are identical to the AB 

responses when (b32 
= b3l 

=0) or when (b23 
= b3l 

= 0). Lastly, the 
orthogonal responses to unemployment shocks are s1milar to the AB re- 
sponses when (b32 

- b13 == 0) or when (b23 
= b13 =: 0)- We can explaw 

these results. Note that: 

- 
b32= b3l =0 implies that ut is exogenous to all other variables. 

- 
b23= b3l= 0 implies that et is exogenous to all other variables. 
b32 = b13 =0 implies that wt is exogenous to all other variables. 
b23 = b13= 0 implies that wt and et are exogenous to all other variables. 

In the orthogonal approach each variable is exogenous to the other vari- 

ables. Now, observe that the orthogonal "response of unemployment 
to wage" (which is the one for which we find the biggest divergence) is 

identical to the two AB cases, where wage is in fact also exogenous to 

the other variables. The speed of adjustment is comparable for unem- 

ployment, but employment and real wages adjust more quickly in the 

AB structural decomposition than in the orthogonal case. The shapes 

of the impulse responses are very similar under both approaches. 

* Generalised impulse responses: Both the permanent effects and the shapes 

of the responses are very different from the AB decomposition. The 

speed of adjustment is also much quicker for the generalised impulse re- 

sponses (approximately half the duration). It is not surprising to find 

such major differences between these two approaches. As we saw above, 

the reduced-form residuals are very much correlated with each other, 

hence orthogonalising them (as implied by the AB decomposition) will 

163 



alter the results considerably compared to the ggeneralised case where the 

residuals are taken directly from the VECM estimation. 

Blanchard and Quah decomposZhon: It is interesting to see in which 
respect imposing the long-term restrictions implied by BQ alters the 

results compared to our less restrictive orthogonalisation procedure. The 

answer is striking: all nine impulse responses look very different (both 

the shapes of the responses and the permanent effects). Concentrate 

first on the three restricted responses. 'O The AB responses of wage and 

employment to an unemployment shock seem to converge to zero in the 

long-run, and indeed are not significantly different from zero after three 

years already. Consequently, we would not expect to see much change 

by restnchng them to converge to zero in BQ. This does not turn out to 

be the case. Wages and employment both rise sharply in the short-run 

before they converge to zero (as constrained). BQ is the only procedure 

which produces such results, all other approaches find that wages and 

employment fall in the first place. This is a very peculiar result, even 

more considering that with our approach, or by simple orthogonalisation, 

we "naturally" found that an unemployment shock does not have a long- 

term impact on wages and employment. We believe that this is a dubious 

property of the identification technique, resulting from restrictions being 

imposed but not tested. This further rises our reservations about this 

identification technique and about its use to infer practical implications. 

The other impulse responses are also quite different and in many cases do 

not make economic sense. The speed of adjustment is also much quicker 

for BQ but again this could follow on from the imposed constraints. 

201, Response of wage to employment", "response of wage to unemployment" and "response 

of employment to unemployment"'. 
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14.4 Concluding remarks 

14.4.1 Cross-country comparisons 

It is surprising to see how similar results are across the three different economies. 
In two by two comparisons at least six out of nine responses are found sirm- 
lar. Moreover, the responses are well behaved and almost without exception 
fit with a textbook interpretation. France has two impulse responses which 
clearly differ from the ones obtained in Italy and Germany: the response of 

wt to ut and of ut to wt. In both cases we observe that the concerned variable 

rises in the long-term in France, while it falls in the other countries. However, 

both responses are in fact not significantly different from zero. The responses 

of et to wt is different in Italy, but here again it is not statistically significant. 
In summary, the responses are as follows: 

wt rises after a shock to itself, it falls after a shock to ut (with France 

being an exception) and it rises in the short-term after a shock to et (the 

long-term effect is not significant). 0 

et rises after a shock to itself and falls after a shock to wt (with Italy 

behaving differently). It rises after a shock to ut; we can justify this 

result if the shock to ut is interpreted as a rise in labour force. Note 

however, that this response is only found significant in France. 

o ut rises after a shock to itself and falls after a shock to et. It also falls 

after a shock to wt in Italy and Germany (remember that France was 

behaving differently). This result is only sensible if we interpret the wage 

shock as a labour demand shock as opposed to a wage pressure shock. 

This interpretation is consistent with the response of et to wt in Italy, 

but not in Germany. 
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As its high unemployment rate is a major concern for Europe, i; ve would 
like to stress an important feature of the unemployment response present in all 
three countries. Ten years after a shock to itself, the 95% confidence interval for 

the unemployment response crosses the zero line. This means that, contained 
in this interval, is the possibility that ten years after the shock, unemployment 
has come back to its pre-shock level. This is a reassuring result. Using a very 

simple model, the data says that unemployment is able to revert after a shock 

and will not necessarily remain high as observed recently in Europe. However, 

two points are worth mentioning: 

In our model the adjustment is brought about by the simple error- 

correction mechanism. In the real economy there may be opposing forces 

which slow down this process. Moreover, we only look at one adverse 

shock, but in reality shocks happen in sequences producing more extreme 

situations than the one pictured here. 

Even in this simple model, unemployment takes a long ten years to revert 

fully, therefore implying a very high persistence level. 

To conclude, note that the variables take approximately seven to eight 

years to stabilise at their new steady-state level. 

14.4.2 Forecast error variance decomposition (FEVD) 

Tables F. 1 to F. 3 

We do not want to add extra length to this study, but a few points in the 

FEVD are worth highlighting. The decomposition of wages is uniform across 

countries and reveals that wages are almost only influenced by themselves. 

The variance of employment is explained mostly by its own variations, and 

to a certain extent by movements in unemployment. A truly interesting re- 

sult however, is the divergent picture obtained for the unemployment variance 
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decomposition in the three countries. In France unemployment is explained 
almost only by its own variations, thus implying that the high and persistent 
level of unemployment cannot be blamed on higher wage pressures. On the 
other hand, and this is a marked difference, five years after the shock one 
third of the variance of Italian unemployment is explained by variations in 
real wages. Lastly, the variance decomposition of unemployment in Germany 

reveals that employment variations play a slightly larger role. This is inter- 

esting, as it may indicate that flows between employment and unemployment 
are more important in Germany than in the other two countries. 

To conclude, these results highlight that even if these three European coun- 
tries all face the same problem of high unemployment, its cause may not be 

identical for all of them. 

14.4.3 Methodological remarks 

In the introduction to this study we proposed to answer the question: to which 

extent impulse responses reported in the literature may have been induced 
by the imposed restrictions. Comparisons of the various techniques revealed 

interesting features. Surprisingly, the Choleski decomposition did not yield 

very different results from our decomposition. Even though Choleski has been 

criticised for its lack of economic justification, the results suggest that these 

problems may not always be so serious in practice. Note however that this 

conclusion does not necessarily apply to other models or datasets, and the 

researcher cannot be certain in all cases that the Choleski decomposition will 

yield economically meaningful results. 

The generalised impulse response approach does not impose any identifi- 

cation restriction, but rather works directly with the reduced form residuals. 

The theoretical discussion outlined arguments both in favour and against this 

method, and it is entirely up to the researcher to decide which are the facts 
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(s)he would like to investigate and to choose the adequate technique. If (s)he is 
interested in the responses of variables to system-wide shocks- then generalised 
impulse responses must be used; if on the other hand (s)he wants to inves- 
tigate the impact of specific shocks, then an orthogonalising procedure must 
be applied. The results show that generalised impulse responses diverge con- 
siderably from our responses when the reduced form residuals are very much 
correlated with each other. The differences are not so noticeable ,, N-hen the 

residuals are more or less uncorrelated. An important divergence however, is 
that generalised impulse responses seem to stabilise more quickly to their new 

steady-state values than orthogonalised responses. This is a result common 

to all three countries. We do not see any reason why variables should adjust 

faster to system-wide shocks than to specific shocks, and this feature has to 

be remembered when interpreting different impulse responses. 

Lastly, Blanchard and Quah is clearly questionable. Results obtained with 

BQ are different from all other techniques and many times not economically 

sensible. This is even more puzzling considering that the responses constrained 

by BQ to be zero in the long-term, were in most cases already found to be 

not significantly different from zero in the AB decomposition. Imposing these 

long-run constraints alters the results in a very doubtful way and care is rec- 

ommended when interpreting responses from such an analysis. 
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Chapter 15 

Conclusion 

This study applies a conditional VECM to investigate the impact of economic 

disturbances on the laboux market. The cointegrating vectors and the shocks 

are identified using structural testable restrictions. The contributions of this 

study are threefold: 

* firstly, it develops a framework which allows -Lis to identify "true" struc- 

tuxal shocks without imposing non-testable restrictions. 

secondly, it provides an answer to the following question: how do Euro- 

pean labour markets behave in response to shocks? 

e thirdly, it allows us to assess how various procedures used to identify 

VAR, s may influence the obtained results. 

With regard to the latter, we found that some identification techniques 

produced very doubtful results by restricting given responses without testing 

for the validity of these constraints. To then rely on the interpretation of such 

results seems risky. By opposition, the framework developed in this study 

ensures that the economic structure imposed on the VAR is supported by the 

data. 
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It is interesting to note that the French, German and Italian labour markets 

all respond very similarly to a wage, employment and unemployment shock. 
Note lastly that this study only analyses the effect on the French labour mar- 
ket 

, of a wage shock in France and similarly for the other shocks and countries. 
In other words, we only consider country-specific responses to count ry-s p ecific 

shocks. To draw some further conclusions, especially with respect to the sin- 

gle currency, it would be useful to assess the impact of EU-wide shocks on 

national labour markets. One way to do this would be to estimate a VAR 

with aggregated (at the EU level) variables, to recover '-EU shocks" and to 

then plug these shocks into several country-specific VMAs. To our knowledge 

this has not yet been done in the literature and could prove interesting both 

from an empirical as well as a methodological perspective. 
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Appendix A 

Study 1: Analytical derivations 

This appendix contains the derivation of the analytical expressions presented 

in chapters 5 and 6. 

A. I Stochastic endowment economy 

This section contains the full derivation of equation (5.10). Chapter 5 shows 

that Cov(8pread k7 Ck) =E (spread' - c'). The spread is given by equation (5-5): 
tttt 

spread 
k=ý [(Pk k(p - 1)] ln(ct) + 

02,3,2 
(1 

tk '- [k (I _ P2) P2k 
2k(l - p2) 

and can be rewritten as: 

spread kA- ln(ct) +B t 
(A. 1) 

o2 0' 2 

where A=0 [(, 
Ok k(p - 1)] and B=-u 2) 

[k(l _ P2) p2k)] 

k 2k(l -p 

The consumption growth rate is given by (5.7): 
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ck (pk 
_ 1) ln(Ct)+ 

k-1 

tkE )OýUt+k-j 
i=O 

and can be rewritten as: 

kC- In(ct) +I 
k-1 

tkE PjUt+k-j 

i=O 

where C 

Hence, 

k-1 
k. 

Ck) 
I 

E(spreadt 
t=E (A - In (ct) + B) C- li-l(ct) +kE PjUt+k-i 

j=o 

=E A-C-ln Ct)2 

k-I 

+B- 
I 

k-1 

+B-C- In(ct) +A- In(ct) 
k 

/ýUt+k-j 
kE )GýUt+k-j 

j j=o 

2 With ut - N(O, oru) and i. i. d., and E [ln (ct)] =0 (see (5-8)): 

2 

E(spread k. 
Ck) ==A - C. u tt (I - p2) 

or substituting back (A. 1): 

Cov(spread k7 
Ck) = E(spread k. 

Ck) tttt 
(pk 

(pk 2 

- 1) u 
k 

(p 1)] 
(1 - p2) 

which is equivalent to equation (5.10) reported in chapter 5. 
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A. 1.1 Endowment process with growth 

Here we demonstrate that the LIPTS is rejected even when consumpti is on 

assumed to be I(l) or in other words, when the following law of motion is 

assumed: 

ln(ct+, /ct) = pln(ct/ct-1) + Et+l 

where 
N 07 o' 2 and i. i. d. 

E 

Note that 

k 

ln(Ct+k/Ct) ln(Ct+i/Ct+i-1) 

and 

i-I 

ln(ct+i/ct+i-i) - p'ln(ct/ct-, )+ fý, Ft+i-j (A. 5) 

i=O 

Since the k-period interest rate is given by (4.8), we need to find an expression 

for Et ( '+) -0 
. 

Substituting (A. 5) in (A. 4), we can write: 
Ct 

kk i-1 

ln(Ct+k/Ct)=ý7] p'ln(ctlct-l)+ 
EE PýEt+i-j (A. 6) 

i=l i=i i=O 

Taking the exponential, raising to the power -0 and taking expectations 

yields: 
k 

ct 
pi 

Et 
(Lt-+k) 

c 
Et 

Ct -t-1 

k i-1 
2 

Since ý: -t is distributed normally with mean 0 and variance o-,, 
z=lj=O 
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pI .11 
02 

k i-I 
2j 

(T 
2 distributed normally with mean 0 and variance 1: 7p 

i=lj=o 
k i-I 

and therefore exp EE pjC-t+i-j is distributed lognormally with mean i=lj=o 
k i-I 

'1 
2 

102j (72 exp )0E. Hence, the above equation becomes: 
i=lj=o 

Et 
( Ct+k 

Ct 

which can be rewritten as: 

k 

ct Pi 

Ct-l 

k i-i 
102E 7 

, p2jo. ý 'i - 

k+l 
-0 ! ýý - 1) 102U2 2k+2 2 

Et 
Ct+k ) 

:=( 
Ct ) _o(1 1-p 

.e2E 

[k+ 

( 
Ct Ct- i 

Substituting this expression in (4.8) yields: 

k0 
(1 

_ pk+l 
_ 1) In 

( Ct o2 17 
2 o2 a2 (p2k+2 

_2 
rt In(o) +-6p kI-p Ct-l 2 2k (I 

- p2)T2 

The spread is therefore given by: 

p(l - pk) + kp(p - 1) Ct o2 0- 2 kp 4_ 2(k+l) 

spread 
k=0 In -+6P tI k(l - p) 

I (Ct-i ) 
2(l - p2)2 kI 

which can be rewritten as: 

k 
spreadt 

where A= 

A- In Ct +B 
(Ct-i ) 

rp(l - p') + kp(p 
k(l - 

1)] 
o2 o- 2 kp 4_ 

10 
2(k+1) 

and B=- 
2(1 - p2)2 

1 

Using (A. 6), the consumption growth rate can be expressed as: 
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/ 

k 
(Ct+klCt) I Ct pk+l 

k i-l 

ct =--= In In 
kk 

(Ct-i 

p+k t+i-j 
i=l j=o 

which can be rewritten as: 

k Ct 
ct C- In +k 

(Ct-i ) 

Z=l j=o 

where C 
pk+l 

kp 

Analogously to (5.8), E [In 
c 
ct 0. Hence 
t- 

Cov(spread k7 
Ck) E(spread k. 

Ck tttt 

A-C. Iil( ") +B-C-In ct 
E Ct-l 

(Ct-1) 

+A - In ct 
). 

-1 EE pýEt+j-j +B piEt+i-j 
(Ct-i 

k 
i=lj=o 

k 
i=lj=o 

With, Ft - N(O, or, ' and i. i. d., and E [In 0 (see (5-8)): 
Ct-l 

k o- 2 
Cov(spread Ck) =A. C__, t3t1- 

02 

For p (E [0; 1[ A is negative and C is positive, so that the above covariance is 

negative and the LIPTS is rejected. 
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A. 2 Stochastic endowment economy with per- 

fect foresight 

This section contains the full derivation of equation (6-7). Chapter 5 shows 

that Cov(spread k, Ck) = E(spread k. 
Ck) . The spread is given by equation (6-5): tttt 

spread 
k (, Ok k(, o - 1)] In(ct) +0 

k-1 

kk, 
/ýUt+k-j - OUt+l 

t-y 
j=o 

and can be rewritten as: 

k-I 
k 

spreadt S- ln(ct) + 
01: 

PjUt+k-i - OUt+l (A 
- 3) 

k 
j=o 

where S [(Pk k(p - 1)] 
k 

The consumption growth rate is given by (6.6): 

k-i 

ct k 
(p ln(ct)+ 

ý] 
PjUt+k-j 

i=O 

and can be rewritten as: 

k-I 

kQ- In(ct) + -E PýUt+k-j (A. 4) 
tk 

i=O 

where Q 

Hence, 
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E(spread k 
Ck) E [S -Q- ln(ct)'] +ES- In(ct) 

k-I 

ttkE /ýUt+k-j 

j=o 

+E 
k-1 

kE 
CýUt+k-j OUt+l (Q - ln(ct)) 

i=o 

+E 
k-1 k-I 

kE )OýUt+k-j - OUt+l 

k 
PjUt+k-j 

-( 
j=o i=O 

2 k-1 2 
Out+i k-I 

+O+O+E Eoj 
PI) 

T2 Ut+k-j 
k- 

E 
OjUt+k-j 

(j=o 

j=-o 

0- 21p 2k 
U+0.0- 20 k-I 

(7 
2 

p2) k2 p2 u kp u 

Substituting back and rearranging terms yields: 

k k) (Pk 
(pk 0- 2 

Cov (spread 
,c 

(P- 1) tt ýj 
- 

2) 

[k 
kP 

+P 
2k 

P k-I 

k 
(k(l 

- p2) 

This expression can be simplified to: 

k 
oa 2k- 2) 

(1 
7 Ck) _Iu p(l _ pk-2) pk)] Cov(spreadt t k( -p 

2) 

1(k 

which corresponds to equation (6.7). 
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A. 2.1 Analytical proof of the negativity of (6.7) 

OC 2k-2) 

Cov(spreadtk, ctk) 
k(1- 

u 
p2) 

IP(I 

_ Pk-2) _(k (I 
_ Pk) 

00' 2 

k2(j 
u 

p2) 
[kp(l _ pk-2) - (k - 2) (1 

_ pk)] 

2 
u 

2) 
[2(l _ pk) - k(l - p)(I +p k2(j 

-p 

2 2(l _ pk) 07 u2 u k(l + pk-1) _0 k2(j + p) - P) 

I 

k2(j + P)Qk 

9-k 
== 2(l +p+p2+... +p k-1) 

- k(l + pk-1) 

= 2(p+p 2+... +p k-2) 
- (k - 2)(1 + pk-1) 

Two cases arise: 

4p When k is even: k= 23' +2 

ý2k= 2(p+p 2+... +p 2j) 
_j 

(I + p2j+l) 

I 
2 (, Oi + p2j+l-i _ p2j+l 
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P2]'+l-i) 

9 When k is odd: k= 23 +I 

Qk = 2(p +p2+... + p2j, -1)- (2j _ 1) (1 + p2j) 

J-I 

2 (pi + p2j-i _ p2j +p 
2j* 

j-1 

-2 pi) (I 
_ p2j-i) P7)2 <0 
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Appendix B 

Study 1: Some empirical 

evidence 

Most empirical studies use nominal interest rates when studying the LIPTS. 
The main reason is because ex ante real rates are not observable, and comput- 

ing them requires a measure of expected inflation. The principal aim of this 

appendix is therefore to show that the evidence about the LIPTS also holds 

for real spreads. To be able to compare our results with an adequate bench- 

mark, we first reproduce the existing empirical evidence about the predictive 

power of nominal spreads, using our own data. We compute the correlations 
between nominal spreads and the corresponding real consumption and output 

growth rates. Then we report the same correlations, but this time using real 

spreads. Real rates are calculated as in Harvey (1988). They are defined as 

the difference between nominal rates and expected inflation rates. Expected 

inflation rates are obtained in the following way: We estimate an ARIMA 

model' for each k-period inflation rate for the sample 1960: 1 until 1969: 1 and 

then compute k-step-ahead forecasts for the expected k-period inflation rates. 

As new data is added to the sample, parameters are re-estimated and forecasts 

'The best specification is selected using the Q-statistic. 
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are obtained. We repeat this until the end of the sample. Le. 1998: 4. 

Table B. 1 shows the correlations between spreads of three different matti-ri- 
ties and the corresponding consumption and output growth rates (for example: 

row I shows the correlation of the 6-month spread with the 6-month consump- 
tion and output growth rates) - As can be seen, the LIPTS also holds for real 

spreads. The correlation coefficients are somewhat lower than for nominal 

spreads, but still largely reflect the fact that real spreads contain information 

about future economic activity. Data is described below. 

Real consumption growth rate Real output gro, \A, -th rate 
Nominal 6-month spread 0.36 0.34 
Nominal I-year spread 0.46 0.52 
Nominal 2-year spread 0.46 0.54 

Real 6-month spread 0.29 0.04 
Real 1-year spread 0.39 0.15 
Real 2-year spread 0.36 0.17 

Table B. 1: Predictive power of spreads for future real economic activity - 
Sample: 1970-1998 (Forecast period) 
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Data 

9 Consumption: US private consumption expenditure (volume index, stan- 
dardised), 1960: 1-1998: 4, OECD. 

* Output: US gross domestic product (volume index, standardised), 1960: 1- 

1998: 41 OECD. 

@ Price index: US consumer prices, 1960: 1-1998: 4, IMF. 

3-month interest rate: 3-month treasury bill rate, auction average, 1960: 1- 

1998: 4, Federal Reserve Economic Data, Federal Reserve Bank of St. 

Louis. 

e 6-month interest rate: 6-month treasury bill rate, auction average, 1960: 1- 

1998: 4, Federal Reserve Economic Data, Federal Reserve Bank of St. 

Louis. 

e I-year interest rate: 1-year treasury bill rate, auction average, 1964: 1- 

1998: 4, Federal Reserve Economic Data, Federal Reserve Bank of St. 

Lotus. 

9 2-year interest rate: 2-year treasury constant maturity rate, 1976: 2- 

1998: 4, Federal Reserve Economic Data, Federal Reserve Bank of St. 

Louis. 
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Appendix C 

Study 1: Tables 

In the following tables, columns stand for different maturities k. 

2 4 8 20 24 40 
Corr(spread k3 Ck) tt - - -0.2218 - -0.3064 -0.4123 -0.5690 -0.5969 -0.6608 Corr(sprea2' t7, ut) 

- 
0.3128 0.3128 0.3128 0.3128 0.3128 0.3128 

Corr(cý7 ut) -0.0693 -0.0963 -0.1267 -0.1772 ' -0.1857 1 -0.2071 
01 -18.380 

1 
-6.179 -2.423 -0.773 -0.6204 1 -0.3117 1 S. D. (01) 7.803 f-2.397 0.875 

. 
0.214 0.158 1 0.071 - 

Table C. 1: Stochastic endowment economy 

2 4 8 20 24 40 
k k) Corr(spreadt ct -0.0000 -0.0004 -0.0037 -0.0134 -0.0166 -0.0319 

Corr(spread k Ut) t 0.0025 0.0034 0.0093 0.0178 0.0212 0.0279 
Corr(c k) 

ut) t -0.0688 -0.0957 -0.1281 -0.1775 -0.1862 -0.2063 
ý31 -0.0001 -0.0006 -0.0006 -0.0009 -0.0007 -0.0012 
S. D. (01) 0.0018 0.0058 0.0045 0.0029 0.0026 0.0018 

Table C. 2: Stochastic endowment economy with perfect foresight 
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ý7- Corr(spread', ct t 

2 

-0-0764 

4 

-0.1172 

24 

-0-0608 

40 
0.0006 

44 
0.0109 

4, S 
0.0199 

Corr(spread', ut) t -0-3488 -0-3622 -0-3676 -0 3-684 -0.3683 -0.3683 k Corr(ct ut) 0.0454 0.0556 0.0307 -0-0006 -0.0070 -0.0131 
ck t -1.010 -0.523 0.055 0.078 0.076 0.076 

S. D. (31) 6.874 1.447 0.221 0.161 0.110 0.108 
Corr(spread', yk) tt 0.1262 0.1558 0.2947 0.3224 0.3253 0.3262 

k Corr(Yt 
, ut) -0.0337 -0.0468 0.1011 -0.1192 -0.1227 -0.12,57 kk Corr(ct 
, 

Yt ) 0.9765 0.9595 0.9168 0.9210 0.922 1 0.9244 
0k 

I- yt 27-84 5.599 0.748 0.51,5 0.473 0.458 
S. D. (01) 17.14 3.681 0.414 0.271 0.248 0.224 

Table C. 3: Stochastic production economy 

2 4 24 40 44 48 
Corr(spreadt', ut) 0.8601 0.8739 0.0774 -0-0009 -0.0098 -0-0190 
Corr(c', -, ut) 0.0413 0.0604 0.0451 0.0136 0.0068 0.0012 
Corr(y', ut) t 0.7044 0.4813 0.1392 0.0825 0.0741 0.0661 
Corr(spread k 

t Ut-2) -0.0192 -0.1682 -0-3417 -0-3429 -0.3428 -0.3434 
Corr(c k 

Ut-2) 
t 0.0495 0.0579 0.0343 0.0043 -0.0029 -0-0085 

Corr(yk 
t Ut-2) -0.0341 -0.0483 -0.0999 -0.1172 -0.1214 -0.1239 

Table CA: Stochastic production economy with advance knowledge 
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4 24 40 -4 4,, 
CO'rr(spreadt, c, 0.0039 -0-0068 8 -0-065 

-- 
-0.0117 -0.002S 0-000-D 

I 

Corr(spread', -, 
,, t tt 0.2697 0.3595 0.2-541 - 0.27 184 0.2, 'ý 00 0.27- 

kk Corr(ct 
, yt 

_O-0731 
0.5703 0-8821D 0.8999 0.9029 0.9061 

31 -ck t 0.0687 0.0027 00046 0.0418 0.0421 0.0499 
S. D. (01) 0.5854 0.4368 0.2162 0.14,52 0.1317 0.121, -) 

k oi- Yt 9.1863 7.4742 
I 

0.6141 0.3913 0.3 738 0.3333 
S. D. (01) 1.2380 1.2293 1 0.4072 0.2135 0.2105 0.1474 

Table C. 5: Stochastic production economy with advance knowledge 

2 4 8 24 40 44 4S 
Corr(spread k, Ck) tt 0.0000 0.0019 0.0085 0.0310 0.0451 0.0463 0.041-3 

k CoT-r(spreadt 
, ut) -0.0025 -0.0054 -0-0130 -0.0276 -0.035.5 -0-0360 -0-0360 

com(ý, Ct , ut) 0.04452 0.0538 0.0574 0.0298 -0-0006 -0-0072 -0.012-9 k 01 
- ct 0.0000 0.0000 0.00083 0.0026 0.00297 0.002 7 0.0030 

S. D. 0.0019 0.0060 0.0046 0.0041 0.0039 0.0038 0.0040 
k k) Corr(spreadt, yt 0.0305 0.0506 0.0729 0.1016 0.1067 0.1047 0.1030 

k Corr(yt 
, ut) -0.0344 -0.0482 -0-0659 -0.1018 -0.1198 -0.123-9 -0.12556 

k k) Corr(ct 
, yt 0.9765 0.9597 0.9384 0.9168 0.9208 0.9227 0.9244 

k 01 
- Yt 0.0297 0.0265 . 0242 0.0174 0.0122 0.0108 0.0109 

S. D. (ý31) 0.0069 0.0193 0.0163 0.0136 0.0106 0.0099 0.0105 

Table C-6: Stochastic production economy with perfect foresight from financial 

markets participants 

kk 
The following tables report the percentage of times that 01 - ct, 01 - yt 

Corr(spread', Ck ) and Corr(spread', yk ) are strictly positive, out of the 500 
tttt 

repetitions. Columns stand for the different maturities k. 

2 4 8 20 24 40 
k 01 

- ct 0 0 0 0 0 0 
- 

Corr(spreadt' 0 0. 0 0 11) 

Table C. 7: Stochastic endowment economy 
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2 4 2-0 24 40 
C, 

-- -- 
54 6 _i3- -8 j8 49-2 --j2-0 26.8 26.4 

Corr(spread7� C, 7) 7 19-6 -i-6 -0 -ý4--2 4.2 -7-6 
-6 0 0 

Table C. 8: Stochastic endowment economy with perfect foresight 

2 4 24 40 44 48 
k 01 - ct 35.0 31.1 54.0 65.8 75.6 75.6 
k 01 

- yt 97.8 
. 

96.6 94.4 95.6 95.6 95.6 
Corr(spreadtk, ctk) 0 0 1.1 65.2 1 60.2 63.2 

yk) Corr(spread', 
tt loo loo 100 T 96.4 - 100 

Table C. 9: Stochastic production economy 

2 4 24 40 44 48 
ý31 52.6 49.0 52.8 66.6 66.2 70.4 

k Ol yt 100 
1 

100 95.2 
1 

94.6 
1 

92.2 94.6 
k, Ck Corr(spreadt t) 64.8 34.2 36.6 42.0 47.2 52.8 

Corr(spreadt, yt 100 100 100 100 100 100 

Table C. 10: Stochastic production economy with advance knowledge 

2 4 24 40 44 48 
ck t 51.6 50.6 73.0 72.4 78.0 76.6 

0, yt, 100 91.8 93.4 88.0 88.8 88.2 
Corr(spreaýtý-, Tt"ý-)' 47.4 67.6 100 100 100 100 
Corr(spread', y') tt 100 100 100 100 100 100 

Table C. 11: Stochastic production economy with perfect foresight ftom finan- 

cial markets participants 
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Appendix D 

Study 1: Figures 
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Spread, Gi DP and consumption growth rates are annualised values. Axes are in %. GDP and 
consumption growth rate, in figures D-1 and D-2 respectively, are showed on the left scale, 
spread is on the right scale. The I -year spread is d. efined as the 1 -year minus the 3-month spot 
rate. Since in this study, in the simulated economies, one period corresponds to a quarter, the 
above spread is simply the 4-period minus the I-period interest rate. Accordingly, the 1-year 
consumption (output) growth rate is defined as (In(c, 

_4/ct)/4)*400. To use the same notation as 44441 in the text, represented here are: spread t (= r t- rt), yt and c t- 

D-1: Predictive power of the term spread for future output (US data) 

10 2 
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D-2: Predictive power of the term spread for future consumption (US data) 
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,"I: i 11 
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- ... ''' ... -2 1 
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I 11 IIIIý. 90 95 
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Appendix B contains further empirical evidence and a detailed description of the data. 
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D-3: Covariance between spreads and consumption growth rates 

This figure shows values taken by the covanance (5.10) (z-axis) for p between 0 and I (x- 
axis), and for k between 2 and 40 (y-axis). 

D- 4: Covariance between spreads and consumption growth rates 
in tne stocnasTic enuowment economy wan periect ioresi-giiii I 

This figure shows values taken by the covanance (6.7) (z-axis) for p between 0 and I (x- 

axis), and for k between 2 and 40 (y-ax's). 
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7 

Appendix E 

Study 2: Test for cointegration 

and test for weak exogeneity 

The way we proceed to test for weak exogeneity will become clear in the 
empirical part, but let us schematise it here: 

im We first test for the cointegTating rank r with a model of the type: 

- endogenous I(I) variables: wt, et, ut. 

- exogenous I(I) variables: yt, taxt. 

where we are assuming that yt and taxt are exogenous. 

e 'V/Ve then verify that yt and taxt are exogenous with the following model: 

enclogenous I(I) variables: wt, et, ut, yt, taxt. 

- cointegrating rank: r (found in the first step) - 

by testing if the adjustment parameters (ct) are zero in the equations for 

yt and taxt. We may worry that a circularity problem could arise here. The 

questions we are posing are: do we influence the cointegrating rank by assum- 

ing first that some variables are exogenous and then test for it? Should we 
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test for the rank r, treating all variables as endogenous, then use this rank 
r, to test for the weak exogeneity of some variables, and then finallv test for 
the cointegrating rank r2 again, treating these variables as exogenous? No 
analytical or econometric proof exists in favour of one way or the other. but 
let us show here with the help of a concrete example that our procedure is 
intuitively correct. ' 

Lets assume that we test the cointegrating rank of the following model: 

o endogenous I(l) variables: wt, et, ut. 

o exogenous I(I) variables: yt, taxt. 

and that we are assumZng that yt and taxt are exogenous. We find a rank 

of two. We will then test for the exogeneity of yt and taxt using a rank equal to 

two. In which sense is this procedure restrictive? By treating some variables 

as exogenous in a test for cointegration, the only restriction we are imposing is 

that the exogenous variables cannot cointegrate among themselves (but they 

can cointegrate with the endogenous variables). So, in the example above the 

two cointegrating vectors we obtain can be written as: 

ý31wWt + Ole6-t + OluUt + OlyYt + 131taxtaxt 

ý32wWt + 02e6t + 02uUt + 02yYt + 02taxtaxt 

and we then test that these two cointegrating vectors do not enter the equations 

for yt and taxt. 

IIn a very recent paper, Greenslade, Hall and Henry (1999) show, using Monte-Carlo 

simulations, that it is better to make the exogeneity assumption before testing for the 

cointegration rank. This is because the tests of the rank have better power once the weak 

exogeneity assumption has been made, p. 10. Our procedure is therefore consistent with 

this finding. 
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/ 

What would happen if we were treating all variables as endogenous. whon 
testing for cointegration in the first place'? We may find a third cointegratino, 

vector. However, this third vector can only be a combination of the exoge- 

nous variables, since we were not allowing exogenous variables to cointegrate 

in the first procedure and that this is the only difference between the two 

tests. Therefore we would find, for example, the same first two cointegrating 

vectors and a third one, which would combine the exogenous variables only. 

However, section 13.4 made clear that weak-exogeneity implies that the ex- 

ogenous variables do not cointegrate among themselves. Hence, testing if this 

third cointegrating vector does not enter the equations for yt and taxt would 

in itself contradict the test presented in section 13.4, and therefore, the ap- 

proach proposed in this study to make the weak-exogeneity assumption first, 

is perfectly sensible. It is obvious that if our assumption that yt and taxt are 

exogenous proves to be false, then we have to rewrite the test for cointegration 

adequately (or it would mean that we are wrongly restricting yt and taxt not 

to cointegorate among themselves). 
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Appendix F 

Study 2: Forecast Error 

Variance Decomposition 

Italy 

Table F. 1: Forecast error variance decompositions - Italy 

A. Percentage of the variance of wage explained by: 

Periods Wage Employment Unemployment 

1 96 4 0 

5 90 8 2 

20 75 6 19 

B. Percentage of the variance of employment explained by: 

Periods Wage Employment Unemployment 

0 100 0 

5 15 82 3 

20 13 86 
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Percentage of the variance of unemployment explained by: 

Periods Wage Employment Unemployment 
0 0 _ 100 

5 14 2 84 
20 30 9 61 

France 
Table F. 2: Forecast error variance decompositions - France 

A. Percentage of the variance of wage explained by: 

Periods Wage Employment Unemployment 

1 100 0 0 

5 91 2 7 

20 80 2 18 

B. Percentage of the variance of employment explained by: 

Periods Wage Employment Unemployment 

1 0 100 0 

5 1 84 15 

20 5 70 25 

C. Percentage of the variance of unemployment explained by: 

Periods Wage Employment Unemployment 

1 0 0 100 

5 5 2 93 

20 4 3 93 
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Germany 

Table F. 3: Forecast error variance decompositions - Germany 

A. Percentage of the variance of wage explained by: 

Periods Wage Employment Unemployment 

1 100 0 0 

5 84 1 1,5 

20 77 11 12 

B. Percentage of the variance of employment explained by: 

Periods Wage Employment Unemployment 

1 0 100 0 

5 0 68 32 

20 13 32 

C. Percentage of the variance of unemployment explained by: 

Periods Wage Employment Unemployment 

23 3 74 

5 16 5 79 

20 17 13 70 
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Appendix G 

Study 2: Data sources 

All the data are provided by Datastream. 

Italy 

o Wages: Hourly wage rates - Manufacturing Industry, Index, OECD 

database, code: ITOCWAGMF. 

* CPI: Consumer price index for families of workers and office employees, 

Index, Instituto nazionale di statistica, code: ITCP F. 

e GDP: Gross domestic product at annual rates - current prices, in billions, 

OECD database, code: ITOCGDPDB. 

e Unemployment: Unemployment - Percent of total labour force, in %, 

OECD database, code: ITOCUNE%E. 

9 Employment: Total employment - All sectors, in thousands, Instituto 

nazionale di statistica, code: ITFL1589F. 

9 Direct taxes - Households, in billions, OECD Economic Outlook, code: 

ITOCFTXH, annual data (interpolated to quarterly data). 

e Household disposible income (nominal), in billions, OECD Economic 

Outlook, code: ITOCFRDI, annual data (interpolated to quarterly data). 
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9 Time lost in labour dispute: Labour disputes - Time lost (person hours), 

in thousands, OECD database, code: ITOCLDISF. 

Fý-ance 

o Wages: Hourly wage rates - Manufacturing Industry, Index, OECD 

database, code: FROCWAGEF. 

* CPI: Consumer price index, Index, International financial statistics, code: 
FR164 F. 

* GDP: Gross domestic product - Constant prices, in billions, OECD Na- 

tional Accounts, code: FR104000D. 

e Unemployment: We calculated the unemployment rate as (total unem- 

ployment/total labour force)*10'000. 

* Total unemployment: Unemployment level, in thousands, I. N. S. E. E., 

code: FRUNEMPTE. 

e Total labour force: Labour force total, Actual value, OECD Economic 

Outlook, code: FROCFLAB, annual data (interpolated to quarterly 

data). 

e Employment: Civilian employment on payrolls, in thousands, OECD 

database, code: FROCEMPTF. 

* Tax burden on households, in %, I. N. S. E. E., code: FRISRETBF. 

Germany 

* Wages: Hourly wage rates - Manufacturing Industry, Index, OECD 

database, code: BDOCWAGRF. 
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" CPI: Consumer price index for all households, Index. Deutsche Bundes- 

bank, code: BDCP 
.... F. 

" GDP: Gross domestic product - Constant prices, In b1ll1ons. OECD 

database, code: BDOCGNPDD. 

* Unemployment: Standardised unemployment rate, in %, OECD database. 

code: BDOCUNE%E. 

* Capital: Capital stock - Business, in millions, OECD Economic Outlook, 

code: BDOCFCST, annual data (interpolated to quarterly data). 

* Revenue from wage tax - Current value, in billions, Deutsche Bundes- 

bank, code: BDBAIOIOB (series discontinued) and BDBA2010B. 

* Household disposible income (nominal), in billions, OECD Economic 

Outlook, code: BDOCFRDI, annual data (interpolated to quarterly 

data). 
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Appendix H 

Study 2: Figures and impulse 

responses 
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H-2: Total employment (in thousands) - Italy 
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H-4: Unemployment rate - France 
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H-7: Unemployment rate - Germany 
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H-10: AB decomposition - Italy 
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H-11: Orthogonal impulse responses - Italy 
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H-1 2: Choleski decomposition - Italy 
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H-13: Generalised impulse responses - Italy 
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H-14: Blanchard and Quah decomposition - ItaIN 
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H-15: AB decomposition - France 
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H-16: Choleski decomposition - France 
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H-17: Generalised impulse responses - France 
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H-18: Blanchard and Quah decomposition 
- France 

C00000Cc 

g5 

C, 

a 

a 

cl 
= = C C = C C C C 

- C = c ¼ t - C a e a. ¼ C 
m 
e 

!C 

: . 

I I 
S S 

. - 

oi IC 
1 

C 

C 

IC 

0 

CCC0CCCC00 

gg 88 ceC0CCC 
p., p) 

- 

Fý 

to 

0000000 

ý F, I < -- Lco 

3 1 ft 

CD 

221 

db d> ö cb lb cb 6 
0 CD Q022 iD 
99 ýg ;, t 20 a- -0 zo 



666666 
co --j 0) 
. 9ý r%) 0 co K) 

rD 

rl) 
0 

8 

-k 

H-19: AB decomposition (bD=b]3ý0)- Germany 
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H-20: AB decomposition (b23=b3l `=-0)- German), 
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H-21: AB decomposition (b32==bl3": ": O)- Germany 
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H-22: AB decomposition (b32=b3l: =O)- Germany 
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H-23: Orthogonal impulse responses - German), 
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H-24: Choleski decomposition 
- Germany 
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H-25: Generalised impulse responses - Germany 
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H-26: Blanchard and Quah decomposition - Germany 

a a a a a 

: H : 
0 

aaeao00000 
8°00 

(I, - 

o -- - 

m 

ooeo0000 

a, 

0 

a 

CD 
(A Gj 

3G 

0 .0 

!4 
m 

W 10 

I I 

-I 
I, 

0 

0 

m 

0 

Cb 

Z ý 1 3 
ý 10 

c 3 

229 

6ö6 ip 6 (b el 66 
6666 

oo00000 
o00000- 
" U' 0' - 0' (0 0 


