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FOREWORD i

The Ecole Polytechnique will neither approve nor disapprove of the opinions
voiced in the PhD dissertations. These opinions must be considered as their
author’s own.

L’Ecole Polytechnigue n'entend donner aucune approbation ni improbation
aur opinions émises dans les théses. C(es opinions doivent éire considérées
comme propres & leur auteur.



DEDICATION

To my parents

=



ACKNOWLEDGEMENTS iii

Many thanks to Daniel Cohen, Guy Laroque, Philippe Martin and Héléne
Rey for their useful suggestions following their careful reading of al! or part of
this dissertation.



EPIGRAFPH iv

“A partir d'un certain volume romancsque encore jamais obtenu avant lui,
Balzac a di avoir le pressentiment (il en donne lg preuve en immergeant aprés
coup chacun de ses ouvrages isolés dans l'ensemble de lo Comédie Humaine)
que toutes les donndes stylistiques changeaient de poids, comme un caillou gu’on
plonge dans une riviére, et de neture, comme une détonation gque I’écho d’une
caverne & la fois étale et amplifie. Car linterconnerion romanesque généralisée
que réalise pour le premiére fois le coup de génie de la Comédie Humaine ne per-
met pas seulement un effet de mise en écho, le jeu d’un clavier multiplié de cor-
respondances: elle permet, tout comme Uinterconnezion d'un résecu électrique,
de mobiliser le potentiel d’un secteur romanesque éloigné au service d'un récit
qui languit ou qui flanche, et, de fait, le miracle de ceite oeuvre formellement si
inégale est que tout sentiment de passage & vide y disparail le plus souvent & la
lecture: les réserves romanesques effluent d’elles-mémes comme par un jeu de
vases communicants; le tout ici ne commande pas seulement & la partie, il vient
colmater ses déficiences, instantanément.

De ces vertus de lg mise en relations globalisée, Balzac a fini par étre par-
Jfaitement conscient, et par jouer quelquefois avec une subtilité prémonitoire. [...]
Ce qui était d’abord simple articulation romanesque est devenu avec le temps,
dans la conception de la Comédie Humaine, osmose et méme circulation du
sang. Le lierre finit par enfoncer des racines vives dans le mur auguel il s’était
d’abord seulement agrafé.”

Julien Gracg (1980, pp. 39-40).
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General presentation in
French

The Ecole Polytechnique allows its PhD students to write their dissertation in
English, but requires that a general presentation in French of about twenty
pages should then be included at the onset of the dissertation. The general pre-
sentation in French which follows accordingly is essentially made of a translation
of the general introduction and the general conclusion.

Cette présentation générale offre une vue d’ensemble, précise Uarriére-plan
et énonce les principaur résultais de la thése.

Vue d’ensemble

La présente thése de doctorat est intitulée “Quatre essais sur la volatilité et
Vinstabilité macroéconomiques sous différents régimes de change”. Comme le
suggére ce titre, lobjet de la thése est d’éclairer d’un jour nouveau les liens entre
volatilité macroéconomique, instabilité macroéconomigque et régime de change.
La question au coeur de cette thése est plus précisément: quelles volatilité et in-
stabilité mocroéeonomiques pour quel régime de change? Pour bien comprendre
de gquoi il s'agit, considérons les différentes parties du titre tour & tour.

“QUATRE ESSAIS”, correspondant & autent de chapitres, constituent cetie
thése. Leurs statuts sont présentés dans le tableaw 1. L'un d’entre euz a éi€
écrit avec Philippe Martin et publié dans le Journal of International Economics.
Je suis le seul auteur des aulres chapitres, qui n'ont encore été soumis & au-
cun journal. Tous ont éié €erits enire juillet 1998 et juillelt 2008. Bien que
Pensemble forme un tout cohérent, animé d’une problématique générale, chaque
chapilre nborde le sujet de thése sous un angle qui lui est propre, constitue indi-
viduellement une contribution originale et & ce titre peut étre lu indépendamment
des autres chapitres. Bien entendu, nous considérons cetle diversité d'approches
comme un point fort de notre thése.

ix
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L6 “VOLATILITE MACROECONOMIQUE” est définie comme la variabilité
d’agrégats macroéconomiques clefs due & occurrence de chocs fondamentauz,
par opposition aux chocs sunspot. L’identité des chocs fondemeniauz con-
sidérés est détaillée dans le tableau 2. Ces chocs peuvent avoir une origine
{structurelle) microéconomique et une forme (réduite) macroéconomigue, ou
bien directement une origine {ad hoc) macroéconomique. La plupart d’enire
euz affectent la demande globale -comme les chocs IS et les chocs de politique
monétaire - ou Uoffre globale - comme les chocs cost-push.

Les chocs fondamentouz peuvent survenir de facon asymétrigue entre les
pays, et c’est lé une condition nécessaire pour que le tauz de change puisse jouer
un quelconque réle. Cette asymétrie entre les chocs nationauz' est modélisée soit
de facon exogéne soit de facon endogéne. Dans le premier cas, définissant un
pays domestigue et un pays étranger, nous considérons soit les chocs domestigques
seulement, soit & la fois les chocs domestigues et les chocs étrangers avec une
structure de corrélation exogéne implicite ou explicite. Dans le second cas, cette
corrélation entre chocs domestiques et étrangers est endogéne.

En Pabsence de politigue monétaire, ou plutét en présence d’une politique
monétaire passive, les variables macroéconomiques sont affectées par les chocs
Sfondamentauz. Plus précisément, chaque variable réelle ou nominale est affectée
& la fois par les choes réels et par les chocs nominauz du fait de Uevistence d'une
rigidité nominale, portant typiquement sur les selaires ou sur les priz. La nature
et la spécification des rigidités nominales considérées sont présentées dans le
tableau 3. Nous appelons “volatilité macroéconomigue ex ante” la variabilité
des agrégats macroéconomigues correspondante.

Or la politique monétaire a prise non seulement sur les variables nominales,
mais aussi sur les variables réelles du fait de lexistence de cette rigidité nomi-
nale. Il y a donc place pour une réaction de politiqgue monétaire & ces chocs fon-
domentaux, de facon & contrer leurs effets sur les variables réelles et nominales.
Comme Uindigue le tableau 4, lorsqu’elle n'est pas exclusivement consacrée &
la défense d’un change fize, la politique monéteire peut avoir pour but de maz-
imiser le niveau d'utilité du ménage représentatif qui est affecté par les chocs
fondamentaux, mais tel n'est pas nécessairement le cas dans tous les chapitres.

1 De nombreuses appellations parsément la littérature, qui qualifient {a nature des chocs
survenant au sein d'un groupe de pays: chocs symétrigues, communs, asymétrigues, anti-
symétriques, spécifiques, idiosyncratiques, etc. Les nuances de sens enire ces différentes
eppellations se révélent parfois étre difficilement saisissables. Sous la terminologie d'Erkel-
Rousse (1997) par ezemple, qui n’est pas la nétre, les chocs asymétrigues sont ceur “dont les
conséquences ne sont pas similaires dans tous les pays membres, et qui sont donc susceptibles
d’appeler des réponses de politique économique différentes (en nature ou en ampleur)”, tandis
que selon Mundell (2003, p. 199) “all shocks are asymmetric in that they affect countriea
differently ”.
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Nous appelons “volatilité macroéconomigue ex post” la variabilité des
agrégats macroéconomiques due & la fois & loccurrence de chocs fondamen-
taux et & la réaction de politique monétaire & ces chocs. Lorsque la politique
monétaire a pour but de mazimiser le bien-étre des ménages (ainsi qu’il devrait
idéalement en étre), la politique monéiaire optimale revient en quelque sorte
& minimiser cette volatilité macroéconomique ex post. Nous parlons alors du
réle d’ajustement de la politique monétaire, ce par quoi nous entendons que lg
politique monétaire devrait aider ’économie & s’ajuster optimalement aux chocs
fondamentauz.

Nous venons de mentionner le terme “politigue mondiaire” & plusieurs
reprises: il est sans doute temps de clarifier ce que nous entendons par ce
terme. La politique monétaire est définie ici dans un sens large, qui inclut
ce qui est communément appelé politique de change dans le cas d'un régime de
change fire mais ajustable. Comme le montre le tableau 4, les instruments
de politique monétaire considérés sont variés: teur d’intérét nominal, masse
monétaire, taux de change nominal. Par gilleurs, un probléme de erédibilité
peut apparaitre dans certains cas, dii au caractére temporellement incohérent de
la politique monétaire optimale, de telle sorte que Uimplémentation de Uéquilibre
first-best nécessite alors Iexistence d’une technologie de commitment & la dispo-
sition de la banque centrale. L’absence d’une telle technologie constitue Pune des
guelques imperfections de la politiqgue monélaire considérées dans cette thése.

L'“INSTABILITE MACROECONCMIQUE” est définie comme lo variabilité
d’agrégats macroéconomiques clefs due ¢ occurrence de chocs sunspot, par
opposition aur chocs fondamentauz. Qu’appelons-nous chocs sunspot? Ce sont
des chocs, c’est-d-dire des variables stochastiques exogénes, dont la réalisation
conditionne lissue du modéle considéré bien qu'ils ne soient pas spécifiés par ce
modéle. En d’autres termes, les chocs sunaspot sont les chocs gqui peuvent étre
tenus responsables de la sélection d'un éguilibre donné parmi plusieurs équilibres
possibles®. Le tableau 5 donne un apercu des chocs sunspot rencontrés dans
cette thése.

Bien entendu, une condition nécessaire et suffisante pour qu’apparaeisse
Uinstabilité macroéconomique est lemistence d’équilibres multiples dans le
modéle considéré®. Les chocs sunspot seront typiquement quantitatifs dans le

2 Une gqutre formulation consiste & dire gue les chocs sunspot sont ceuz & ['origine de ce
gue Burmeister, Flood et Garber (1988) appellent des bulles, ¢’est-d-dire des composantes qui
apparaisgent ¢ 'équilibre en plus de lo composante refiétant les fondamentaus.

3 Batini et Peariman (2008) utilisent le terme “instobilité” lorsqu'il eriste plusieurs
équilibres possibles et le terme “indétermination” lorsqu'il n'en eriste aucun. Nous adoptons
donc leur terminologie en ce qui concerne le terme “instabilité” (macroéconomigue), mais
nous utiliserons le terme “indétermination” (de l"équilibre) également dans le cas d’équilibres
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cas d’un continuum d’équilibres possibles, qualitatifs dans le cas d’un nombre fini
d’équilibres possibles. Notons par ailleurs que Uinstabilité macroéconomique est
habituellement indépendante de la volatilité macroéconomique, puisque les chocs
sunspot peuvent survenir en I’absence de chocs fondamentaus - et vice versa. La
variabilité de chaque agrégat macroéconomique peut donc étre attribuée & deux
composantes indépendantes: une composante intra-équilibre correspondant & la
volatilité macroéconomique et une composante inter-équilibres correspondant a
Pinstabilité macroéconomique.

Linstabilité macroéconomique peut étre de court ou de long terme dans cette
thése. L’instabilité macroéeonomique de court terme est inextricablement lide .
aux anticipations auto-réalisatrices des agents privés, qui peuvent étre promples
d sauter d'un équilibre & l'autre. Les choses se révélent étre moins claires pour
l'instabilité macroéconomique de long terme, qui peut étre le résultat d'un lent
processus aveugle et idtonnant. Nous ne pouvons guére en dire plus & ce propos
puisque nous n'exominons pas le cheminement d'un équilibre & Uautre.

Finalement, de la méme facon gue pour la volatilité macroéconomigue ex
ante et ex post respectivement, nous définissons I’ “instabilité macroéconomique
de court terme ex ante” comme linstabilité macroéconomique de court terme
apparaissant en présence d’une politiqgue monétaire passive, et ['“instabilité
macroéconomique de court terme ex post” comme ['instabilité macroéconomique
de court terme apparaissant en présence d’une politiqgue monétaire active.
Tout comme la volatilité macroéconomique et contrairement 4 ['instabilité
macroéconomigue de long terme, linstabilité macroéconomique de court terme
réduit le bien-étre de fagcon non ambigué, de telle sorte que lorsqu’elle o pour but
de mazimiser le bien-étre des ménages, la politiqgue monétaire a un réle de sta-
bilisation, ce par quoi nous entendons qu’elle devrait réagir aur chocs sunspot
de facon ¢ réduire autant gue possible, et idéalement complétement éliminer,
cette instabilité macroéconomique de court terme ex post?.

Trois principaur “REGIMES DE CHANGE” sont considérés tout au long de
cette thése, comme en témoigne le tableau 8: le régime de change flexible, le
régime de change fize mais ajustable et le régime de change irrévocablement fize.
Sous un régime de change flezible, soit le taux de change nominal est déterminé
per la parité de taur d'intérét non couverie et lo parité de pouvoir d’achat rel-
ative de long terme, soit il s'ajuste de fagon & équilibrer la balance commer-

multiples plutét que dans le cas d’absence d’équilibre. De notre point de vue en effet, I'on
devrait parler de modéle inadéquat pluiét que d’équifibre indéterminé lorsqu’il n'existe aucun
équilibre.

41, 'élimination compldte de cette instabilité macroéconomigue de court terme ex post est
requise pour assurer la sélection de ['unique équilibre exernpt de bulles.
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ciale. La bangue centrale peut alors librement choisir sa politique monétaire,
ou plutét nous pouvons librement spécifier le but de la politigue monéiaire.
Comme le montre le tableaw 4, ce but peut étre lo mazimisation du bien-étre
des ménages par exemple. Mais la politique monétaire peut aussi n’avoir aucun
but spéeifié. Elle peut méme se voir spécifier aucun bui: dans un tel ces, la
politique monétaire est passive et le régime de change flezible est alors appelé
de préférence “régime de change flottant”.

Sous le régime de change fize mais ajustable, ln bangue centrale a pour
charge la fizité du tauzx de change nominal. En d’autres termes, elle doit réagir
auz chocs fondementauz et our choes sunspot de fagcon ¢ mainienir le taur de -
change nominal fire ex post. Nous utilisons le terme “gjustable” parce que la
bangue centrole (ou plutét, devrions-nous dire, le gouvernement) est autorisée
& déveluer ou révaluer la monnaie au priz d’un certain codit en terme de bien-
étre. Lorsqu’elle n'est pas autorisée & dévaluer ou révaluer, c’est-d-dire lorsque
le coiit de dévaluation ou révaluation est infini, nous utilisons aussi le terme
“ajustable” simplement par opposition & “irrévocablement fize”, pour rappeler
au lecteur gu’il eziste une autorité monétaire dans les coulisses responsable de
la fizité du tauz de change nominal.

Sous le régime de change irrévocablement five, précisément, il n'existe
plus de bangue centrale dans les coulisses, et le taur de change est fire ex
ante. En d'eutres termes, le régime de change irrévocablement fize revient &
une union monétaire. Comme Uindigue le tableau 6, le régime de change
irrévocablement fize peut étre bilatéral, lorsque deus grandes économies décident
ensemble d’abandonner leurs banques centrales nationales, d’adopter une mon-
naic commune unigue et de metire en place une banque centrale supranationale
en charge de la politique monélaire dans toute I'union monétaire. Il peutl aussi
étre unilatéral, lorsqu'une petite économie ouverte ancre sa monnaie & celle
d’'une grande économie, et lo bangue centrale supranationale coincide alors avec
la bangue centrale de la grande économie.

Arriére-plan

Cette section présente succinctement la littérature et les hypothéses communes
& tous les chapitres de cette thése,

Les littératures concernées différent substantiellement d’un chapitre & Pautre,
comme le suggére le tableau 7, mais elles partagent tout de méme quelques traits
communs. Les deuz principaux trails communs sont de nature keynésienne: il
s’agit de l'existence de rigidités nominales et d’“esprits animauz”. La présence



(GENERAL PRESENTATION IN FRENCH xiv

de rigidités nominales (décrites dans le tableau 8) dans les modéles considérés
est & l'origine de la non-neutralité de la politique monétaire. Quant auz “esprits
animauz” de Keynes (1936), ils correspondent auz chocs sunspot {caractérisés
par le tableau 5) dans notre thése et sont donc & lorigine de ce que nous
appelons Vinstabilité macroéconomique.

Il n’est cependant pas nécessaire de remonter si loin dans le temps pour
trouver un ancétre commun & nos quatre essais. Tous appartiennent en effet
sinon complétement, du moins partiellement & la littérature issue d’Obsifeld et
Rogoff (1995). Les modéles bdtis et utilisés par cette littérature se distinguent
par les quelques irails caractéristiques suivants. Premiérement, ils spécifient.
des priz et/ou des salaires rigides, et reposent habituellement sur I'hypothése
de concurrence monopolistique. Deuriémement, ce sont des modéles d’équilibre
général dymamigues dont les équations résultent des programmes d’optimisation
des différents agents, en l'occurrence ménage représentatif, entreprises et banque
centrale. Troisiémement, ils fondent explicitement leur évaluation de la politique
monétaire sur le bien-étre des ménages. Ft quatriémement, ils incorporent des
chocs stochastiques. Ces quatre points sont abordés dans les tableaux 2, 8 et
4. Notons que nous ne développons pas de modéle véritablement nouveau dans
notre thése. Nous utilisons plutét des modéles ervistants, et parfois marions
plusieurs d’entre eur, pour faire passer notre message.

Nous choisissons de faire une distinction entre deux branches de la littérature
issue d’'Obstfeld et Rogoff (1995). La premiére est ce qu’on appelle U'économie
nouveau-keynésienne, sur laguelle s’oppuie la premiére partie de noire thése,
constituée des deuz premiers chapitres. La seconde est ce qu’on appelle la New
Open Economy Macroeconomics, sur laquelle s’appuie la seconde partie de notre
thése, constituée des deur derniers chapitres. Comme Uindique le tableau 8, ce
gui distingue ces deuz littératures dans le cadre de notre thése est le nombre de
périodes considérées, la nature de lo rigidité nominale, les déterminants du taux
de change nominal lorsgu’il est flexible, l'identité de Dinstrument de politigue
monétaire et le réle des anticipations passées et présentes.

Une différence supplémentaire entre les deuz parties de notre thése est que
la premiére partie examine une petite économie ouverte, tandis que la seconde
traite de deur grandes économies ouvertes. La premiére partie repose en effet
principalement sur le modéle nouveau-keynésien d'une petite économie ouverte
bdti par Gali et Monacelli (2002). §i nous avions choisi de considérer plusieurs
grandes économies ouvertes dans notre premiére partie, nous aurions utilisé un
modéle nouveau-keynésien & N pays, obtenu par ezemple & partir de la version
canonique proposée par Claride, Gali et Gertier (2002).
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Notons que notre seule hypothése de rigidité nominale (des priz ou des
salaires) ne suffit pas & donner un réle au régime de change dans l'ajustement
des économies aux chocs fondamentauz. Comme en témoigne le tableau 3,
nous supposons de plus tout au long de la thése qu'il n'y a pas local currency
pricing (LCP), de telle sorte que le taux de change nomianl puisse jouer son
role keynésien traditionnel d’expenditure-switching, les variations du fauz de
change étant entidrement reportées sur le priz des biens importés. Cetie hy-
pothése d’un exchange rate pass-through égal & un est soutenue par Obstfeld et
Rogoff (2000), qui se montrent frés critiques vis-G-vis de l'approche alternative
combinant pricing to market et local currency pricing.

Les arguments d’Obstfeld et Rogoff (2000) sont les suivants. Premiérement,
le lien entre le taux de change nominal et les déviations observées de la loi
du priz unique peuvent étre dues & lincorporation de biens non échangeables
dans les indices de priz & la consommation supposés concerner unigquement les
biens échangeables. Deuriémement, Uhorizon temporel sur lequel le trade in-
voicing rend les priz rigides semble trop court pour avoir un impact significatif
sur les intéractions macroéconomiques oux fréquences des cycles économigues.
Troisiémement, les observations directes de currency invoicing sont incompati-
bles avec le point de vue selon lequel les exporteurs fizrent le plus souvent leurs
priz en la monnaie de ['importateur. Ei guatriémement, les observations in-
ternationales sur les touz de marge sont compatibles avec le point de vue selon
lequel les exporteurs fizent le plus souvent leurs prir en leur propre monnaie.
Leur point de vue est contesté par Devereur et Engel (2002), mais ces derniers
doivent recourir & des hypothéses fortes en plus de Uhypothése de local currency
pricing pour pouveir reproduire la variabilité observée du taux de change.

Précisons finalement les limites de notre champ opératoire. Quelles ques-
tions posons-nous et lesquelles ne posons-nous pas dans cette thése? Quels sujets
abordons-nous et lesquels ignorons-nous? Une premiére réponse & ces questions
est que la politigue monétaire (encore une fois, définie au sens large) est la
seule politique économique considérée dans notre thése. En particulier, nous ne
considérons pas de politique budgétaire (endogéne). Cette restriction est princi-
palement justifiée par leristence d'un délai d’implémentation gqui fait de la poli-
tique budgétaire un outil d’ajustement inadéquat. Par lo suite, nous utiliserons
le terme “gouvernement”, & la place de “banque centrale”, lorsque la politique
monétaire consistera en une politique de change.

La politique budgétaire n'est pas la seule grande absente de notre thése. En
effet, notre cadre d’analyse comporte de nombreuses autres hypothéses simplifi-
catrices, pour ne pas dire de nombreuses autres limitations. Par ezemple, nous
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ne considérons qucun bien non échangeable et nous ignorons tout investissement
(endogéne) en capital, simplement parce que nous n'en avons pas besoin pour
faire passer notre message. Leur prise en compte rendrait notre cadre d’analyse
plus réaliste mais aussi plus compleze, probablement sans affecter nos résultats.
Nous choisissons de nous limniter au cadre d’analyse le plus simple possible afin
de rendre notre message le plus clair possible.

Trois derniers points sont & noter. Premiérement, nous considérons un
unique ménage représentotif dans tous les chapitres, de telle sorie que nous
ne traitons pas du sujet des inégalités et de la redistribution. Deuriémement,
nous faisons I’hypothése tout au long de la thése que les agents partagent tous -
les mémes anticipations rationnelles & chaque date, de telle sorte que nous ig-
norons le probléme de coordination gqui peul notamment se poser en présence
d’équilibres multiples. En particulier, parce que les agents sonl atomistiques,
Uéquilibre socialement optimal n'est pus plus probable que les autres en présence
d’équilibres multiples. Troisiémement, tous les modéles considérés sont notam-
ment basés sur Uhypothése de concurrence monopolistique, qui convient aur pays
développés davantage qu’auz pays en voie de développement. Notre discours
porte done résolument sur ce qui pourrait s’appeler des “pays développés ho-
maogénes”.

Résultats

Quelles conclusions tirer de notre thése? Le tableau 9 résume les princi-
pauz résullats obtenus chapitre par chapitre et leurs implications directes en
matiére de politique économique. Nous ne commentons pas plus avant ces
résultats, quelgue nouveauz et prometteurs qu’ils soient, parce qu'une telle vue
kaléidoscopique n’a pas sa place dans la présentation générale d'une thése. Nous
nous intéressons plutét aur lecons générales & tirer de notre thése.

Cette thése éclaire d'un jour nouveau les liens enire volatilité
macroéconomique, instabilité macroéconomique et régime de change, & la
fois d’un point de vue positif et d’un point de vue normatif. Elle clarifie notam-
ment la forme que peut prendre la volatilité macroéconomique dans un cadre
nouveau-keynésien, & la fois théoriguement et empiriquement, pour une petite
économie ouverte sous différents régimes de change. Mais le plus important
sans doute, c’est que d’une part elle dévoile des sources jusqu’alors inconnues
d'instebilité macroéeonomique sous différents régimes de change, et que d’autre
part elle propose de nouwveaur remédes & Uinstabilité macroéconomique sous
différents régimes de change. Ld réside sans doute notre contribution originale
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la plus significative.

Ces sources de et ces remédes & Uinstabilité macroéconomique nouvellernent
identifiés sont présentés dans le tableau 10. Bien que leur nature puisse
substantiellement différer d’un chapitre & Uautre, ces sources et ces remédes
sont tous inextricablement liés au régime de change. Le lableau 11 mon-
tre linstabilité macroéconomique de court terme correspondante, avec ou sans
reméde administré, et le tableau 12 montre de fagon similaire U'instabilité
macrodéconomique de long terme, ainsi que linstabilité macroéconomique de
court terme sous un régime de change irrévocablement fire, toutes deuz sans
reméde administré®. Notons qu’il n'existe habituellement pas de reméde miracle -
& Dinstabilité macroéeonomigue. Comme Uindigue le tableau 11 en effef, les
remédes proposés auront souvent pour effet de réduire Uensemble des équilibres
multiples, plutét que d'éliminer complétement la possibilité d’équilibres multi-
ples.

Notre thése débouche également sur des considérations sur le régime de
change optimal. En effet, qu’'elle soit optimale ou non, la politique monétaire
est considérée dans tous les chapitres comme une politigue conditionnelle au
régime de change en vigueur, mais rien ne nous interdit naturellement de nous
poser la question (située en amont) du régime de change optimal. Ce régime de
ehange optimal est défini comme celui qui maximise le bien-étre des ménages ou
qui minimise la fonction de perte du gouvernement, et correspond plus ou moins
& celui associé auxr moindres volatilité et instabilité macroéconomiques ex post.

Le tableau 13 classe les régimes de change selon le critére de volatilité
macroéconomigue ex post, conditionnellement soit & ['absence d’instabilité
macroéconomique ex post, soit & la comparabilité des ensembles d’équilibres
multiples considérés. Sans surprise, le régime de change flexible avec commit-
ment est classé en premiére position dans tous les cas sauf un®, parce que la
bangue centrale a alors toute liberté pour réagir auxr choes fondamentour. Les
deuzx régimes de change fizes sont le plus souvent classés ex aequo, puisqu’ils en-
trainent la méme volatilité macroéconomique ex post. Notons qu'ils peuvent étre
préférables au régime de change flexible sans commitment. Tous ces résultats
présentés dans le tableau 18 sont plus ou moins en accord avec les résullats
conventionnels.

Le tableau 14 classe les régimes de change selon le critére d’instabilité

5Les remédes & linstabilité macroéconomique de long terme, ou bien & Uinstabilité
macroéconomique de court terme sous un régime de change irrdvocablement fixe, ne sont
pas considérés dans le tableau 12 simplement povee que leur implémentation souldve des
difficultés pratiques, puisqu’ils correspondent & des politiqgues structurelles.

8L 'unique exception concerne le chapitre 4, dons le cas particulier ol la wolatilité
macroéconomique augmente le bien-élre en réolité.
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macroéconomique ex post. La nouveauté réside ici d la fois dans le principe
d’un tel classement et dans les résultats de ce classement. Dans son principe,
parce qu’d notre connagissance un tel classement n'a jamais été dressé dans la
Littérature. Dans ses résultats, parce que ce classement réhabilite le regime de
change irrévocablement fire. En effet, ce régime est maintenant classé premier
dans tous les cas sauf un, ce qui le place au-dessus du régime de change flezible
avec commitment. Le régime de change fixe mais ajustable est classé dernier
dans tous les cas, tandis que les deuz régimes de change flexible sont classés ex
aequo entre les deur régimes de change fize.

Le régime de change irrévocablement fire, qu'il s’agisse d’une union
monétaire ou d'une dollarisation, est classé premier selon le eritére d'instabilité
macroéconomique ex post grice 4 sa capacité & ancrer les anticipations des
agents privés. Dans le modéle nouveau-keynésien d’une petite économie ouverte,
cette propriété assure que les équilibres divergents sont bel et bien exclus a pri-
ori sous un régime de change irrévocablement fize, parce que les agents privés
savent qu’il n'y aure pas de banque central nationale pour réagir & ces équilibres
divergents. Sous un régime de change flexible, les équilibres divergents peuvent
survenir au coniraire si la régle de politique monétaire suivie ne les exclut pas, et
il se pourrait bien ficheusement gque n'existe aucune régle de politique monétaire
excluant les équilibres divergents sous cerlaines spéeifications. Le seul cas oi
le régime de change flexible est préférable au régime de change irrévocablement
fize, selon le critére d’instabilité macroéconomique ex post, est le cas o7 des
régles de politigue monéiaire adéquates peuvent étre trouvdes qui exluent les
équilibres multiples sous le régime de change flexible, que ces équilibres soient
convergenis ou divergents, tandis que le régime de change irrévocablement fize
se révéle étre compatible avee plusieurs éguilibres convergents.

Finalement, quel point de vue offrons-nous sur la question de la désirabilité
de U'Union Monétaire Européenne (UME)? Avant tout, il convient de re-
connaitre gque notre thése porie essentiellement sur ce qui est habituellement
considéré comme les coiits d’ajustement et de stabilisation associés & I’Euro.
En d’autres termes, notre champ opératoire exclut ce qui est habituellement con-
sidéré comme les bénéfices structurels associés & I'Euro. Notre thése aura donc a
priori tendance é offrir un point de vue eurosceptique biaisé. Cela dit, il se trouve
en réalité qu’elle se révéle étre plutdt en faveur de 'UME. En effet, bien que nous
reconneissons la possibilité que I'UME puisse favoriser endogénement les chocs
asymétriques et ainsi augmenier lo volatilité macrodeonomigque dans le long
terme, nous soutenons qu'une telle issue ne décroit pas nécessairement le bien-
étre. Et en ce qui concerne les effets de UUME & court terme, nous préférons
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sans ambiguité 'UME & une gquelcongue variante du Systéme Monélaire Eu-
ropéen (SME), que nous considérons comme fondamentalement instable. Si
Ualternative & 'UMFE est un régime de change flexible cependant, olors nous
r’offrons aucune conclusion tranchée de facon inconditionnelle, et recomman-
dons simplement d’examiner de plus prés pays per poays ce qu'il adviendrast
non seulement de la volatilité macroéconomique, mais aussi de [instabilité
macroéconomique en UME. Les dés sont jetés pour douze pays, mais c’esi
maintenant au tour du Danemark, du Royaume-Uni et de la Suéde de décider
d’adopter ’Furo ou non. Nous ne pouvons que leur souhaiter un débat éclairé
sur le volet économique préalablement & leur décision. De ce point de vue, la-
récente parution par le gouvernement britannique de diz-huit études de qualité
sur les conséquences de l'adhésion du Royaume-Uni & UUME donne matiére a
Voptimisme.
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General introduction

This introduction gives an overview and outlines the general background of the -
dissertation.

Overview

The present PhD dissertation is entitled “Four essays on macroeconomic volatil-
ity and instability under alternative exchange rate regimes”. As suggested by
this title, the object of the dissertation is to shed a new light on the links be-
tween macroeconomic volatility, macroeconomic instability and the exchange
rate regime. The question at the core of this dissertation is more precisely: how
much macroeconomic volatility and macroeconomic instability does a given ex-
change rate regime entail? To fully understand what it is all about, let us pay
attention to the title and consider its different parts in turn.

“FOUR ESSAYS”, corresponding to as many chapters, make up this disserta-
tion. Their statuses are presented in table 1. One of them has been written
with Professor Philippe Martin and published in the Journal of International
Economics. I am the sole author of the others, which are yet to be submitted
to any journal. All of them have been written between July 1998 and July
2003. Although as a whole these chapters form something coherent, into which
a common problematics breathes life, each of them tackles the dissertation topic
from its own point of view, represents individually an original contribution and
as such, can be read independently of the others. Needless to say, we view this
diversity as one of our dissertation’s strong points.

“MACROECONOMIC VOLATILITY” is defined as the variability of key macroe-
conomic aggregates due to the occurrence of fundamental shocks, as opposed to
sunspot shocks. The identity of the fundamental shocks considered is detailed
in table 2. These shocks may have either a microeconomic (structural) origin
and a macroeconomic (reduced) form, or directly a macroeconomic (ad hoc)
origin. Most of them end up having an effect either on aggregate demand - e.g.
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IS shocks and monetary policy shocks - or aggregate supply - e.g. cost-push
shocks.

Fundamental shocks may occur asymmetrically across countries, which is a
necessary condition for the exchange rate regime to play any role. This asymme-
try between national shocks! is modelized either as exogenous or as endogenous.
In the former case, defining a domestic country and a foreign country, we may
consider either domestic shocks only, or both domestic and foreign shocks with
an implicit or explicit exogenous correlation structure. In the latter case, this
correlation between domestic and foreign shocks is endogenous.

In the absence of monetary policy, or rather in the presence of a passive mon-
etary policy, macroeconomic variables are affected by the fundamental shocks.
More precisely, each real or nominal variable is affected by both real and nominal
shocks because of the existence of a nominal rigidity, typically some sort of wage
or price stickiness. The nature and the specification of the nominal rigidities
considered are displayed in table 3. The resulting variability in macroeconomic
aggregates we call “ez gnte macroeconomic volatility”.

Now, monetary policy can affect not only nominal variables, but also real
variables because of the existence of this nominal rigidity. Hence there is room
for a monetary policy reaction to the fundamental shocks, so as to counter
their effects on real and nominal variables. As indicated in table 4, when not
exclusively directed towards the defence of a currency peg, monetary policy may
be aimed at maximizing the utility level of the representative household which
is affected by the fundamental shacks, but such is not necessarily the case in
some chapters.

The variability of macroeconomic aggregates due to both the occurrence of
fundamental shocks and the monetary policy reaction to these shocks we eall “ex
post macroeccrnomic volatility” . When monetary policy is aimed at maximizing
household welfare (as it should ideally be), the optimal monetary policy amounts
somehow to minimize this ex post macroeconomic volatility. We then say that
monetary policy has an “adjustment role”, by which we mean that it should
help the economy to adjust optimally to the fundamental shocks.

‘We have just mentionned the term “monetary policy” on several occasions:

1Many names can be found in the literature, which describe the nature of the shocks occur-
ring within a group of countries: symmetric, common, asymmetric, antisymmetric, country-
specific, idiosyncratic shocks, efc. The shades of meaning between these labels prove some-
times uneasy to be grasped. Under Erkel-Rousse's (1997) terminology for instance, which is
not ours, so-called asymmetric shocks are those “dont les conséquences ne sont pas similaires
dans tous les pays membres, et qui sont donc susceptibles d'appeler des réponses de politique
éeonomique différentes (en nature ou en ampleur)”, while according to Mundell (2003, p.
199) “all shocks are asymmetric in that they affect countries differently”.
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it may be time to clarify what we mean by this term. Well then, monetary
policy is defined here in a broad sense, which includes what is commonly called
exchange rate policy in the case of a fixed but adjustable exchange rate regime.
As shown in table 4, the monetary policy instruments considered are various:
nominal interest rate, money stock, nominal exchange rate. Besides, a credibility
problem may arise in some cases, due to the time inconsistency of the optimal
monetary policy, so that the implementation of the first-best equilibrium then
requires the existence of a commitment technology at the disposal of the central
bank. The lack of such a commitment technology is one of the few monetary
policy imperfections considered in our dissertation. :

“MACROECONOMIC INSTABILITY” is defined as the variability of key macroe-
conomic aggregates due to the occurrence of sunspot shocks, as opposed to fun-
damental shocks. What do we call sunspot shocks? Well, they are shocks, i.e.
exogenous stochastic variables, whose realization conditions the outcome of the
mode! considered though they are not specified by this model. In other words,
sunspot shocks are the shocks which can be held responsible for the selection of
one given equilibrium out of several possible equilibria?. Table 5 provides an
outlook of the sunspot shocks to be encountered in this dissertation.

Naturally, a necessary and sufficient condition for macroeconomic instability
to arise is the existence of multiple equilibria in the model considered®. Sunspot
shocks will typically be quantitative in the case of a continuum of possible equi-
libria, qualitative in the case of a finite number of possible equilibria. Note
also that macroeconomic instability is usually independent of macroeconomic
volatility, as sunspot shocks may occur in the absence of fundamental shocks -
and wvice versa. The variability of each macroeconomic aggregate can therefore
be divided into two independent components: an intra-equilibrium component,
which corresponds to macroeconomic volatility, and an inter-equilibria compo-
nent, which corresponds to macroeconomic instability.

‘We may deal either with short-run macroeconomic instability or with long-
run macroeconomic instability., Short-run macroeconomic instability is inex-

2Put differently, sunspot shocks are responsible for what Burmeister, Flood and Garber
(1983) call bubbles, that is to say extra components which arise at the equilibrium in addition
to the component reflecting market fundamentals.

3Batini and Pearlman (2002) use the term “instability” when there are more than one
possible equilibrium and the term “indeterminacy” when there is none. We therefore adopt
their terminclogy as far as {macroeconomic) “instability” is concerned, but we shall use (equi-
librium) “indeterminacy” as well in the case of multiple equilibtia rather than in the case of
no equilibrium. In our view indeed, something is wrong with the mode! considered when there
is no possible equilibrium, as actually there seems to be an equilibrium outside whenever we
have a look through the window, so that one should then speak of an inadequate model rather
than of an indeterminate equilibrium.
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tricably linked in our various frameworks to the private agents’ self-fulfilling
expectations, which may be quick to jump from one equilibrium to another.
Things prove less clear for long-run macroeconomic instability, which may be
the result of a slow blind process, but we can say little actually thereupon, as
we do not examine the way from one equilibrium to the other.

Finally, similarly as for ez ante and ez post macroeconomic volatility respec-
tively, we define “ex ante short-run macroeconomic instability” as the short-run
macroeconomic instability arising in the presence of a passive monetary policy
and “ex post short-run macroeconomic instability” as the short-run macroeco-
nomic volatility arising in the presence of an active monetary policy. Just like
macroeconomic volatility and contrary to long-run macroeconomic instability,
short-run macroeconomic instability is unambiguously welfare-reducing so that
when aimed at maximizing household welfare, monetary policy has a “stabiliza-
tion” role, by which we mean that it should react to sunspot shocks in order
to reduce as much as possible, and ideally completely eliminate, this er post
short-run macroeconomic instability?.

Three main “ALTERNATIVE EXCHANGE RATE REGIMES” are considered
throughout this dissertation, as indicated in table 8: the flexible exchange
rate regime, the fixed but adjustable exchange rate regime and the irrevocably
fixed exchange rate regime. Under a flexible exchange rate regime, the nominal
exchange rate may either be determined by the uncovered interest rate parity
and the long-run relative purchasing power parity, or adjust so as to balance
international trade. The central bank can then freely choose its monetary pol-
icy, or rather we can freely specify the goal of monetary policy. As shown in
table 4, this goal may be for instance the maximization of household welfare.
But monetary policy may also happen to have no specified goal. It may even
happen to be specified no goal: in such a case, monetary policy is passive and
the flexible exchange rate regime is preferently labelled “floating exchange rate
regime”.

Under the fixed but adjustable exchange rate regime, the central bank has
charge of the fixity of the nominal exchange rate. In other words, it has to
react to fundamental and sunspot shocks so as to keep the nominal exchange
rate fixed er post. We may use the term “adjustabie” because the central bank
(or rather, shall we say, the government) is allowed to devalue or revalue the
currency at a cost. When it is not allowed to do so, that is to say when the
devaluation or revaluation cost is infinite, we also use the term “adjustable”

4The complete elimination of the ex post short-run macroeconomic instability is needed
to ensure the selection of the unique bubble-free equilibrium.



GENERAL INTRODUCTION 5

simply as opposed to “irrevocably fixed”, to remind the reader that there is a
monetary authority working behind the scenes and responsible for the fixity of
the nominal exchange rate.

Under the irrevocably fixed exchange rate regime, precisely, there is no longer
a central bank working behind the scenes, and the nominal exchange rate is fixed
ez ante. In other words, the irrevocably fixed exchange rate regime amounts to
a monetary union. As indicated in table 6, the irrevocably fixed exchange rate
regime may be bilateral, when two large economies decide together to drop their
national central banks, to adopt a single common currency and to establish a
supranational central bank in charge of monetary policy in the monetary union
as a whole. It may also be unilateral, when a small economy pegs its currency
to the currency of a large economy, and the supranational central bank then
coincides with the central bank of the large economy.

Background

This section shortly presents the literature and the assumptions common to all
chapters of this dissertation.

Each chapter has its own bibliography, on which table 7 gives a glimpse.
But these bibliographies share a few common features. These common features
are mostly of a Keynesian nature. The main two of them are the existence
of nominal rigidities and that of “animal spirits”. The presence of nominal
rigidities (detailed in table 3) in the models considered in this dissertation is
what gives rise to monetary policy non-neutrality. As for Keynes’ (1936) “animal
spirits”, they correspond to sunspot shocks (characterized in table 5) in our
framework and are thus responsible for what we call macroeconomie instability.

It is not necessary however to go back in time as far ago to find a common
ancestor to our four essays. All of them belong indeed at least partly, if not
fully, to the literature pioneered by Obstfeld and Rogoff (1995). The moedels
built and used in this literature are distinguished by the following few key fea-
tures. First, they specify sticky prices and/or wages, and are usually based on
monopolistic competition. Second, they are dynamic general equilibrium mod-
els whose equations derive from the optimizations of the agents, namely here
a representative household, firms and a central bank. Third, they base their
evaluation of monetary policy explicitly on household welfare. And fourth, they
incorporate stochastic shocks., These four points are considered in tables 2, 3
and 4. Note that we will not develop truly new models in our dissertation. We
will rather use existing ones, and possibly build a bridge between them, to make
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our point. .

We choose to make a distinction of our own between two branches of th
literature pioneered by Obstfeld and Rogoff (1995). The first one is the so-called
New Keynesian economics literature, on which the first part of this dissertation,
made of the first two chapters, is based. The second one is the so-called New
Open Economy Macroeconomics literature, on which the second part of this
dissertation, made of the last two chapters, is based. As indicated in table 8,
what distinguishes these two literatures from each other within our framework
is the number of periods considered, the nature of the nominal rigidity, the
determinants of the nominal exchange rate (when flexible), the identity of the
monetary policy instrument and the role of past and present expectations.

A further difference between the two parts of our dissertation is that the
first one focuses on one small open economy, while the second one deals with
two large open economies. This first part is mainly based indeed on the small
open economy New Keynesian model built by Gali and Monacelli (2002). Had
we instead chosen to consider several large open economies in our first part, we
would have used a N-country New Keynesian model, derived for instance from
the canonical version built by Clarida, Gall and Gertler (2002).

Note that our nominal (wage or price) rigidity assumption alone does not
ensure that the exchange rate regime does play a role in the adjustment of the
economies to the fundamental shocks. As shown in table 3, we will indeed fur-
ther assume throughout the dissertation that there is no local currency pricing
(LCP), so that the nominal exchange rate can play its traditional Keynesian
expenditure-switching role, the exchange rate variations being entirely trans-
ferred on the price of imported goods. This assumption of an exchange rate
pass-through equal to one is backed by Obstfeld and Rogoff (2000), who are
very critical of the alternative approach combining pricing to market and local
currency pricing.

Obstfeld and Rogofl’s (2000) arguments are the following. First, the link
between the nominal exchange rate and the measured deviations from the law
of one price may be due to the incorporation of non-tradable components in
consumer price indexes for supposedly tradable goods. Second, the time hori-
zon over which trade invoicing induces price stickiness appears too brief to
have a large impact on macroeconomic interactions at business-cycle frequen-
cies. Third, the direct evidence on currency invoicing is largely inconsistent with
the view that exporters set prices predominantly in importers’ currencies. And
fourth, international evidence on mark-ups also seems consistent with a pre-
dominance of invoicing in exporters’ home currencies. Their view is challenged
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by Devereux and Engel (2002), but the latter need to make strong assump-
tions in addition to local currency pricing to match the observed exchange rate
variability.

Let us finally broadly outline the borders of our operative field. Which
questions do we ask and which ones do we not ask in this dissertation? Which
issues do we tackle and which ones do we disregard? Well, monetary policy
(again, defined in a broad sense) is the only economic policy considered in this
dissertation. In particular, we do not consider any (endogenous) fiscal policy.
This restriction is mainly justified by the existence of an implementation delay
which makes fiscal policy the wrong macroeconomic adjustment tocl. In what -
follows, we will use the term “government”, instead of “central bank”, when
monetary policy actually amounts to exchange rate policy.

Fiscal policy however is not the only notable absentee in our dissertation.
Indeed, our framework entails many more simplifying assumptions, not to say
many more limitations. For instance, we do not consider any non-tradable goods
and we ignore (endogenous) capital investment, simply because we do not need
them to make our point. Introducing them into our framework would make it
more realistic but also more complex, probably without altering our results. We
choose to stick to the simplest possible framework to keep our message as clear
as possible.

Three last points are worth noting. First, we consider one single representa-
tive household in all chapters, so that we do not address the issues of inequality
and redistribution. Second, we stick throughout our dissertation to the assump-
tion that all agents share the same rational expectations at each date, so that
we ignore the coordination problem which may notably arise in the presence of
multiple equilibria. In particular, because we deal with atomistic agents, the
socially optimal equilibrinm is no more likely to emerge than others in the pres-
ence of multiple equilibria. Third, all the models considered are notably based
on the assumption of monopolistic competition, which fits developed countries
much better than developing countries. Qur focus is therefore resolutely on
what might be called “homogenous developed countries”.
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Part I

A New Keynesian
perspective on one small
open economy
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Chapter 1

Forward-looking monetary
policy rules to preclude
multiple equilibria |

Abstract

Chapter 1, entitled “Forward-looking monetary policy rules to prectude multi-
ple equilibria” , examines the issue of the design of monetary policy rules within
the canonical New Keynesian model of a small open economy, with the closed
economy nested as a special case. Unlike the existing literature, we argue that
in order to ensure the implementation of the unique optimal equilibrium, the
monetary policy rule should preclude not only all non-optimal convergent equi-
libria, but also all divergent equilibria. We characterize analytically the set of
such adequate monetary policy rules, in a flexible exchange rate regime (de-
pending on whether a commitment technology is available or not) and in a fixed
exchange rate regime. We show in particular that these rules are necessarily
forward-looking so as to insulate the current inflation rate from the private
agents’ sunspot-prone expectations about the future situation. This result is
robust to natural extensions of the canonical New Keynesian framework,

Abstract in French

Le chapitre 1, intitulé “Régles de politique monétaire forward-looking pour
ezclure les égquilibres multiples”, s’intéresse au design des régles de politigue
monétaire dans le cadre du modéle nouveau-keynésien canonique d’une petite
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économie ouverte, incluant le cas particulier d’une économie fermée. Contraire-
ment & la littérature existante, nous soutenons gu’efin d’assurer la mise en ceuvre
de 'unique équilibre optimal, la régle de politique monétaire doit exclure la pos-
sibilité non seulement de tout équilibre convergent non optimal, mais aussi de
tout équilibre divergent. Nous caractérisons analytiquement l'ensemble de telles
régles de politique monéiaire adéquates, sous un régime de change flezible (selon
la présence ou l’absence d’un dispositif de commitment) et sous un régime de
change fire. Nous montrons en particulier que ces régles sont nécessairement
forward-looking de facon & isoler le teuz d’inflation présent des anticipations des
agents privés (potentiellement sujettes & des sunspots). Ce résultat est robuste
eux crtensions noturelles du modéle nouvean-keynésien canonigue.

1.1 Imtroduction

As stressed by McCallum (1999a), who relates the evolution of monetary policy
theory and practice since the early 70’s, New Keynesian economics has recently
come out as the most celebrated framework for monetary policy analysis. Within
this framework, much attention has been paid in particular to the issue of how
to design a monetary policy rule so as to avoid (undesirable} multiple equilibria.
This issue is arguably of practical importance: according to Clarida, Gali and
Gertler (2000) for instance, the American macroeconomic variability during the
pre-Volcker era may be explained by the fact that the monetary policy rule
followed by the Fed was compatible with multiple equilibria and hence made
way to endogenous fluctuations, born from self-fulfilling expectations.

This chapter aims at giving a new insight into the design of optimal mon-
etary policy rules, which we define as the monetary policy rules ensuring the
implementation of the unique optimal equilibrium, In cur opinion, the definition
of multiple equilibria usually adopted by the existing literature is too restrictive,
as only convergent equilibria (i.e. dynamically stable or stationary equilibria)
are considered. We argue that the optimal monetary policy rules should rule
out not only all convergent equilibria other than the optimal one, but also all
divergent equilibria (i.e. dynamically unstable or non-stationary equilibria).

Two alternative justifications for disregarding divergent equilibria have been
put forward by the literature. The first justification relies on the fact that the
log-linear approximation of the New Keynesian model enables us to consider
only small macroeconomic fluctuations around the steady state. However, if a
divergent path starts to develop in the neighbourhood of the steady state (so
that we can at least appreciate its initizl development before losing sight of it),
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then the central bank will sooner or later act as a “stabilizer of last resort”,
that is to say eventually abandon its monetary policy rule in order to bring all
diverging variables back to their steady state values. In the end, what we call a
divergent path may therefore actually remain constantly in the neighbourhood
of the steady state, so that this first justification need not hold.

The second justification, put forward only by Clarida, Galf and Gertler
(1999, p. 1701), rightly argues that this credible threat to act as a “stabilizer of
last resort” is enough to nip any divergent equilibrium in the bud. Indeed, di-
vergent equilibria will be precluded if the private agents expect the central bank
to successfully bring any diverging variable back to its steady state value in a
finite time horizon. However, the central bank could theoretically preclude not
only all divergent equilibria, but also all non-optimal convergent equilibria by
issuing a similar credible threat for the future, which would remove any need to
follow & well-defined monetary policy rule in the present. Moreover, how exactly
to react in the future to a non-optimal convergent or divergent path remains in
the dark, as Clarida, Gali and Gertler (1999) do not specify to which monetary
policy rule the central bank should switch, should a non-optimal convergent or
divergent path start to develop.

We shall argue that the question of which monetary policy rule to switch
to in the future to react to an undesirable path is very much similar to the
question of which monetary policy rule to follow in the present to preclude
undesirable equilibria. We show in particular that both these monetary pol-
icy rules are necessarily forward-looking so as to insulate the current inflation
rate from the private agents’ sunspot-prone expectations about the future sit-
uation. To our knowledge, we thus provide a new theoretical justification for
the forward-looking behaviour of central banks. Indeed, apart from Clarida,
Gali and Gertler (1999), the literature has been interested up to now exclu-
sively in monetary policy rules precluding only all convergent equilibria cther
than the optimal one, and forward-lookingness is not a necessary condition for
a monetary policy rule to preclude only convergent equilibria.

To make our point, we resort to what we call the canonical New Keynesian
model, that is to say the New Keynesian model reduced to its simplest form,
which has received much attention in the past few years. Its closed economy
version is composed of an IS equation, a Phillips curve! and a central bank’s
loss function. Its small open economy version has a very similar structure, as

1The New Keynesian model differs from its New Classical counterpart in particular in
that its Phillips curve involves the present anticipation of the future inflation rate, due to
a price-setting specification 4 la Calvo (1983), and not the past anticipation of the present
inflation rate (Lucas’ supply curve).
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it is composed of the same (in reduced form terms) IS equation, Phillips curve
and loss function, to which are added the uncovered interest rate parity, the law
of one price and the long-run Purchasing Power Parity (PPP). This intertem-
poral general equilibrium model manages to combine a highly tractable reduced
form with sound microfoundations, as the IS equation and the Phillips curve
are derived from the optimal behaviour of the representative household and firm
respectively, and the central bank’s loss function from the representative house-
hold’s utility function. At the end of the chapter, we shortly point to the fact
that natural extensions to this canonical framework, making the model more
realistic but resting on more or less arbitrary assumptions, would not alter our
results qualitatively speaking.

We follow a two-step approach. First, we fully derive the model’s analytical
results, which describe the optimal macroeconomic adjustment process to de-
mand and cost-push shocks, for a small open economy (with the closed economy
nested as a special case) in four alternative configurations: a flexible exchange
rate regime without commitment (FL1), a flexible exchange rate regime with
commitment (FL2), a(n ex post) fixed exchange rate regime with commitment
(F11) and an irrevocably (er ante) fixed exchange rate regime with commitment
(F12). In so doing, we fill a gap in the literature, as these analytical resulés are
absent from all existing studies. Second, we characterize the set of monetary
policy rules ensuring the implementation of this optimal adjustment process, in
each of the relevant cases considered (FL1, FL2 and FI1). By contrast, existing
studies do it only in the FL2 case. Most importantly, unlike the existing lit-
erature, we look for monetary policy rules which ensure the implementation of
the unique optimal equilibrium by ruling out not only all convergent equilibria
other than the optimal one, but also all divergent equilibria.

The remaining of the chapter is organized as follows: section 1.2 presents
both the closed economy and the small open economy versions of the canonical
New Keynesian model. Section 1.3 determines analytically the optimal equilib-
rium, in each of the cases considered (FL1, FL2, FI1 and FI2). Section 1.4 shows
how a monetary policy rule can be chosen which ensures the implementation
of this optimal equilibrium. Section 1.5 characterizes the set of such adequate
monetary policy rules. We then conclude and provide a technical appendix.

1.2 Presentation of the model

This section presents the canonical New Keynesian model of a small open econ-
omy, with the closed economy nested as a special case.
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The canonical New Keynesian model of a closed economy has been used
notably by Bernanke and Woodferd (1997), Clarida, Galf and Gertler (1999,
2000), Woodford (2003). Other works, listed by Woodford (2003, chap. 7),
adopt a very similar, if not identical framework. McCallum (1999a) assesses
and discusses the recent popularity of this model.

The canonical New Keynesian model of & small economy has been laid out
by Clarida, Galf and Gertler (2001), as well as Galf and Monacelli (2002)? from
whom we borrow our presentation. (A few other works use slightly different
versions of this model.)

1.2.1 Main assumptions

We focus here on the main assumptions of the model, essentially in order to
introduce the parameters featuring in the closed form, and refer the reader to
Gali and Monacelli (2002) for a more detailed presentation.

The representative household in the small open economy maximizes the fol-
lowing utility at date ¢:

leor _ I+
oomn {3y e | GEZE- ML

where N,y represents hours of labour and C;;4 a composite consumption
index at date ¢ + k, while F, stands for the expectation operator conditionally
on the information available at date t. We assume 0 < <1, > 0and ¢ > 0.

Note that money does not enter the ytility function and will be disregarded
thereafter. Woodford (2003, chap. 2) gives three alternative justifications for
this Wicksellian specification. First, we may deal with a genuinely cashless
economy, with the implication that money (the unit of account) must earn
the same rate of return as other riskless assets. Second, there may be some
monetary frictions, so that money does actually enter the utility function, but
if preferences are additively separable between consumption and real balances,
then money is residually determined by an LM equation and plays no role in
what follows, except for its direct contribution to the utility level which we
assume is negligible. Third, even if it enters the utility function in a non-
separable way, money will not matter in the case of what Woodford {2003,
chap. 2) calls a “cashless limiting economy”.

The composite consumption index is defined by:

2 According to McCallum and Nelson (2000), “the GM [Galf and Monacelli (2002)] model
has a strong claim to be viewed as a canonical NOEM [New Open Economy Macroeconomics]
model, owing to its elegance and tractability”.
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1

a=1 3 a=1 (ET
Cg+k = [G%CH:‘Q-}-’C -+ (1 - a)’"' CF:;_'_ij
where Cg 4k and Creyr are CES indices of domestic and foreign goods
consumption:

1 1 1ET 1 1 =T
CHitk = [ fo Crpsr (1) = di] v Crux= [ fo Crask (3)* di]

Parameter 1 measures the elasticity of substitution between domestic and -
foreign goods, whereas parameter & measures the elasticity of substitution be-
tween the varieties of the differentiated good produced in a given country. We
assume g > 0 and € > 1. The degree of openness of our small open economy is
measured by 1 — o, with « in-between 0 and 1.

The utility maximization is subject to a sequence of intertemporal budget
constraints of the form

1
fo [Pitgi G) Chrpas ) + Prask (8) Crerk (8)] dict
B {Quir it 1 D1} < Digre + WeraNepre + Tigre

for k =0,1,2..., where Py s+ (i) and Pr 4k (i) denote the prices of domestic
and foreign good i respectively, Wy, the nominal wage and T}, lump-sum
transfers or taxes at date £ + k, while Dyp; the nominal payoff at date ¢ +
k + 1 of the portfolio held at the end of period ¢ + k (which includes shares in
firms). All the previous variables are expressed in units of domestic currency.
Qttk,t+k+1 represents the stochastic discount factor for nominal payoffs. We
assume that househclds have access to a complete set of contingent claims,
traded internationally.

Each firm produces a variety i of the differentiated good with a linear tech-
nology described by the following production function:

Y; (5) = A N; (3),

with In A; = @ + e, where @ # 0 and where €} is an exogenous technol-
ogy shock with zero mean. We thus disregard investment dynamics: private
spending has no effect upon the economy’s productive capacity, as we deal with
non-durable consumption expenditure. Woodford (2003, chap. 5) finds that
relaxing this assumption leads to (to some extent) qualitatively similar results.



ParT I, CHAPTER 1: FORWARD-LOOKING MONETARY ... 23

We assume the existence of an employment subsidy, whose role is to offset
the monopolistic distortions at the steady state. Firms set prices in a staggered
fashion, ¢ la Calvo (1983): each firm can modify its price at date ¢ only with
probability (1 — 8) strictly comprised between 0 and 1. (This time-dependent
price-setting rule may seem less realistic than state-dependent ones, but proves
more convenient to handle analytically.) The model thus incorporates a tem-
porary nominal rigidity which will result in a short-run trade-off for the central
bank between inflation and output gap deviations from their targets. Of course,
each firm sets its price, when allowed to change it, so as to maximize the dis-
counted value of its profits. ’

We also assume that there is no local currency pricing, that is to say that the
price of each variety of the differentiated good is denominated in the producer’s
currency, not in the consumer’s. This assumption ensures that the variations
in the nominal exchange rate impact on aggregate demand by modifying the
price of the goods produced in one country and consumed in the other country.
Besides, even though we do not rule out pricing to market, that is to say even
though each producer can make its price depend on whether its good is sold on
the domestic market or on the foreign market, each producer ends up choosing
the same price on both markets, as she faces the same elasticity of substitution
here and there. As a consequence, the law of one price holds.

Contrary to prices, wages are assumed to be perfectly fexible. This as-
sumption enables us to analyze inflation and output gap dynamics without any
reference to the labour market. Woodford (2003, chap. 3), who relaxes this
assumption, finds that wage vs. price stickiness (more precisely staggered wage-
setting vs. straggered price-setting) matters essentially for the loss function.

The foreign economy is modelized in the same way as the domestic one.
The corresponding parameters are signalled by an asterisk. As the foreign econ-
omy is large compared to the domestic one, o is close to zero and domestic
fluctuations have therefore no impact on the foreign economy. To keep things
simple, we assume that the foreign economy remains constantly at its steady
state, experiencing no fluctuations.

1.2.2 Closed form

The closed form of the model, log-linearized around its steady state, is essen-
tially composed of an IS equation, derived from the representative household’s
utility maximization; of a Phillips curve, derived from the producers’ price-
setting decisions; and of a loss function, which derives from the representative
household’s utility function and which the central bank seeks to minimize. We
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refer the reader to Galf and Monacelli (2002) for a detailed derivation of this
closed form.

Let us note R; the gross return of a riskless one-period bond denominated
in domestic currency, Y; the aggregate output index, Py the producer price
index (PPI), Pr, the price index for imported goods and F; the consumer price
index (CPI):

1

R = E {Qip1}
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Let us also note ¥; the level of production obtained at date ¢ when prices are
perfectly flexible (6 = 0); 3, = Xiz¥e the rate of deviation of ¥; from this level,
t

more concisely called the output gap; and r, = ﬁ‘fz the rate of deviation of
R, from its non-zero stationary value R = % Assuming that 3 and r, are close
to zero, we can approximate In(1 + ;) by » and In(1 +r;) by r;. Besides, if
sufficiently close to zero, the CPI inflation rate between dates ¢ and t+1 can be
written Ap;,, where p; = In P, and where A is the first difference operator, as
the first-order approximation Ap;qy = fﬁ;—,;—-ﬂ then holds. Similarly, Apg 11
{(where py,s = In Py} represents the PPI inflation rate.
The law of one price implies the following first-order approximation:

Ap; = alpus + (1 — a) Ae, (1.2.1)

where e, denotes the log of the nominal exchange rate at date ¢ (value of
one foreign currency unit expressed in domestic currency). Under the assump-
tion of complete international financial markets, the dynamics of the nominal
exchange rate is described by the uncovered interest rate parity relationship,
which holds up to a first-order approximation too. The nominal interest rate
being constantly equal to its stationary value in the foreign country, this UIP
relationship is written:

Ei{Aepy 1} =1 (1.2.2)

The Euler equation and the goods market clearing condition, together with
equations {1.2.1) and (1.2.2), lead to the following equation:
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¥t = By {41} — 0 (re — Bt {Apresa}) + €’ (1.2.3)
where n = 1+(1‘°‘)(1;" 2)(we-1) and where €i* represents an exogenous shock
with mean zero occurring at date . Equation (1.2.3) corresponds to the stan-
dard IS equation of the New Keynesian model. The shock &%, which has been
added in an ad hoc fashion, can be interpreted as a temporary demand shock,
corresponding for instance to an unexpected exogenous public spending. Al-
ternatively, it could derive from an adequately specified preference shock &;
entering the utility function (so that the factor A% is replaced by B%¢:), as
shown by Ireland (2002). For simplicity, we assume it is not autocorrelated. '

Equation (1.2.3) directly derives from the Euler equation in the closed econ-
omy case, where ¢; = y; and Apy; = Ap, at each date ¢. Its interpretation
is then straightforward: the present output gap is expressed as an increasing
function of the expected future output gap and a decreasing function of the ez
ante real interest rate, due to income and substitution effects. Two points are
worth noting in the small open economy case. First, the deflator in the expres-
sion of the real interest rate is the PPI inflation rate, not the CPI inflation rate;
but r, — E¢ {Apg 141} and r¢ — E; {Ape+1} are proportional to each other, due
to the law of one price (1.2.1) and the uncovered interest rate parity (1.2.2) re-
lationships. Second, the equation involves E; {Ayy,1}, rather than E; {Ae;q}
as in the Euler equation; but E; {Ac},,} is proportional to the variation in
the terms of trade E; {Ae;+1 — Apys+1} as a first-order approximation, due
to our CES consumption index assumption, and E; {Aeyy1 — Apg i41} is itself
proportional to r; — E; {Apy ¢+1}, due to the UIP relationship.

The optimization programme of the representative household does not only
lead to the IS equation {vie the Euler equation). Indeed, as in all frameworks
with infinitely-lived utility-maximizing agents, there is also a transversality con-
dition attached to this programme. In what follows, this transversality condi-
tion will be satisfied in all cases - even along what we call “divergent paths”,
as made clear by subsection 1.4.3, because these paths are actually bounded,
as the central bank eventually reacts to them so as to bring them back to the
neighbourhood of the stationary state.

The price-setting decisions of firms lead to the following equation:

Apns = BE {Apu e} + v + 615, (1.2.4)

—{1-85(3 - -
where 4 = 229U f) *+#) and e = ~LA-80Ure) s Eqyuation

(1.2.4) corresponds to the standard Phillips curve of the New Keynesian model.
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It is forward-looking because firms know that the price they choose today will
remain effective for a (random) number of periods. Like the demand shock £}°,
the cost-push shock 5 is assumed not to be autocorrelated: in the same way as
Woodford (2003, chap. 7), we will thus focus on monetary policy inertia which
does not stem from any lagged variables in the structural equations, nor from
any serial correlation in the exogenous disturbances.

As no lagged (hence pre-determined) variable enters equation (1.2.4) at first
sight, the inflation rate appears as a jump variable. As a consequence, the
New Keynesian Phillips curve has been criticized for failing to provide enough
inflation inertia: one had to appeal - so was it argued - to adaptative expecta-
tions to reconcile this equation with the data. However, lagged variables can
enter the equation through the output gap term, if the monetary policy rule is
backward-looking, so that this criticism need not hold. (As next section makes
clear, the first-best monetary policy does actually involve nominal interest rate
and inflation rate inertia.) Moreover, the empirical investigations of Gali and
Gertler (1999), Sbordone (2002) indicate that forward-looking behaviour mat-
ters more than backward-looking behaviour in the price-setting process. (What
these authors question, however, is the empirical relevance of the theoretical link
between real marginal costs and the output gap, so that they estimate equation
(1.2.4) with real marginal costs instead of the output gap.)

Clarida, Galf and Gertler (2001), Galf and Monacelli (2002) show that the
quadratic approximation of the representative household’s utility function, taken
in the neighbourhood of the stationary equilibrium where a system of lump-
sum transfers or taxes exactly offsets the monopolistic distortions, leads to the
following social loss function in the special case p = =1:

L =E {Z::; &% [(APH,t+k)2 +As (yt+k)2]} )

where (dg,M5) = (ﬁ,il;m%;ﬂwi@-), and Woodford (2002; 2003, chap.
6) derives the equivalent social loss function in the closed economy case, corre-
sponding to & = 1. We assume the existence of such an optimal subsidy scheme
so as to focus on the welfare losses associated with price stickiness and imper-
fect stabilization of shocks, because monetary policy is not aimed at addressing
first-order distortions. Under this optimal subsidy scheme, first-order effects
disappear, only second-order effects remain (in this second order approxima-
tion). There is no apparent “terms of trade gap” term in LY because this gap
turns out to be proportionate to the output gap (in what can be interpreted as
a goods market clearing condition) and can therefore be included in the output
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gap term.

The presence of a PPI inflation term in L§ comes from the fact that vari-
ability in the general level of prices py creates discrepancies between relative
prices, due to the absence of synchronization in the adjustment of the prices of
different goods, and these relative price distortions lead in turn to an inefficient
sectoral allocation of labour, even when the aggregste level of output is correct,
i.e. even when the output gap is nil. These distortions matter all the more that
the elasticity of substitution between goods is large and that the frequency of
price adjustment is low, hence Ag depends negatively on £ and ¢. Besides, Ag
depends positively on , as the welfare costs of fluctuations in the output gap.
increase with the elasticity of the utility function with respect to labour.

Of course, L arises as the natural cheice for the central bank’s loss function
in the case (i, o) = {1,1). Now in order to handle other cases as well, we assume
more generally that the central bank chooses the nominal interest rate r; so as
to minimize the following quadratic loss function3:

L= B {3 6 [(Bpmers) + Awen)’]} (1.2.5)

where (4, A) is a pair of positive parameters, possibly different from {dg, As),
even if the specific case (u,¢) = (1,1) and {4, X) = (d5,As) will naturally be
examined at regular intervals in the following. The monetary authorities seek
therefore anyway to maintain the PPI inflation rate and the output gap as close
as possible from their respective values at the stationary state.

Finally, as shown by Gali and Monacelli (2002), the initial conditions can
be chosen for the sake of convenience and without any loss of generality so that
the condition that PPP should hold (or equivalently here that trade should be
balanced) in the long run can be written: (pg s — €c4k) — 088 k — +o00. As
a consequence, we get, if the infinite sum in the right-hand side does converge:

—1 — €_ +
Bep = B2 4 Apyy + 3 (B {Bpmesn} - B {Bersi}). (126)

With a flexible exchange rate regime, the closed form of our small open
economy mode! is made of equations (1.2.1}, {1.2.2), (1.2.3), (1.2.4), (1.2.5)
and (1.2.6). (With a fixed exchange rate regime, (1.2.5) should be replaced by
the condition Ae;r = 0 for & > 0.) Note that the structure of the system
is block-recursive: y, Apy and r are derived from equations (1.2.3), (1.2.4)
and (1.2.5) only, with Ap and Ae being residually determined with the help

3This loss function, though admittedly ad hor, is widely used in the literature.
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of equations (1.2.1), (1.2.2) and (1.2.6). As for the closed form of the closed
economy model, it is made of equations (1.2.3), (1.2.4) and (1.2.5), with a =
1. In both the closed economy and the small open economy versions of the
canonical New Keynesian model, y, Apy and r are therefore derived from the
same (qualitatively speaking} IS equation, Phillips curve and central bank’s loss
function?.

The stationary state of the small open economy, obtained in the absence
of shocks €% and e}°, is characterized by 3 = Ap; = Apys = Aep =1 =0
at each date 3. Note that the model provides no inflationary bias & la Barro
and Gordon (1983a, 1983b), since the output gap and inflation objectives of
the central bank coincide with the stationary values of these variables; still, the
first-best monetary policy will be temporally inconsistent, as will be seen below.

Of course, this stylized model is too simple to be realistic. In particular,
the absence of inertial terms in the structural equations can be criticized. As
stressed by Woodford (1999; 2003, chap. 7) however, what matters is that “it
incorporates forward-looking private sector behavior in three respects, each of
which is surely of considerable importance in reality”.

1.3 Analytical resolution of the model

This section determines analytically and comments on the optimal equilibrium
of the model, depending on whether the exchange rate is flexible or fixed, (when
flexible) on whether a commitment technology is available or not®, and (when
fixed) on whether this commitment applies to a monetary policy rule or to the
fixity of the exchange rate. The results obtained are summarized in table 1.1.

We thus consider four alternative configurations for our small open economy:
a flexible exchange rate regime without commitment (FL1), a Aexible exchange
rate regime with commitment (FL2), a(n ex post) fixed exchange rate regime
with commitment (FI1} and an irrevocably (ex ante) fixed exchange rate regime
with commitment (FI2). When a = 1, the FL1 and FL2 cases respectively
correspond to that of a closed economy without commitment (CE1) and a closed
economy with commitment (CE2).

4Clarida, Gali and Gertler (2001) were the first to show this isomorphism between the
reduced forms of the closed economy and the small open economy versions of the canonical
New Keynesian model.

5The stationary value of the gross nominal interest rate R, is %, and the net nominal
interest rate iy = H: — 1 thus fluctuates around 1-‘;& For small enough fluctuations, it does

not reach therefore its lower bound 0.
SMcCallum (1909b) discusses this distinction and reviews the corresponding literature.
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To our best knowledge, most of the analytical results displayed in this sec-
tion are new, in the sense that they have not been obtained by the existing
literature. The primary reason for that is that shocks £#¢ and &'* are serially
correlated in most of the existing studies, so that the analytical resolution of
the model then reguires the more difficult analytical determination of the roots
of a polynomial whose degree is strictly higher than two”. Still, a few studies
consider serially uncorrelated shocks, but they stop at the first-order conditions
of the optimization problem, without going the whole way and expressing each
variable as a function of the exogenous shocks only, as shown in table 1.2.

The only impulse-response functions already known are those of Apy, y and -
rin the FL1 case. All the others, namely the impulse-response functions of Ae
and Ap in the FL1 case, those of Apy, y, 7, Ae and Ap in the FL2, FI1 and FI2
cases, have been incompletely characterized by some studies, but fully derived
by none, as shown in table 1.2 which makes a (to our knowledge exhaustive)
inventory of existing studies based on the canonical New Keynesian model.

Before solving the minimization problem faced by the central bank, we need
to specify the model timing. We suppose that the private agents form their
(rational) expectations and the monetary authorities choose the nominal interest
rate after the realization and the observation of shocks £ and P°. There is
therefore no informational asymmetry between the private agents on the one
hand and the monetary authorities on the other hand.

1.3.1 Flexible exchange rate regime without commitment
(FL1)

This first subsection examines the case (labelled FL1) of a small open economy
with a flexible exchange rate regime and without commitment, which corre-
sponds to the case (labelled CE1) of a closed economy without commitment
when & = 1. By “without commitment”, we mean that only time-consistent
monetary policies are credible for the private agents. When no commitment
technology is available, the private agents expect the central bank to re-optimize
at each period, that is to say to choose ryyn, (for each n > 0) only after the re-
alization of shocks e}5,, and ef},. As a consequence, their expectations about
the future situation in our purely forward-looking framework do not depend on
the present monetary policy decision, and the central bank takes therefore these
expectations as given when choosing r;.

TFor instance, Gali and Monacelli (2002) derive analytically the optimal equilibrium in
the FL2, FI1 and FI2 cases, and so does Monacelli {2003) in the FL1, FL2, FI1 and FI2 cases,
but not as a function of the exogenous shocks oxly, i.e. not in the form of impulse-response
functions, because they consider serially correlated shocks.
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The resulting outcome, usually named discretionary equilibrium, or time-
consistent plan, or non-reputational solution, is easily determined. Because the
central bank takes expectations as given when choosing r; at date £, the first-
order condition of the minimisation of L; {(which corresponds to the derivative
of L; with respect to r; being zero) is written Ay, +yApg, = 0. Facing the same
optimization programme in the future, the central bank will behave in a similar
way and the private agents expect therefore: AE; {§s4n} + YE: {APH t4n} =0
for n > 1. Using (1.2.4) from date t+ 1 onwards, we then get F; {ApH t4nt1} =
LAAE, (Apyeqn} forn 2 1.

Let us now assume that & 3%‘{-'! 2 > 1. (Note that this inequality is in-
deed satisfied at point (§, A) = (d5,As), as well as, by continuity, in the neigh-
bourhood of this point.) Under this assumption, the solution to the optimiza-
tion problem satisfies E; {Apg¢+1} = 0, because L; takes an infinite value if
E; {Apws+1} # 0. This implies in turn E, {Apgt4n} = 0 for n > 1. Using
(1.2.4) at date t together with the condition Ay, + 7Apa,: = 0, we then get
Apys = -,;ﬁ—_-xefc The impulse-response functions of y and r are finally residu-
ally determined from those of Apy with the help of the Phillips curve and the
IS equation. We obtain the following results:

A
Apy: = me{"’ and Apgiyn=0forn>1,

w= :Y-g%sfc and gy4n =0forn>1,

Ty = i nefc and ryyp=0forn>1.

16“ I -
7" ()

Note that we choose in this section to express all the results in the form of
impulse-response functions. These impulse-response functions characterize the
effect of shocks £}* and £° (at the exclusion of any other shock) on the paths
followed by the different variables. In other words, they isolate the effect of the
present shocks on the dynamics of the economy. This restriction takes place
without any loss of generality, as past, present and future shocks are orthogonal
to each other.

These impulse-response functions for Apy, y and r characterize completely
the optimal equilibrium in the CEI case, and incompletely the optimal equi-
librium in the FL1 case. (In the latter case, they will be completed by the
impulse-response functions of Ae and Ap.) They are discussed in details by
Clarida, Gali and Gertler (1999). In brief, they indicate that demand shocks



PART I, CHAPTER 1: FORWARD-LOOKING MONETARY... 31

&' are entirely countered by monetary policy and have therefore no impact on
the output gap and the inflation rate. (In other words, output gap stabiliza-
tion and inflation stabilization are then mutually compatible.) On the contrary,
cost-push shocks eP¢ are not entirely countered, and the central bank faces a
trade-off between a higher inflation rate and a lower output gap following such
a shock. In both cases (¢%* or £P¢), the effect of the shock is one-shot, that is to
say that the variations in Apy, y and r display no inertia.

Besides, equation (1.2.6) holds as the infinite sum in its right-hand side
does converge. Acknowledging that the past term 2=2=%:=1 cannot depend on
present shocks and using the non covered interest rate parity equation, we then -
obtain the following impulse-response functions:

Aeg— 1 is WA_"/

= ——£ +"—'_"_-_'_ ]
7' (P+An "
Aepy = WEPC and Ae;+n-0forn>2
—(1-0) ;, (MA=7)+7a
Ap - -2 e
P R GER T

Apyyy = 1 ﬂa el + (’:2_’_0;))76?0 and Apin=0forn>2.

These results indicate that the effect of the shocks e* and £}° on Ap and
Ae is spread on dates ¢ and ¢+ 1. It is therefore more prolonged than the effect
of the same shocks on y, Apy and r, due to the non covered interest rate parity
equation.

Following a positive £t* shock, the nominal exchange rate appreciates at date
t, then depreciates at date ¢ +1 to go back to its initial value. This depreciation
at date t+1 is the consequence {via the non covered interest rate parity equation)
of the increase in the nominal interest rate at date t. The producers price level
being left unchanged by the shock £3¢, PPP holds in the long run if and only if
the final value of the nominal exchange rate equals its initial value: the nominal
exchange rate must therefore appreciate at date £ to offset its depreciation at
date t + 1. The evolution of the consumers price level follows then accurately
that of the nominal exchange rate with the multiplicative factor (1 — a), since
the producer price level remains unchanged.

Following a positive £2° shock, the nominal exchange rate depreciates in a
two-period time: €400 — €11 = €141 — €41 = ;,"Ixsfc, in order to compensate
the effect of a higher producer price level on the long run real exchange rate.
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This overall depreciation is unevenly spread on each of the two periods: at
date t + 1, a depreciation occurs which results from the increase in the nominal
interest rate at date ¢, via the non covered interest rate parity equation; but
at date ¢, what occurs is either a depreciation (if A > <) or an appreciation
(if pA < 7). Note that in the special case (o, 1) = (1,1) and (8,)) = (§s,As)
considered above, the condition A < < is necessarily satisfied, as it is equivalent
to £ > 1, so that the nominal exchange rate appreciates at date 2.

The nominal exchange rate is the more likely to appreciate at date ¢, the
lower is the elasticity 7 of the output gap with respect to the nominal interest
rate (because then the increase in the nominal interest rate at date ¢ is large, -
and therefore so is the nominal exchange rate depreciation at date ¢+ 1), or the
lower is the relative weight X of the central bank output gap objective (because
then the increase in the producer price level is small, and therefore so is the
nominal exchange rate depreciation required to satisfy the long run PPP).

As for the evolution of the consumer price index, it is explained by that of
the nominal exchange rate and the producer price index: p increases therefore
during the two periods considered as a whole (Pyoo — Pr—1 = Pr41 — Pt-1 =
;g“;xef“), since so does py and since e depreciates; p increases at date t+ 1 too,
since py remains unchanged at this date and since e depreciates; finally, p can
either increase or decrease at date ¢, depending on the sign of (nA — ) + va,
and decreases only if e appreciates sufficiently to do more than compensate the
effect of the increase in py on p.

Let LFL! denote the mean E {L;} of the loss function in the FL1 case.
Because shock £7° is serially uncorrelated, we obtain:

A
P mmm e

where V (¢7¢) denotes the variance of P°.

1.3.2 Flexible exchange rate regime with commitment
(FL2)

This second subsection considers the case (labelied FL2) of & small open econ-
omy with a flexible exchange rate regime and with commitment, which corre-
sponds to the case (labelled CE2) of a closed economy with commitment when
a = 1. By “with commitment”, we mean that the central bank can (credibly)
commit itself to following a time-inconsistent monetary policy rule.

When no commitment technology is available, the central bank cannot con-
duct the first-best monetary policy, because this policy does not fulfill the tem-
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poral consistency requirement, as will be seen below: the central bank will face
the incentive not to act tomorrow according to what it announces today. An-
nouncing that the first-best monetary policy will be conducted is therefore not
credible.

The existence of a commitment technology enables the central bank to avoid
the trap of discretionary optimization by tying its hands: announcing that the
first-best monetary policy will be conducted is then credible, because the central
bank will be compelled to meet its obligations. In this case, it does not re-
optimize at each period, but only implements the policy decided beforehand.

By first-best monetary policy, we mean the unique impulse-response function
for variable r which is compatible (via the IS equation) with the first-best equi-
librium. And by first-best equilibrium, we mean the unique impulse-response
funetions for variables Apy and y which minimize the loss function L; subject
to the constraint represented by the Phillips curve.

In other words, we specify the variables as (possibly not time-invariant)
linear combinations of the complete history of the exogenous disturbances,
from date ¢t onwards, up through the current date ¢t + n: Apyyin =
Yoo (B3 *eltnoi + Ay *elt 0 1)y thin = koo (07 %eltn + S F el n i)
Toen = Yopeo (S el + gh ¥ ei2,. ) for n > 0, and we determine these
linear combinations which minimize the loss function subject to the constraints
represented by the structural equations.

Note that there are two steps in ovr approach. The first step, involving
{1.2.4) and (1.2.5), determines the optimal impulse-response functions (that
is to say the optimal patterns of responses to disturbances, or equivalently the
optimal state-contingent paths) for Apg and y. For either variable, the impuise-
response function thus defined turns out to be unique. The second step, using
{1.2.3), residually determines the (here again unique) impulse-response function
for r associated with the ones obtained for Apy and y.

In so doing, we leave temporarily aside the question of whether the impulse-
response function obtained for r is compatible only with the (optimal) impulse-
response functions obtained for Apyr and g, or with other (non-optimal) impulse-
response functions for these two variables as well. This question abviously mat-
ters, as it amounts to ask whether or not the central bank should express its
instrument r ex ante in the form of this impulse-response function. This ques-
tion matters so much actually that we choose to devote the next two sections
to answering it. (The answer will be negative.)

Note also that unlike many studies, we are not optimizing over a low-
dimensional parametric family of monetary policy rules {usually Taylor-type
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rules). We are not even following the approach adopted (to our knowledge
only) by Clarida, Galf and Gertler (1999), Woodford (2003, chap. 8), Giannoni
and Woodford (20032, 2003b), which consists in seeking what Clarida, Galf and
Gertler (1999) call the “unconstrained optimal rule”, that is to say the opti-
mum within the class of rules which are time-invariant linear combinations of
the entire history of shocks. Indeed, we are optimizing over the family of rules
which are (possibly not time-invariant) linear combinations of the entire his-
tory of shocks. As shown in the appendix, the optimal rule turns out to be
time-invariant anyway.

Before turning to the results, let us consider the optimum within the class
of rules which specify the nominal interest rate r; as a linear combination of
the current shocks €i* and £f° only. As noted by Clarida, Gali and Gertler
(1999), Woodford (2003, chap. 7), the consideration of this (arbitrarily) re-
stricted family of rules has a pedagogical virtue, as it shows whether what mat-
ters is commitment with inertia or commitment without inertia. The resolution
of the optimization problem is then very simple: it amounts to follow the pro-
cedure presented above while imposing the restriction ¥n > 1, Vk € {1,...,n},
ab k= ppk = ik = gn—k = fn—k = gn—k — 0, Because shocks are assumed
to be serially uncorrelated, we find that the corresponding optimum coincides
with the optimal solution in the absence of any commitment technology. In
other words, commitment to a non-inertial behaviour is not welfare-improving
(relatively to no commitment) in our framework.

The resolution of the model (in the general case) is given in the appendix.
‘We obtain the following impulse-response functions:

) 2§ m 1
Apyye = }—Bz-ef': and Apyiin = E_A%_i?ﬁefc forn>1,

—y§zn 1

Yern = -—-E\-u—ef"' for n > 0,

1y, 202828 — (L4 8+mz+1] 4
t 1

"t Bx(1— B2)
B - (1 +B+m)2+1] 2
Tt4n = Bn (= 2) e forn>1,

where z is a constant, expressed in the appendix as a function of the param-
eters. These results characterize completely the optimal equilibrium in the CE2
case, and need to be completed by the impulse-response functions of Ae and Ap
to characterize completely the optimal equilibrium in the FL2 case. As in the
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previous subsection, monetary policy insulate the output gap and the inflation
rate from the effects of demand shocks % (by adopting a “leaning against the
wind” attitude), but not from those of cost-push shocks £7°.

The main difference between these results and those of the previous subsec-
tion is that the effect of £}° is more prolonged here. The shock £P is one-shot,
but the variations in Apy, y and r display some inertia. This is because the
central bank can now trade off not only between a higher inflation rate and a
lower output gap at a given date, but also between the present and the future
situations. In other words, the commitment technology enables it to spread the
burden of the adjustment to the shock over several periods. Note that com- -
mitment (which enables the central bank to credibly choose the entire future
state-contingent evolution of the nominal interest rate, once and for all, at date
t) does matter here, because the central bank faces no actual incentive to go on
reacting to bygone shocks.

This inertial feature of the first-best monetary policy is interpreted by Wood-
ford (2003, chap. 7) in the following way: as implicitly stated by the (iterative)
IS equation, the effect of monetary policy goes through the long term interest
rate, which is determined by market expectations of future short-term interest
rates, so that the central bank must make the private sector expect future short
term interest rates maintained at given levels to substantially affect the current
output gap and inflation rate. To support this interpretation, Woodford (2003,
chap. 7) reports the results of empirical studies providing evidence that the
variations in long-term interest rates are contemporaneously affected by those
in short-term interest rates.

Let us focus on the impulse-response functions of the different variables to
the cost-push shock. Following a positive shock §°, the price level increases
at date ¢, then decreases and tends exponentionally towards iis long run value.
The latter, noted py 4o, is characterized by pg 400 — PHi-1 = gﬁ—f%sf": the
final value of the price level is therefore higher than its initial value if and only
if § > B, that is to say if and only if the monetary authorities are more patient
than the private agents. In the meantime, the output gap decreases at date t,
then increases and tends exponentially towards its stationary value (¥4, = 0).

The central bank reacts to the initial positive shack £} either by increasing or
decreaging the nominal interest rate, depending on z being respectively lower or
higher than the unique real root?® in-between 0 and 1, noted z, of the polynome
P(g) = Bg® — {1+ 8++vm)q+ 1. This value z corresponds indeed to what
could be called a natural harmonic of the system, that is to say a root of the

$The analytical expression of this root is given in subsection 1.3.3.
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characteristic polynomial of the system’s recurrence equation when monetary
policy is passive (ro1n =0 for n > 0).

When z < z, the central bank wants the different variables to tend towards
their long run values more rapidly than allowed by the economic system left
by itself: it increases then the nominal interest rate in order to speed up this
convergence process. On the contrary, when z > z, the central bank wants
to slow down the convergence of the different variables towards their long run
values, which makes it decrease the nominal interest rate following a positive
cost-push shock.

Note that if § = dg, the condition z < z is equivalent to nA < ¥: we find
again here the inequality obtained in the previous subsection. Thus, in the
special case (o, u) = (1,1) and (5, A) = (85, As) considered above, this condition
is necessarily satisfied, as it is equivalent to £ > 1, so that monetary policy
is always tightening in reaction to a positive cost-push shock (i.e. a negative
productivity shock), all the more so that the elasticity of substitution £ between
the varieties of the differentiated good is large. (Indeed, a larger £ implies a
larger welfare cost of inflation and therefore a larger weight on the inflation
objective of the central bank.)

This outcome, under our preferred specification (o, u) = (1,1) and (6,1) =
(83, As), proves in accordance with the conventional wisdom, which states that
monetary policy, when aimed at stabilizing aggregate output, should react pro-
cyclically in the case of productivity shocks and countercyclically in the case
of demand shocks, because in so doing it replicates the behaviour of the (real)
economy under flexible prices. The mechanisms at work are different here, as
the inflation rate enters the loss function in our framework, but the conclusion
is the same,

In both cases (z < x or z > z), the nominal interest rate, after its reaction
at date ¢, tends exponentially towards its initial value (ryoo = 0). In the
intermediate case z = z, the nominal interest rate keeps equal to zero (rr4n =0
for n > 0): the central bank remains passive ex post, but active ez ante, since
it follows a monetary policy rule, as indicated in sections 1.4 and 1.5.

The other impulse-response functions are obtained as previously:

__—1 is S(mA -1z pe
Aet_ ﬂet + BT’A Egv

1, [B2-(1+B8+mz+1]z
Aepy = =€ + ebe,
Ty B\ (1 — Bz) ¢
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2 _ L]
¥ [B22 - (1+B8+mz+1]z e horn > 2,

Aeetn = Brr(l— B2)
—(1—a) 4  dlHA—7)+a]z
A;pg = 7 5: + ﬁnA efc:
l-a g, yil-a)1-2)(1—8z)— 2z
Aper == BnA (1 - Bz) o

—_ — 3
Appin = il -a) (;n)‘z()l(i ﬂ:;z) 7] 2 el forn > 2.

The impulse-response functions of Ae and Ap to the shock &f* are identical
to those described in the previous subsection, since the central bank reacts in
the same way to the shock £3° with or without commitment technology. The
modei therefore predicts in particular that no matter whether a commitment
technology is available or not, the nominal exchange rate appreciates at date ¢
and depreciates at date ¢ + 1 following a positive £i* shock, to go back to its
initial value.

Following a positive £i° shock, the nominal exchange rate depreciates (if
§ > P) or appreciates (if § < #) in the long run: ejoo —€_3 = ;'l'f 3¢t in
order to offset the increase or decrease in the producer price level. It depreciates
from date t+1 if and only if z < z: we find again naturally the distinction made
above. And it depreciates at date t if and only if A > : we find again here,
more unexpectedly, the distinction made in the previous subsection.

Thus, in the special case (o,4) = (1,1) and (8, 1) = (ds,As) examined
above, where both conditions z < z and pA > -y are equivalent to £ > 1, the
nominal exchange rate appreciates instantaneously and depreciates thereafter,
following a positive cost-push shock, to go back in the long run to its initial valye,
Its volatility depends positively on the elasticity of substitution & between the
varieties of the differentiated good, because so does the volatility of the nominal
interest rate, as seen above. Tn the limit case ¢ = 1, the nominal exchange rate
remains fixed, whatever the shocks £P¢ affecting the small open economy.

As for the evolution of the consumer price index, it is explained by that of
the nominal exchange rate and the producer price index, in the same way as in
the previous subsection.

Let L¥L2? denote the mean E {L;} of the loss function in the FL2 case.
Because shock ¢ is serially uncorrelated, we obtain:

LFiz o %%y (pey.

T B~
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In a flexible exchange rate regime, the existence of a commitment technology
is of course beneficial:

LFI — [F12 = T V(e > 0.
(1-8) (P +A)(1-8z)

This is because with the help of a commitment technology, the central bank
is able to trade off not only between a higher inflation rate and a lower output
gap at a given date, but also between the present and future situations.

1.3.3 Fixed exchange rate regimes with commitment (FI1
and Fi2)

This third subsection focuses on the case of fixed exchange rate regimes with
commitment. By “with commitment”, we mean either commitment to a (time-
inconsistent) monetary policy rule ensuring the fixity of the exchange rate, or
adoption of an irrevocably fixed exchange rate regime. In the former case,
labelled FI1, there are still a national central bank, still a monetary policy
rule. In the latter case, labelled FI2, there are no more national central bank,
no more monetary policy rule. The fully-ledged dollarization of some small
South American economies and the EMU-membership of some small European
economies fall into the latter case.

The distinction between FI1 and FI2 obvicusly matters in terms of monetary
policy rules: in the former case, the central bank remains passive er post, but
active ex ante, since it follows a monetary policy rule, as indicated in sections
1.4 and 1.5; in the latter case, the (shadow) central bank is passive ex ante. As
far as the resolution of the model (i.e. the outcome) is concerned however, there
iz no difference between FI11 and FI2, and we shall speak of the general FI case
in the present subsection.

For the nominal exchange rate to remain fixed, we need two (straightforward)
conditions to be satisfied: Ae; = 0 and Aeiyn = 0 for n > 1. The second
condition implies, via the non covered interest rate parity, that the nominal
interest rate should keep constantly equal to its stationary value: reyy, = Q for
n > (). That ry;,, =0 for n > 1 in particular implies in turn, together with the
IS equation and the Phillips curve, that the inflation rates Apg 4y, for n > 1 (we
drop the operator E; {.} to simplify the notations) follow a recurrence equation
whose second-order characteristic polynomial has x and z’ for roots, where:

B 1+ﬁ+'m—\/(1+ﬁ+'m)2—4ﬁ
= % ,

x
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14+ 7+ (1 +B8+70)’ — 48
= 55 .

‘We easily check that 0 < z < 1 and &’ > 1. The general form of the solution
is the following: Apgt4n = ¢z® + ¢'z™ for n > 1, where ¢ and ¢’ are two
real numbers. Now, the conditions Ae; = 0 and Aegyn, = 0 for n > 1, together
with equation (1.2.6), imply ¢’ = 0, if we reasonably assume that Apy ; # +00,
in other words if we assume that the inflation rate has a finite value at each
date, though allowing this value to become arbitrarily large and to tend towards
infinity as time passes. '

We thus get: Apmeintt = ZApye4n for n > 1. Then the condi-
tion r, = 0, together with the IS equation and the Phillips curve, implies
Appg — LApys1 = vl + €f°, and the long-run condition (1.2.6) becomes
Apms + ﬁ-;APH.tH = 0. These three equations enable us to get App ¢4v, for
n 2 0, from which we recover ¥y for n > 0 with the help of the Phillips curve.
We thus obtain the following impulse-response functions:

a:!

APHJ = 7-775:’ + msfc’

Apgisn=—7(1—z)z el —(1—z)z el forn > 1,

yt=$(1+ﬁ_ﬁ$)5§a_' (l_ﬁx‘)y(l_x)efc’

(1-8x)(1-=x)z"
Y

Note that these impulse-response functions have been obtained without any
optimization of the loss function: they actually characterize the only possible
equilibrium in a fixed exchange rate regime.

One result contrasts with those of the previous subsections: the output gap
and the inflation rate are no longer insulated from the effects of demand shocks
", This is because a “leaning against the wind” monetary policy reaction
to these shocks would be incompatible with the fixity of the exchange rate.
Following a positive shock 3%, the price level increases at date ¢, then decreases
and tends exponentionally towards its initial value (py 400 = Pai-1), S0 that
PPP holds in the long run. In the meantime, the output gap first increases (at
date t), then decreases by more (at date £+ 1), before eventually increasing and
tending exponentially towards its stationary value (¥4 = 0).

eb® for n > 1.

Yern = — (1 - Bz) (1 — 2)2"el
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Following a positive shock ££°, the price level increases at date ¢, then de-
creases and tends exponentionally towards its initial value (Pr,+00 = PHt-1),
so that once again PPP holds in the long run. In the meantime, the output gap
decreases at date t, then increases and tends exponentially towards its station-
ary value (Y400 = 0). The speed of convergence of the variables is measured by
parameter x, which corresponds to what we have called a natural harmonic of
the system. The higher z, the slower the convergence of these variables towards
their long run values.

Note that commitment (whether to a monetary policy rule in FI1 or to the
fixity of the exchange rate in FI2) does matter here, because without it the
central bank would seek to react to the shocks. Note finally that we also have,
of course, Ap; = aApy, and Apyn = alpysn forn> 1.

Let us note L¥! the mean E {L,} of the loss function. Given that shocks
€P¢ and £ are serially uncorrelated and orthogonal to each other, we obtain:

LFT 22 {(1+28+8+8%) —2(B+0+ P86+ %) z+ B (B+26)z?]
- (1~8)(1 - éz?)
+72 (146 —2622) 22 + A(1 - )’ (1 — z)°
7 (1-48)(1-6z2)

174 (Eia)

V (%),

where V (¢**) denotes the variance of £*. The comparison between LF!
and LFL2 proves easier than that between L¥7 and L¥L1%, Indeed, since a non
contraint optimization is more performing than a constraint one, we naturally
have: LF! > LFL2, Moreover, we can show that LF! = LFL% &= V (*) = 0,
é = f and z = z. In this case indeed, the optimal monetary policy in the FL2
case is passive (ex post) and therefore coincides with the necessary monetary
policy reaction in the FI case.

Thus, in the absence of demand shocks and in the special case (o,pu) =
(1,1) and (4,A) = (dg,As) examined above, where z = £ < € = 1, the
fixed exchange rate regime is close to the optimal regime if the elasticity of
substitution £ between the varieties of differentiated good is close to one. As
€ increases (from £ = 1), the welfare cost of inflation increases as well and
therefore so does the relative weight of the central bank’s inflation objective, so
that the optimal monetary policy reaction to a positive cost-push shock in the
FL2 case is no longer passivity, but a rise in the nominal interest rate, which is
incompatible with the fixity of the exchange rate.

9Monacelli (2003) finds in & quasi-identical framework, through calibration and simulation,
that LT can indeed be lower than LFL! when A is high or when u is high while « is low.
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At first sight, the canonical New Keynesian model considered here takes
into account none of the advantages usually attributed to the fixed exchange
rate regime, because it focuses on its stabilization properties: the flexibility of
the nominal exchange rate (FL1 and FL2 vs. FI) enables the central bank to
trade off between Apg, and 3 in very much the same way as the existence of
a commitment technology {FL2 vs. FL1) enabled it to trade off between the
present and the future situations.

As a consequence, not only does our framework offer a biased point of view on
the fixed exchange rate regime, but it also provides no rationale for the adoption
of such a regime. Indeed, either no commitment technology is available, and the -
central bank will not be able to escape the FL1 equilibrium; or a commitment
technology is available, and the central bank will prefer to stick to a (time-
inconsistent) monetary policy rule implementing the FL2 equilibrium rather
than to stick to a (iime-inconsistent) monetary policy rule implementing the
FI1 equilibrium.

In order to tip the scales towards the fixed exchange rate regime, the con-
sideration of an exogenous shock £° affecting the nominal exchange rate under
a flexible exchange rate regime, specified as a variable risk-premium added to
the non covered interest rate parity equation, would not fit the bill. Indeed,
this shock would merely end up as a component of the aggregate demand shock,
whose effect on the target variables is completely countered by monetary policy
in a flexible exchange rate regime,

What we would need instead is an exogenous shock 7, added to the mone-
tary policy rule and representing the involuntary and non-systematic deviations
of the nominal interest rate from its value prescribed by the monetary policy
rule, so as to account for the central bank’s shaking hand. The introduction of
such a shock would create a non-degenerated trade-off, depending on the vari-
ance V (€”), between the FL2 and the FI2 regimes. Besides, we could say that
one (less easily quantifiable) advantage of the FI2 regime over the FI1 regime,
which will become apparent in section 1.5, is that the FI2 regime does not make
the implementation of the desired equilibrium rest on the perilous application
{by the central bank) and the improbable understanding (by the private agents)
of a rather complicated monetary policy rule. This result would tend to be in
accordance with conventional wisdom, which advocates the choice of a “corner
solution” for the exchange rate regime.
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1.4 Adoption of a monetary policy rule

In this section, we first illustrate the well-known fact that the adoption of a
monetary policy rule expressing the nominal interest rate as a function only of
the exogenous shocks leads to multiple equilibria. We then indicate how the
adoption of a monetary policy rule expressing the nominal interest rate as a
well-chosen function of the endogenous variables enables the central bank to
select the desired equilibrium among these multiple equilibria. Finally, we lay
emphasis on the importance of ruling out divergent equilibria in particular.

1.4.1 Existence of multiple equilibria

Section 1.3 shows that a necessary condition for the minimisation of the loss
function (in the FL1 and FL2 cases) or for the fixity of the exchange rate (in
the FI1 case) is that the nominal interest rate should follow a well-defined state-
contingent (i.e. expressed as a function of the exogenous shocks) path, which
of course depends on the case considered (FL1, FL2 or FI1). This condition
is necessary, but not sufficient. Indeed, in the FL1 and FL2 cases, this path
{Te+n)yzo Proves compatible not only with the optimal paths (Apy,t4n),>e
and (Ys+n),»o Obtained in subsections 1.3.1 and 1.3.2, but also with an infinity
of other paths which do not minimize L;. Similarly, in the FI1 case, the path
Teen = O for n > 0 does imply E; {Aen} =0 for n > 1, but not Ae; =0, so
that the fixity of the exchange rate is not ensured.

As an illustration, let us assume that the central bank pledges in a credible
way to choose a nominal interest rate following the path obtained in the FL2
case. Equations {1.2.3) and (1.2.4) then imply that the expected inflation rates
E; {ApH t4n}, >, satisfy a recurrence equation of order three, whose character-
istic polynomja_l has z, z and z’ for roots. The general form of the solution is
the following: E; {Apwgtin} = az™ + bx™ + cx™ for n > 1, where a, b and ¢ are
three real numbers.

We therefore have four unknowns (a, b, ¢, Apy ), which must be determined
by the initial condition(s). {Once the current and expected future inflation rates
are determined, the current and expected future output gaps are residually
obtained through the IS equation.) Now, we only have one initial condition,
namely a mix of the IS equation, the Phillips curve and the monetary policy rule
taken at date ¢, involving E, {Apy 43}, B {Aprsve}, By {Apyei1} Apaye, €F°
and e7°. The results obtained in subsection 1.3.2 {corresponding in particular to
b = ¢ = 0) represent of course one possible solution, but there exist an infinity of
other solutions, either convergent or divergent, which are usually called “sunspot
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equilibria” as they do not depend only on the fundamentals.

This multiplicity of equilibria comes from the fact that the present values
of the inflation rate and the output gap depend in particular on their expected
future values, via the IS equation and the Phillips curve. Now, these expected
future values cannot be controlled by the central bank: the model says how
the private sector’s expectations influence the current situation, not the other
way round, as Woodford (2003, chap. 2) makes clear!. Qur framework is thus
one in which the current situation depends on expectations about the indefinite
future, hence the indeterminacy of the equilibrium.

Kerr and King (1996), Bernanke and Woodford (1997), Clarida, Galf and -
Gertler (2000), McCallum (1999¢) identify and discuss this nominal and real in-
determinacy of the equilibrium in the canonical New Keynesian model!!. Their
framework is that of a closed economy with a commitment technology avail-
able to the central bank, and the following literature about indeterminacy in
the canonical New Keynesian model has stuck to this framework, which cor-
responds more or less to our CE2 case (i.e. our FL2 case with a = 1), more
or less do we say because most of the existing studies consider specific (usually
Taylor-type) monetary policy rules rather than the ones implementing the op-
timal equilibrium. We argue that this indeterminacy problem arises not only in
the FL2 case, but also in the FL1 and FI1 cases!?.

1.4.2 Selection of a unique equilibrinm

The remedy advocated by the existing literature to remove (at least partially)
this indeterminacy consists in choosing an adequate monetary policy rule ex-
pressing the nominal interest rate r; as a function of past, present or expected
future endogenous variables, rather than as a function of the exogenous shocks
&' and ¢7 having occurred in the past and occuring in the present (as implicitly

1013 Woodford’s own terms (2003, chap. 2): “Such reasoning involves a serious misunder-
standing of the causal logic of [the] difference equation [{1.2.4)] [..]. The equation does not
indicate how the equilibrium inflation rate in period ¢ + 1 is determined by the inflation that
happens to have occurred in the previous period. [...] But instead, the equation indicates how
the equilibrium inflation rate in period ¢ is determined by expectations regarding inflation
in the following period. These expectations determine the real interest rate, and hence the
incentive for spending [...]".

W Thiy indeterminacy was first identified by Woodford (1994), but in a framework different
from that of the canonical New Keynesian model. It is slso mentionned by Svensson (2000)
in a more general framework. Besides, McCallum (1999b) discusses the fact that this is no
mere nominal indeterminacy. In another context, Sargent and Wallace (1975) were the first to
point to the {(nominal} indeterminacy of the equilibrium when the monetary policy instrument
is the nominal interest rate, rather than the money stock.

12 Actually, Benigno, Benigno and Ghironi (2002) do also acknowledge this indeterminacy
problem in the case of a fixed exchange rate regime, though not within the framework of the
canonical New Keynesian model.
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done in section 1.3). Besides, another rationale put forward in the literature
for adopting such a monetary policy rule, rather than specifying the nominal
interest rate as a function of the complete history of the exogenous disturbances,
is that this kind of rule typically requires the knowledge of no more than a few
lagged, current and expected future endogenous variables.

In the previous example corresponding to the FL2 case, if r; is expressed as
a function of Apg; and y, or of E; {Apg s} and E¢ {y1n} for n > 1, then
the number and the values of the roots of the characteristic polynomial of the
recurrence equation followed by the expected inflation rates E; {Apa s4ntney
are a priori modified, as well as the expression of the initial condition. If Ty I8
expressed as a function of Apy;_p, and gy, for n > 1, it is then not only the
number and the values of the roots of the characteristic polynomial, as well as
the expression of the initial condition, which are ¢ priori affected, but also the
number of initial conditions.

Actually, we can independently control the number of roots of the charac-
teristic polynomial and the number of initial conditions. For instance, adding
a term w{Apys—1 — BApus — Y—1), where w # 0, to an otherwise non
backward-looking monetary policy rule, provides one more initial condition
without affecting the degree of the characteristic polynomial. Indeed, this addi-
tional term becomes wel® in the expression of E; {r¢+1} and 0 in the expression
of E; {re4n} for n > 2, because it corresponds to the deterministic part of
the Phillips curve. Adding this term amounts therefore somehow to postpone
the starting date of the recurrence equation, without affecting this recurrence
equation.

To decrease the number of roots of the characteristic polynomial amounts to
decrease the number of unknowns. To increase the number of initial conditions
amounts to increase the number of equations. An adequate choice of mone-
tary policy rule can therefore reduce the indeterminacy, and possibly remove it
completely.

For instance, we only need one root (equal to z in the FL2 case and to x
in the FI1 case) and two initial conditions to ensure the implementation of the
results obtained in the FL2 and FI1 cases. Indeed, in each of these two cases,
the results can be summarized by the value for Apy,;, that for Apy 41, and
the recurrence equation Apy in = XAPH t4n—1 for n > 2, where y = z in the
FL2 case and x = x in the FI1 case. (From the impulse-response function of
the inflation rate can then be recovered those of the other variables.} Similarly,
no root and one initial condition are enough to ensure the implementation of
the results obtained in the FL1 case.
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A whole branch of the New Keynesian literature, whose most representative
authors are Bernanke and Woodford (1997), Woodford (1999; 2003, chap. 4,
7 and 8), Giannoni and Woodford (2003a, 2003b), aims at characterizing the
monetary policy rules ensuring the implementation of the unique optimal equi-
librium. As already said, these studies focus on the CE2 case (i.e. the FL2 case
with a = 1), while we flush the indeterminacy problem not only in the FL2 case,
but also in the FL1 and FI1 cases. More importantly, the literature has been
concerned only about the possible existence of multiple convergent equilibria’3,
which entail endogenous fluctuations, and has disregarded divergent equilibria
so far. We do not.

1.4.3 Ruling out divergent equilibria

Almost all the existing studies'? concerned about the possible indeterminacy of
the equilibrium restrict their attention to bounded paths, and thus are satisfied
with obtaining the unicity of the path of each variable conditionally on its
boundedness. In other words, they characterize monetary policy rules which
rule out all convergent equilibria other than the optimal one, but which do
not a priori rule out divergent equilibria. In the example of subsectior 1.4.1,
with 0 < z <1 < 7’ and 2z < 1 (the appendix provides a sufficient condition
for the latter inequality to be satisfied), this would amount to let parameter b
be free, rather than constrain it to be nil. The reason usually put forward to
justify this restriction is that the linearization of the model is acceptable only for
small macroeconomic fluctuations around the steady state, and therefore is not
adapted to the study of non-bounded paths; as a consequence, the latter should
be ignored. We disagree with this justification for two (alternative) reasons.
First, we may wish to rule out divergent equilibria as a precautionary mea-~
sure. Indeed, suppose that the central bank adopts a monetary policy rule
which does not preclude the development of divergent paths. If we consider

13Rather an isolated voice, McCallum (1999¢c, 2000) expresses doubts on the empirical rel-
evance of these multiple equilibria, and thinks that the fundamental {or bubble-free) solution
is the most likely to emerge in the economy.

14 Apart from Claride, Galf and Gertler {1999), we know of only three exceptions which
do not disregard unbounded solutions among all these possible saddie-point equilibria. First,
Christiano and Gust {1999) distinguish between determinate, indeterminate and explosive
equilibria, but their work hinges on numerical simulations, not analytical results, within the
framework of & limited participation model, not the framework of the canonical New Keynesian
model. Second, Batini and Haldane (1999) distinguish between explosive and non-explosive
(simulated, not analytical) solutions to a New Keynesian model close {o our canonical version,
but fail to acknowledge the possible existence of multiple (non-explosive) equilibria. Third,
in a more general framework than ours, Currie and Levine (1993, chap. 4, section 5) consider
“overstable feedback rules” which remove all unstable roots from the sysiem, but these rules
do not remove undesired stable roots and hence do not rule out multiple (bounded) equilibria.
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an ad hoc exogenous commitment technology (thus forbidding the central bank
to abandon its monetary policy rule, whatever the welfare costs caused by the
divergent equilibria), then we lose sight of these divergent paths as soon as the
variables are sufficiently far away from their stationary values, not only be-
cause these paths then invalidate our log-linear approximation of the model,
but also because they invalidate the model itself, and in particular our price-
setting specification & la Calvo (1983), our CES modelization of the domestic
consumption basket, or our assumption on the currency in which prices are
quoted. In particular, we have no clue about whether these paths eventually
violate the transversality condition'® and (in the case of a small open economy)
the long-run PPP condition (1.2.6), that is to say about whether these paths
actually correspond to equilibria of the model. In the end, we know very little
about divergent equilibria, not even whether they exist or not, only that they
are likely to be welfare-reducing if they exist, so that it seems more prudent to
us to seek to rule them out,

Second, and more importantly, there exists actually no such thing as an ex-
ogenous commitment technology, by which the central bank commits itself to
sticking to its monetary policy rule. Only in the FI2 case should the commit-
ment technology be considered as exogenous, as the commitment then applies
to the fixity of the exchange rate, not to a monetary policy rule. In the FL2
and F1I1 cases, it seems more relevant to deal with an endogenous commitment
technology, coming from reputation effects for instancel®, so that the central
bank weighs the pro and contra before deciding whether to stick to its mone-
tary policy rule. Suppose then that a divergent path starts to develop in the
neighbourhood of the steady state. The central bank will therefore sooner or
later abandon its monetary policy rule in order to bring the divergent variables
back to their steady state values. In the end, what we call a divergent path
may actually remain constantly in the neighbourhood of the steady state, thus
violating neither the transversality condition nor (in the case of a small open
economy) the long-run PPP condition (1.2.6).

All these considerations point to the fact that divergent equilibria do indeed
matter in our context. Now the question arises of how exactly to rule out
these divergent equilibria. To this question the literature provides one answer,

15 As Blanchard and Fischer (1989, p. 78) put it: “Of course, the proof that the transver-
sality condition is violated on all but the saddle point path in the linearized system does not
egtablish the fact that the paths of the original system that are not saddle point paths explode
[} A complete proof requires a characterization of the dynamics of the original nonlinear
aystem".

187,0isel (2008) represents e first attempt at endogenizing the commitment technology in
the canonical New Keynesian model through reputation effects.
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put forward by Clarida, Gali and Gertler (1999, p. 1701), who rightly argue
that the credible threat of the central bank to act eventually as a “stabilizer of
last resort” is enough to nip any divergent equilibrium in the bud: “To avoid
global indeterminacy, the central bank may have to commit to deviate from
a simple interest rule if the economy were to get sufficiently off track. This
threat to deviate can be stabilizing, much the way off the equilibrium path
threats induce uniqueness in game theory. Because the threat is sufficient to
preclude indeterminate behavior, further, it may never have to be implemented
in practice.”

Indeed, divergent equilibria will be precluded if the private agents expect -
the central bank to successfully bring any diverging variable back to its steady
state value in a finite time horizon. However, such a reasoning could be applied
to non-optimal convergent equilibria as well!” and would consequently remove
any need for the central bank to follow a well-defined monetary policy rule.
Ultimately, the optimal monetary policy could then be unspecifically defined in
these general terms: react in the future in a dissuasive way to whatever path
is not optimal so as to ensure the implementation of the optimal equilibrium.
How exactly to react to each non-optimal path remains in the dark, as Clarida,
Galf and Gertler (1999) do not specify to which monetary policy rule the central
bank should then switch'8,

We argue that the problem of how to stop a developing undesirable path
is very much similar to the problem of how to preclude the development of an
undesirable path. In other words, the question of which monetary policy rule to
switch to in the future to react to an undesirable path amounts to the question

17 Admittedly, this assertion rests implicitly on the assumption that the central bark can
change its monetary policy rule at no cost. Indeed, were the change of monetaty policy rule
costly (e.g. in terms of reputation), the central bank would certainly still face the incentive to
react to a divergent path because the cost of letting a divergent path develop would naturally
outweigh any benefit of sticking to the initial rule, but this result would not necessarily hold
in the case of a (non-optimal) convergent path. Now, this assumption of non-costly change of
monetary policy rule may prove quite strong, especially so when the issue of commitment to
the time-inconsistent first-best monetary policy is considered (as in the FL2 case}, whether
this commitment is exogenous or comes from reputation effects.

18The central bank may actually even switch to a monetary policy not defined by an interest
rate rule. As an illustration, the following quotation details Benigno, Benigno and Ghironi’s
(2002, p. 7) proposition to rule out divergent equilibria in the FII1 case: “To summarize, we
have shown that either the exchange rate is fixed or there is a positive probability that the
exchange rate will explode or implode in an infinite time. How can we rule out these explosive
equilibria and determine a unique rational expectations equilibrinm with a fixed exchange
rate under rule {...|7 We can eliminate the explosive solutions by assuming that awthorities
are committed to drastic policy actions if the exchange rate settles on an explosive path. An
example of such commitment is the assumption that each monetary authority can back its
currency with a fraction, even small, of some assets (such as gold) or with goods, in the case
the currency becomes too devalued.”
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of which monetary policy rule to follow in the present to preclude undesirable
equilibria. Indeed, as will be clear later, both these monetary policy rules are
necessarily forward-looking so as to insulate the current inflation rate from the
private agents’ sunspot-prone expectations about the future situation. Instead
of two monetary policy rules, say one for the present to preclude all non-optimal
convergent equilibria and the other for the future to react in a dissuasive way
to divergent paths, we propose therefore a single monetary policy rule which
ensures the implementation of the unique optimal equilibrium by precluding all
non-optimal convergent and divergent equilibria.

1.5 Characterization of the adequate monetary
policy rules

This section characterizes the monetary policy rules ensuring the implementa-
tion of the optimal equilibrium determined in section 1.3, in each of the relevant
cases considered (FL1, FL2 and FI1), while the existing literature attempts to
do it only in the CE2 case (i.e. the FL2 case with o = 1). As made clear by
gection 1.4, we require (unlike the existing literature) from a monetary policy
rule the property to rule out not only all convergent equilibria other than the
optimal one, but also all divergent equilibria. Table 1.2 shows that of all the
existing studies based on the canonical New Keynesian model, only Giannoni
and Woodford (2003a, 2003b) as well as Woodford (2003, chap. 8) do consider
a class of monetary policy rules which includes what we call adequate monetary
policy rules.

Besides, in both the closed economy and the small open economy cases, we
restrict our attention, like Woodford (2003, chap. 8), Giannoni and Woodford
(2003a, 2003b), to the monetary policy rules which express the nominal interest
rate as a function only of the (past and present) exogenous shocks, the (past)
nominal interest rates and the (past, present and expected future) target vari-
ables. This restriction is merely to keep things as simple and our message as
clear as possible: of course, the same reasoning and the same qualitative results
would hold, were this assumption to be relaxed. In effect, it amounts to forbid
2 in the closed economy case, pg, p, €, Ap and Ae in the small open economy
case to enter the monetary policy rules considered, as none of these variables is
a target variable in our framework (i.e. none of them enters the loss function).

This section is divided into two subsections, which examine respectively the
forward-looking part and the backward-looking part of the adequate monetary
policy rules.
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1.5.1 Forward-lookingness

The appendix shows that whatever the case considered (FL1, FL2, FI1, as well
as in particular CE1 and CE2), the finite linear monetary policy rules ensuring
the implementation of the desired equilibrium are necessarily forward-looking'®
in a well-defined manner, so as to control the effect of the expected future values
of the inflation rate and the output gap on their present values.

More precisely, the only way to remove indeterminacy consists in choosing a
monetary policy rule whose forward-looking part counters exactly the effect of
expected future values of the inflation rate and the output gap on the present
value of the inflation rate, that is to say that it opposes this effect so as to
cancel it. This effect is described by the IS equation in which g and E; {g41}
are expressed as a function of E; {Apg 42}, Et {ApH.e+1}, Apr, and ef° with
the help of the Phillips curve:

Appy = €8° +es® ~— vy + (1 + B+ 1) E: {Apn e} — BE: {Apu 42}

The forward-looking part of r; should therefore amount to the term
7 [(1+ B+ ) B {Apr 41} — BE; {Apy,e42}]°. Only at this condition will
the present value of the inflation rate be uniquely pinned down. Each expected
future value of the inflation rate is then determined in a similar way, using the
equation corresponding to the expected application of the monetary policy rule
in the future?!, while the present and expected future output gaps are residually
determined by the Phillips curve.

This result can be interpreted in the following way. In the canonical New
Keynesian model, current variables depend on expected future variables, so that
in order to pin down current variables, monetary policy should first pin down
expected future variables. But these expected future variables depend in turn
on still further expected future variables, and so on, so that a possible indetermi-
nacy problem arises in this framework. The only way to remove indeterminacy

18Forward-looking monetary policy rules in our framework correspond to “implicit instru-
ment rules” in the terminology of Woodford (2003, chap. 8), Giannoni and Woodford (2003a,
2003b): “an implicit instrument rule [...] is a formula for setting the policy instrument as a
function of other variables, some of which must be projected by the central bank in order to
implement the rule, with the projections themselves being conditional upon (and affected by)
the instrument setting”. (Authors’ emphasis.)

0 Complete examples of adequate monetary policy rules, including both the forward- and
the backward-locking parts of these rules, will be given in the next subsection.

2n other words, Apy s is determined by the application of the monetary policy rule
at date ¢, while E; {Apy 4k} for k > 1 is determined by the expected application of the
monetary policy rule at date £+ k.
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is for monetary policy to be forward-looking so as to disconnect current vari-
ables from expected future variables, more precisely to disconnect the current
inflation rate from expectations about the future situation. In so doing, the
central bank kills two birds with one stone: not only does it insulate the current
inflation rate from the sunspot-prone expectations about the future situation,
but it does also insulate these expectations from sunspots, as they are similarly
disconnected from expectations about the further future situation.

It is well-known that the efficiency of monetary policy in the canonical New
Keynesian model mainly depends on the central bank’s ability to influence the
private agents’ expectations®?. What we argue is that the central bank should
actually react to (and in so doing influence) these expectations so as to cancel
their effects on the current inflation rate. Of course, such forward-looking rules
require from the central bank precise knowledge of the current situation as well
as accurate observation of the private agents’ expectations {conditional on the
monetary policy chosen) about the future situation, not to mention perfect
information about the true values of the parameters, which is unlikely to be the
case in practice, as argued notably by McCallum (1999b)23, But nobody said
central banking was easy.

Note that expectations of future variables can be expressed in a backward-
looking form in equilibrium {ez post), but not out of equilibrium (ez ante). It
is therefore essential that the monetary policy rule should be explicitly forward-
looking. In saying so, we agree with Evans and Honkapohja (2002, 2003), who
insist on ruling out indeterminacy by basing monetary policy on observed pri-
vate expectations?$, but we disagree with Batini and Haldane {1999, p. 161),
according to whom “any forward-looking rule can be given a backward-looking
representation and respecified in terms of current and previously-dated vari-
ables”; similarly with Taylor {1999a, 1999b), who dismisses the very idea of
forward-looking monetary policy rules as of little relevance, on the ground that
forecasts are based on current and lagged data; again with Levin, Wieland and
Williams (2001, p. 3), who argue that “since every forecast can be expressed in
terms of current and lagged state variables, a forecast-based rule cannot yield

23In Woodford’s (2003) own terms, “markets can to a large extent do the central bank’s
work for it" (chap.1), or, more precisely, “the bond market does the Fed's work for it” (chap.
7).
230f all these powers ascribed to the monetary authorities, the ability to observe the private
agents’ expectations seems to us the less far-fetched for two reasons. First, readily available
business and households surveys are more often than not at the disposal of the central bank.
Second, much can be derived from the yield curve about the private agents’ expectations of
future inflation rates and nominal interest rates.

24Their point differs from ours however, as they reach this conclusion under adeptative
learning by private agents.
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any improvement in macroeconomic stability relative to the fully optimal pol-
icy rule (which incorporates all of the relevant state variables)”; and even with
Woodford (2003, chap. 8), Giannoni and Woodford (2003a, 2003b), for whom
“f a forecast-based policy rule can be found that is consistent with the desired
equilibrium, one can necessarily also obtain a purely backward-looking rule [...]
by substituting for the forecast the particular function of predetermined and
exogenous variables that represents the rational forecast”.

As stressed by Bernanke and Woodford (1997) indeed, what actually matters
is not so much the central bank’s forecasts as the private sector’s expectations,
which can be affected by sunspots. Once again, the model says how the private -
sector’s expectations influence the current situation, not the other way round.
The necessity for forward-looking monetary policy rules in our framework comes
directly from the fact that monetary policy should aim at disconnecting the
current situation from the private sector's sunspot-prone expectations about
the future situation?’. In our view, the explicit (and in some cases published)
forecasts on which the central banks of Canada, New Zealand and the UK for
instance base their monetary policy should therefore ideally be made conditional
on the private sector’s expectations.

As shown in table 1.2, the existing literature about forward-looking mon-
etary policy rules within the canonical New Keynesian framework mainly fo-
cuses on simple specific families of monetary policy rules, for instance to ad-
dress the question of the optimal forecast horizon, like Batini and Haldane
(1999), Levin, Wieland and Williams (2001), or the question of the equilibrium
(in)determinacy, like Clarida, Galf and Gertler (2000), Batini and Pearlman
(2002)%6. Of course, their resnlts depend on the class of rules considered. We
adopt the more general approach of Woodford (2003, chap. 8), Giannoni and
Woodford (2003a, 2003b), and consider a much broader class of forward-looking
monetary policy rules. While these authors require from their monetary pol-
icy rules the (robustness) property that they should rule out all convergent

258ome justifications for forward-looking monetary policy rules put forward in the literature
are questionable in our opinion. For instance, Batini and Haldane’s {1999) as well as Batini
and Pearlman’s {2002) monetary policy transmission lags, which require pre-emptive strikes
from the central bank, should be perfectly compatible with purely backward-looking monetary
policy rules.

26Table 1.2 focuses on the studies based on the canonical New Keynesian model, but
things are hardly different for other studies. De Fiore and Liu (2002) for instance, who use a
small open economy model which is no New Keynesian model, consider a very apecific forward-
looking monetary policy rule to address the issue of equilibriym (in)determinacy. They derive
analytical results when possible, calibrate and simulate their model otherwise. Naturally, they
consider only convergent equilibria, like all other studies. However, they happen to have a
particular reason of their own to do so. Indeed, no divergent equilibrium can arise in their
specific model.
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equilibria other than the optimal one whatever the statistical properties of the
exogenous disturbances, we require from ours the (stability) property that they
should rule out not only all convergent equilibria other than the optimal one,
but also all divergent equilibria. What we then find is that this requirement is
enough to entirely pin down (modulo the Phillips curve, as made clear by the
appendix) the forward-looking part of our monetary policy rules.

1.5.2 Backward-lookingness
Flexible exchange rate regime without commitment (FL1)

The appendix shows that in the FL1 case (which includes the CE1 case), the
finite linear monetary policy rules ensuring the implementation of the desired
equilibrium can be backward-looking (N, > 0) or not (N = (), and that the
set of these rules of “size” N is a 3N; + 2-dimensional vectorial space.

Let us take an example. The set of adequate finite linear monetary policy
rules of size Ny = 0 is a 2-dimensional vectorial space. Among these “minimally
history-dependent rules”, in the terminology of Woodford (2003, chap. 8), Gi-
annoni and Woodford (2003a, 2003b), there is only one which satisfies to the
double constraint (¢o,dp) = (—%’%—",O) 27, It is written in the following way:

2
Ty = %Et {ye41} — E%Yﬂyt - %XAPH,: + %E‘;"

This rule is (by definition) applied at each date. The private agents will find
it credible, in spite of the absence of commitment technology, precisely because
it implements the optimal solution in the absence of commitment technology.
In other words, this rule is temporally consistent: if the private agents expect
it to be followed in the future, then the central bank will have no incentive to
deviate from it.

Let us check that this rule does really implement the desired equilibrium.
Suppose this rule is applied at date . Using the IS equation and the Phillips
curve at date t, we then easily obtain Apy; identical to the result of the sub-
gection 1.3.1. Suppose moreover that the private agents expect the rule to be
applied in the future: using the IS equation and the Phillips curve at these dates,
we then get By {Apysin} = 0 for n > 1, which does correspond to the desired
result. The present and expected future output gaps are then determined with
the help of the Phillips curve. The present and expected future interest rates

27We choose this constraint on ¢y throughout the whole subsection because it enables us
to express the forward-looking part of the monetary policy rule in a very simple way, more
precisely to limit this forward-looking part to the single term 3 Bt {ys+1}.
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are eventually obtained with the help of the IS equation. All these results are
identical to those obtained in subsection 1.3.1.

Flexible exchange rate regime with commitment (FL2)

The appendix shows that in the FL2 case (which includes the CE2 case), finite
linear monetary policy rules ensuring the implementation of the desired equilib-
rium are necessarily backward-looking (N > 1), and that the set of these rules
of size N; is a 3N, + 1-dimensional vectorial space. The (partially) backward-
looking nature of these rules offsets the purely forward-looking nature of the IS
equation and the Phillips curve, where no lagged variable features. It amounts
to introduce at each period predetermined variables which can play a anchoring
role and thus provide additional initial conditions.

Let us take an example. The set of adequate finite linear monetary policy
rules of size N3 = 1 is a 4-dimensional vectorial space. Among these minimally
history-dependent rules, there is only one*® which satisfies to the quadruple
constraint (b_y,eo,do,d_1) = (0,— 1 g, o). It is written in the following
way:

B+
Bn

1 1,
T = ;‘]'Et {ye1} — App s+ BApg:—1 + Ee;’,

+ A — ——-—72
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There also exist infinite linear monetary policy rules implementing the de-
sired equilibrium. Indeed, the unique adequate linear monetary policy rule

featuring only the past, present and/or expected future inflation raie (as far as
endogenous variables are concerned) is an infinite rule which is written in the

28Given our requirements, this monetary policy rule happens to be a “direct rule” in the
terminology of Woodford (2003, chap. 8), Giannoni and Woodford (2003a, 2003b), that is to
say & rule which involves only (lags and leads of) target variables. As should be clear from
the appendix however, there also exist adequate monetary policy rules which are not “direct”
in the sense that they involve the lagged nominal interest rate.
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following way:
ry = —PE{Apgare}+ (1+8+m) E{Apyss1}
B =8z v+ (B 1,
o X (5) omm e et

Fixed exchange rate regime with commitment (FI1)

Subsection 1.3.3 has shown that the canonical New Keynesian model as such
provides no clear and direct rationale for the adoption of a fixed exchange rate
regime of the FI1 type. Let us nonetheless suppose that the small economy-
embraces such a fixed exchange rate regime. Even though it keeps the nominal
interest rate constantly equal to its stationary value, the central bank is not
passive: as section 1.4 makes clear, it has to follow ex ante a monetary policy
rule in order to ensure the ex post fixity of the exchange rate.

The appendix shows that in this FI1 case, finite linear monetary policy
rules ensuring the implementation of the desired equilibrium are necessarily
backward-locking (N, > 1), and that the set of these rules of size N; is a 3N;+1-
dimensional vectorial space. Let us take an example. The set of adequate finite
linear monetary policy rules of size N1 = 1 is a 4-dimensional vectorial space.
Among these minimally history-dependent rules, there is only one which satisfies
to the quadruple constraint (b_;,cp, do,d—1} = (0,—~ +n ,0, 0). It is written
in the following way:

_ 1 B+, 1-=z Y
re = nEt {#e+1} Bn Yt Bz Ap‘+,6—(1—ﬁx)yt'1
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1.6 Conclusion

Given how successful the New Keynesian model is nowadays, we found it op-
portune to examine its canonical version in order to give a new insight into
the design of optimal monetary policy rules. Our original contribution is ac-
tually twofold, as we first determine analytically the optimal equilibrium and
then characterize the monetary policy rules ensuring the implementation of this
equilibrium, but we view the latter contribution as much more significant than
the former one.

Our first (and minor) contribution thus consists in fully deriving the model’s
analytical results, which describe the optimal macroeconomic adjustment pro-
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cess to demand and cost-push shocks, for a small open economy (with the closed
economy nested as a special case) in four alternative configurations: a flexi-
ble exchange rate regime without commitment (FL1), a flexible exchange rate
regime with commitment (FL2), a(n ex post) fixed exchange rate regime with
commitment (FI1) and an irrevocably (ex ante) fixed exchange rate regime with
commitment (FI12). Only in a special case (CE1) of the first configuration (FL1)
had these results been fully derived in the existing literature. Moreover, we op-
timize in the FL2 case over a class of possibly not time-invariant solutions, while
on the contrary all existing studies consider only time-invariant solutions.

These results notably indicate that the optimal monetary policy reaction to
a cost-push shock, in the FL2 case, can be to raise or to lower the nominal inter-
est rate, depending on the value of the various parameters. Under our preferred
specification however, monetary policy should be tightened in response to a pos-
itive cost-push shock (i.e. a negative productivity shock), in accordance with
conventional wisdom. As the elasticity of substitution £ between the varieties
of the differentiated good gets closer to one (thus decreasing the welfare cost of
inflation and hence the relative weight of the central bank’s inflation objective),
the optimal monetary policy reaction to a cost-push shock becomes passivity
under this specification, so that a fixed exchange rate regime (FI1 or FI2) pro-
vides in the limit case € = 1 the same welfare level as the flexible exchange rate
regime (FL2) in the absence of demand shocks.

These results also indicate that all variables (among which the inflation
rate, the output gap and the nominal interest rate) are stationary, whatever the
(demand or cost-push) shock and the (FL1, FL2, FI1 or FI2) case considered,
except the price level and the nominal exchange rate following a cost-push shock
in the FIL:1 case, as well as in the FL2 case when the central bank’s degree of
patience differs from the society’s (§ # #). This non-stationarity is not obtained
by Galf and Monacelli (2002}, who disregard the FL1 case and consider the FL2
case only for = §, and only partially obtained by Monacelli (2003), who
examines the FL1 case but considers the FL2 case only for § = 5.

Our second (and major) contribution consists in characterizing the set of
monetary policy rules ensuring the implementation of this optimal adjustment
process, in each of the relevant cases considered (FL1, FL2 and FI1). By con-
trast, the existing literature does it only in the CE2 case (i.e. the FL2 case with
a = 1). Most importantly, unlike the existing literature, we look for stabilizing
feedback rules which rule out not only all convergent equilibria other than the
optimal one, but also all divergent equilibria.

We show that these adequate rules are necessarily forward-looking so as to
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insulate the current inflation rate from the private agents’ sunspot-prone expec-
tations about the future situation. This result provides what is to our knowledge
a new theoretical justification for the observed forward-looking behaviour of
central banks. Indeed, even though the literature has shown that some forward-
looking monetary policy rules could rule out all convergent equilibria other than
the optimal one, forward-lookingness is not a necessary condition to rule out
only convergent equilibria, that is to say that purely backward-looking monetary
policy rules can do the job just as well.

Al these conclusions have been reached within the specific context of the
canonical New Keynesian model, which has been chosen to illustrate our point
in a simple way. This very simple framework car be extended in many ways.
For instance, many aunthors specify the shocks as autoregressive processes of
crder one. This extension would certainly alter the analytical expression of the
optimal equilibrium, but would not fundamentally question or invalidate (qual-
itatively speaking) our conclusions on the optimal implementation of monetary
policy. We could also consider other sources of exogenous disturbances, for in-
stance take into account foreign macroeconomic fluctuations in the small open
economy model, or introduce a risk-premium shock in the uncovered interest
rate parity equation. These extensions would simply add new terms to the ana-
lytical expression of the optimal equilibrium, under the natural assumption that
all shocks are orthogonal to each other. In our opinion, there should exist mon-
etary policy rules ensuring the implementation of this new optimal equilibrium,
especially so if we allow the new disturbances to enter the rules considered, and
our results on the qualitative properties of adequate monetary policy rules (such
as forward-lockingness) should remain robust.

Other natural extensions to the canonical New Keynesian model aim at ad-
dressing a criticism often formulated about the purely forward-looking nature of
its structural equations. Indeed, it is now widely agreed that some form of costly
adjustment or habit formation needs to be introduced into this model in order
to match the inertia or the lagged responses which are apparent in the data.
In our view, such extensions should dramatically alter the analytical expression
of the optimal equilibrium, but would not fundamentally question or invalidate
(qualitatively speaking) our conclusions on the optimal implementation of mon-
etary policy, provided that they amount to adding only lagged variables in the
Phillips curve and the IS equation, in the same {more or less arbitrary) way for
instance as Clarida, Gali and Gertler (1999}, Woodford (1999; 2003, chap. 3
and 8), which is the case of most extensions to be encountered in the literature,

Now, some of these extensions introduce additional expected leads of the
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endogenous variables into the Phillips curve and the IS equation. Such is notably
the case of habit formation in consumer preferences. Whenever habit formation
simply amounts to introducing additional expected leads of the output gap into
the IS equation?®, adequate monetary policy rules will still exist. Indeed, in a
similar way as in the canonical version of the New Keynesian model, monetary
policy rules can then be found which pin down the inflation rate uniquely, while
the output gap is residually determined by the Phillips curve. However, Amato
and Laubach (2003a) argue that the consideration of habit formation should also
make expected leads of the output gap enter the Phillips curve. In this case,
the output gap will not be residually determined by the Phillips curve if the
monetary policy rule is chosen so as to pin down the inflation rate uniquely. It
proves therefore not clear at first sight whether adequate monetary policy rules
would then exist. In other words, there may well be a particular relevant leads
structure of the Phillips curve and the IS equation for which no single monetary
policy rule can ensure the uniqueness of the equilibrium implemented.

1.7 Appendix

1.7.1 Analytical resolution of the model (FL2)

The method followed by the literature and in particular by Clarida, Gali and
Gertler (1999) as well as Woodford (2003), inspired by Currie and Levine (1993),
leads directly to the solution in the form of impulse-response functions, i.e. to
the values of Apy t4n, Yr+n, Te4n (for n > 0) as functions of the current shocks
€P° and £i*. This method consists in choosing the inflation rates and the output
gaps so as to minimize the loss function under the constraint imposed by the
Phillips curve, where all operators E, {.} have been arbitrarily dropped. The
nominal interest rates are then residually determined by the IS equation. If
yy denotes the coefficient corresponding to the constraint represented by the
Phillips curve at date £+ k&, then this method consists in determining the values
of Aprrs4s and yp4i for k > 0 which minimize the following Lagrangian:

Z:: & [(APH,t+k)2 +A (yt+k)2]

—Ho (APH,t — BApPH 41 — Yy — Efc)
+o0
- Ek=1 e (Apat+k — BAPH t4k+1 — THetk) -

Such is typically the case, as attested by Bouskez, Cardia and Ruge-Murcia (2002),
?hristi;mo, Eichenbaum and Evans (2001}, Edge (2000}, Fuhrer (2000), McCallum and Nelson
1999a).
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Instead of adopting this standard approach to solve analytically the cen-
tral bank’s optimization problem, we follow another method which to our
knowledge has never been used in a New Keynesian context. This method,
which belongs to the class of so-called undetermined coefficients methods, is
more general than the method followed in the literature, as we optimize over
a class of solutions which are possibly not time-invariant, but happens to
point to the same solution. We therefore show that the time-invarient lin-
ear solution which existing studies find is optimal among all time-invariant
linear solutions, is also optimal among a.ll ]inear solutions. In more con-
crete terms, writing y1x = Zf=o (af Iek kg T+ ck — si_’,,k_j) and Apgern =
E;;o (bk_’ Eprk—j T :_’s;f,_k_J) for k > 0, we look for the coefficients of 7,
bﬁ", c',:" and d,':" for &£ > 0 and 0 < j < k which minimize L, subject to the
constraints represented by the Phillips curve considered at all dates, i.e. which
minimize the following Lagrangian:

+o0
E; {zk o & [(APH.tHa)z +A (‘yt+k)2] }
- Z o Fk (Apa stk — BBk {Apmetit1} — Theek — Efgy) -

The coefficients fk“ and gf ™ for k > 0 and 0 € j < k character-
izing the nominal interest rate rey; = E;;O( e ks +gk—35,+k_1)
for k > 0 are then residually determined with the help of the IS equa-
tion. Note that we choose not to allow for retroactivity. The commitment,
which is announced at date t and takes place from that date onwards®?,
involves indeed no shock having occurred before that date. Allowing for (or

rather actually imposing) retroactivity would require considering instead the

following linear combinations: ik Zj,n (ak Efik_j +ci E;'ﬂ_,,_j);
APy ik = ‘rm (b’;—jeﬁk-—j + d: 5t+k—j) and Tk =

Ej_o( I e O efj_k_j) for £ > 0°. Had we imposed retroac-

tivity, the commitment chosen would then have depended on date ¢ (assuming
that the shocks having occurred before that date have been observed), because
the central bank would take advantage of the fact that expectations formed
before date ¢t (i.e. before the time when the commitment is both announced

30n order to simplify notations and withont any loss in generality, we choose the same
starting date (namely date t) for both the commitment technology considered here in this
appendix and the impulse-response functions presented there in subsection 1.3.2.

3 Retroactivity does not matter obviously if the economy was at its stationary state until
date ¢ — 1 included (i.e. £i* , =eb®, =0 for & > 1), or if the economy starts from acratch at
date ¢ (with pgr¢-—1 and e;— bemg exogenously given).
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and implemented) are given. That the optimal solution should depend on
date t is little satisfactory, and we choose therefore, like Clarida, Galf and
Gertler (1999), Woodford (2003, chap. 8), Giannoni and Woodford (2003a,
2003b), to adopt a timeless perspective, which in effect amounts to rule out
retroactivity32.

In a straighforward manner, we find that ¥k > 0 and Vj € {0, ..., k}, c’,:_j =
df=7 = k=3 — (. Now, the first-order conditions of the Lagrangian’s minimiza-
tion with respect to 6, bt for k > 1, b5~F for k > 2 and j € {1,...,k -1}, b}
fork > 1, af ™ for k> 1 and j € {0,...,k — 1}, o} for k > 0 can be respectively
written in the following way®3: ’

2 (650)2 bg - #OEtPc = 0,

254V (eP°) Bf — peels, = Ofor k>1,

26%V (7)Y b7 — pels i + Buk-1€lyp_; = Ofork>2andje{1,...k—1},
28" (eP°)? b)) — ukel® + P18 = Ofork>1,

25NV (eP) af? + prvelsy_; = Ofork>1andje{0,..,k—1},
2652 (2 af + pye? = Ofork20.

Moreover, the Phillips curve considered at all dates leads to the following
two additional equations:

Yok +BbE —bE+1 = Ofork>0,
vag? + b5l ~bf 7 = Ofork>1andje{l,..k}.
Letusnoteu=k—jJ,v =7, Ay, = aﬁ_j and By, = bﬁ‘j, so that A, , and
B, , characterize respectively the reactions of 4444y a0d Apgsyyie to ef_‘,’_u.
Our eight equations are then equivalent to the following system:

Myg+79Byo = 0foru>0,
0AAuv41 — BAAyy +716By 1 = Oforu>0and v >0,
YAuy +BBuyi1 —Buy = Oforu>0andwv>1,
YAyo+ BBy — Buo+1l = Oforu>0.

*21f we imposed retroactivity while assuming that the shocks having occurred before date
t have not been observed, then the optimal solution would not depend on parameter §, which
is also unsatisfactory.

33Naturally, we assume as throughout the chapter that the central bank has observed ££¢
when it forms its expectation E; {.}. It is worth noting however that relaxing this assumption
would not affect the results.
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Since the coefficients of this system do not depend on w, the solution will be
time-invariant. For the sake of simplicity, we consider therefore a given u > 0
in the following. Let us first determine the coefficients By, for v > 0, and then
residually obtain the coefficients A, for v > 0. From the system above, the
coefficients B, ,, are found to satisfy the following system:

BABy,1 — ('7’2 +A)Buo = 0,
B6ABy vi2 — (126 + 822+ 8X) Buwi1 + PABu,y 0 for v > 0.

i

The latter equation corresponds to a recurrence equation on the B, , for
v > 0. The corresponding (second-order) characteristic polynomial has two
positive real roots, one noted z potentially lower than one, the other noted 2/
strictly higher than one:

(82X + 726+ 6X) — /(82X + 726 + BX)? — 4262
256 '

(BN 60) + /(22 + 426+ 60)? — 40262
7= 2657 ’

where z < 1 if and only if 428 + 82X + 61 > 86X + SA. We assume this
inequality satisfied in the following. (Note that it is indeed satisfied at point
{6,A) = (dg, Ag), as well as, by continuity, in the neighbourhood of this point.)
The general form of the solution to the recurrence equation is therefore By, , =
kz¥ + k'z" for v > 0, where k and k' are two real numbers. Two equations
are then needed to determine k and k’. The first one is provided by the initial
condition gAB, ; — (72 + /\) By = 0. The second one is simply ¥ = 0 and
comes from the fact that 622 > 1, as can be readily checked, so that no solution
with &’ # 0 would fit the bill as L; would then be infinite. At the end of the
day, we thus obtain B, , for v > (0 and therefore A, , for v > 0, from which
we derive the impulse-response functions of Apy and y displayed in subsection
1.3.2. The impulse-response functions of » are eventually residually determined
with the help of the IS equation. Note that the certainty equivalence property
holds here, as in all linear quadratic optimization problems. In other words, the

solution will not depend on the variances of the exogenous shocks.
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1.7.2 Characterization of the adequate monetary policy
rules

If, as in Woodford (2003, chap. 8), Giannoni and Woodford (2003a, 2003b), the
only endogenous variables allowed to enter the monetary policy rules are the
nominal interest rate (r) and the target variables (Apy and y in our framework),
then the general form of finite linear monetary policy rules is the following, no
matter whether we deal with a closed economy or a small open economy:

N N N
o= Z;o a—iApH,.—i + Z;O boire—i + zi;() C—ilt—i +
Ny Ny ; Ny
Z:1'=0 d_isf:i + Zi=q f—ifz_g + Z‘=1 a.E; {APH,t-H} +
N, No
Zi:l biBe {revi} + Zi=1 aE {yees} (1.7.7)

where Ny > 0 and N > 0. Without any loss of generality, we impose by = 0
and (a-N1 1 b—N1 1C=N1» d—N1 ’ f—NI) ‘_)é (O! 0,0,0, 0)' The private agents expect
the monetary policy rule (1.7.7) to be applied in the future: for k > N; + 1, we
obtain therefore, with the Phillips curve (1.2.4):

Ei{rix} = Zj\:_ w, G {8Pa sreri} + Zf:_ w, B {reaieri} +
1 2
S BB ek}~ B AODm ks LTS

Besides, using the IS equation (1.2.3} and the Phillips curve (1.2.4), we
obtain the condition Cp:

BE {Dpp a2} — (1 + B+ ) B {Ap i1} + Apue + yire — (1ei® + £7°) =0,

and the conditions Cy for £ > 1:

BE; {Apy t+ka}—(1 + 8+ ) Bt {Apssski1 }+ B {App s i} By {regr} = 0.

These conditions enable us to rewrite equation (1.7.8) as a recurrence equa~
tion on the expected future inflation rates:

N
vk >Ny +1, Ei=_ v 98 (8P t4k4i} =0,

where N > 0. This recurrence equation holds at least from k = N} + 1, and
potentially before.
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Let us note M = Max (i € {-N,..,N}, ¢ #0). The monetary policy
rule must be chosen such that M exists; indeed, if Vi € {~N,..,N}, ¢ = 0,
then the expected future inflation rate proves undetermined from a certain date
onwards, which is incompatible with the desired results.

This recurrence equation necessitates Ny + M + 1 initial conditions, in order
to determine Apg s, Bt {Apg 41}, -0 Bt {Aprzen +m}. Now, we have only
Ny + 1 initial conditions at our disposal, corresponding to the monetary policy
rule taken at dates ¢, ..., ¢t + Ny, rewritten with the help of conditions Cy for
k > 0. We must therefore have M < 0, that is to say that the monetary pelicy
rule must be forward-looking so as to exactly counter the effect of the expected
future values of the inflation rate and the output gap on the present value of
the inflation rate. _

Note that the forward-looking part of the monetary policy rule is thus
uniquely defined module the Phillips curve, by which we mean that there are
an infinity of (distinct though equivalent) expressions for this forward-looking
part, which are linked to each other through the Phillips curve. Note also that
these expressions depend on the choice of ¢y {once again through the Phillips
curve): with ¢y = —%{7’-’1 for instance, which corresponds to the examples given
in subsection 1.5.2, the forward-looking part of the monetary policy rule can be
written }E; {341}, or equivalently written - E; {Apge41} — :,%Et {Apy 42},
or still equivalently written as any convex linear combination of these two ex-
pressions.

Having characterized its forward-looking part, we now turn to the backward-
looking part of the monetary policy rule. We have 5N; + 5 coefficients: a_;,
by, ¢y, d_;and f_; for i € {0, ..., N1}, on which are imposed a certain number
of linear constraints. One of these constraints corresponds to the normaliza-
tion by = 0. A number 2 (N, + 1) of other constraints come from the initial
conditions.

Indeed, these Ny + 1 initial conditions, which correspond to the application
of the monetary policy rule at date ¢ and its expected application at dates t-+ k&
for k € {1,..., N1}, should determine Apy;, By {Apg 41}y -y Br {APH N, }-
In other words, the coefficients a_;, b—;, c—;, d—; and f—; for i € {0,..., N}
should ensure that each of these N; + 1 inflation rates depend on the two shocks
£i® and e in the way described in section 1.3, which effectively corresponds to
2 (N1 + 1) constraints whatever the case considered (be it FL1, FL2 or FI1)%,

Finally, in the FL2 and FI1 cases, one additional constraint comes from

34For instance, in the FL1 and FL2 cases, we must have fp = =ﬂ1- and b_; = % for
i€ {1,.., N1} to get the desired impulse-response function of Apg with respect to %%
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the fact that z or £ must be a root of the characteristic polynomial of the
recurrence equation on the expected future inflation rates, given the desired
results (described in subsections 1.3.2 and 1.3.3). This requirement implies
moreover that Ny > 1, whereas N; can be nil in the FL1 case.

Consequently, the set of adequate finite linear monetary policy rules, that
is to say rules described by equation (1.7.7) and ensuring the impilementation
of the optimal equilibrium, is a 3N; + 2-dimensional vectorial space®® (where
Ny > 0) in the FL1 case, and a 3N; + 1-dimensional vectorial space (where
Ny 2 1) in the FL2 and FI1 cases.

35 Actually, the vectorial space in question is not the set {r} of adequate monetary policy
rules per se, but the set {r — rp} of adequate monetary policy rules relatively to a given
benchmark adequate monetary policy rule rg.



Table 1.1: ex post macroeconomic volatility’,

Short-run Long-run
Exchange - Inertial effect Conver- nominal
. Equilibrium real effects
rate regime of shocks gence i effects of
of shock €
shock €*
- FLI1 optimal 0 immediate 0 +
FL2 optimal +or - inZ 0 Tor-
(0if6=58)
FI1 . in x'
and FI2 unique +or - + o

36 . - , b
By ex post macroeconomic volatility, we mean the macroeconomic volatility arising in the presence of

the optimal monetary policy.




Table_1.2: ex post macroeconomic instability
in the literature based on the canonical New Keynesian model.

7 | €% and 1) . 39
Study Economy® £ Results™ | Class of monetary policy rules
Batini and Pearlman CE id SR restricted class of BL and/or FL
(2002) L1é rules, including no optimal rule
Bernanke and restricted class of BL rules,
Woodford (1997) CE | AR(D) | IAR including no optimal rule
Clarida, Gali and restricted class of BL. and/or FL.
Gertler (1999) CE | AR(D) | TAR | | les, including no optimal rule
Clarida, Gali and restricted class of BL and/or FL.
Gertler (2000) CE AR(1) SR rules, including no optimal rule
Gali and Monacelli IAR and
(2002) SOE | AR(D) | "gg -
Giannoni and not
Woodford (2003a, CE speci- IAR large class of BL and/or FL
2003b), Woodford ?::1 rules, including all optimal rules
(2003, chap. 8)
Kerr and King CE i IAR restricted class of BL rules,
(1996) including no optimal rule
Levin, Wieland and CE iid SR restricted class of BL and/or FL
Wiltiams (2001) e rules, including no optimal rufe
Monacelli (2003) | SOE | AR() | 'A% ;
Woodford (1999),
Woodford (2003, CE AR(1) | AR . ‘a;g;.class of BL ";les;
chap. 7) including no optimal rule
not restricted class of neither BL nor
Woodford (2003, CE speci- IAR FL rules, including no optimat
chap. 4)
fied rule
CE and . large class of BL and/or FL
Chapter 1 SOE iid. CAR rules, including all optimal rules

%7 CE: closed economy; SOE: small open economy.

3 CAR: complete analytical results; IAR: incomplete analytical results (i.e. endogenous variables not
expressed as functions of exogenous shocks only); SR: simulation results.

** BL: backward-looking; FL: forward-looking; the optimal monetary policy rules in question are optimal
according to our definition of optimality, that is to say that these rules rule out not only all convergent
equilibria other than the optimal one, but alse all divergent equilibria.






Chapter 2

Simulation of the UK

business cycle under
EMU-membership

Abstract

Chapter 2, entitled “Simulation of the UK business cycle under EMU-
membership”, outlines a method of simulation of the business cycle of a small
open economy joining a monetary union, which is applied to the case of the UK
adopting the Euro. This simulation method is based on the predictions of a New
Keynesian model estimated on pre-EMU data and overcomes the Lucas critique
in the sense that it takes into account the impact of the regime change on the
formation of the private agents’ rational expectations. The simulation results
suggest that the euroized UK would escape macroeconomic instability, which
arises in the presence of muliple equilibria, but could nonetheless experience a
higher macroeconomic volatility.

Abstract in French

Le chapitre 2, intitulé “Simulation du cycle macroéconomique du Royaume-Uni
en Furozone”, décrit une méthode de simulation du cycle macroéconomique
d’une petile économie ouverte rejoignant une union monétaire. Cette méthode
de simulation, qui est appliquée au cas du Royaume-Uni adoptant I'Ewro, est
basée sur les prédictions d'un modéle nouveau-keynésien estimé sur données
pré-Euro et s’affranchit de la critigue de Lucas dans le sens ot elie prend en
compte limpact du changement de régime sur la formation des enticipations
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rationnelles des agents privés. Les résultats suggérent que le Royaume-Uni
euroisé échapperait & instabilité macroéconomigue, qui survient en présence
d’équilibres multiples, mais pourrait néanmoins faire U'expérience d’une volatilité
macroéconomique accrue.

2.1 Introduction

The case for the UK adopting the Euro officially rests on the assessment of
five economic tests set by HM Treasury in October 1997. The first of these
tests deals with the impact of membership of Economic and Monetary Union
(EMU) on the UK business cycle. More precisely, it is about whether there is
sustainable convergence between the UK and the Eurozone business cycles. In
other words, can the UK live comfortably with the one-size-fits-all single interest
rate set in Frankfurt-am-Mein?

This chapter aims at assessing this test by simulating the business cycle of
the UK within the Eurozone. Our simulation method is based on the predictions
of a small structural model which derives its key relationships from explicit opti-
mizing problems for consumers and firms, rather than from ad hoc behavioural
assumptions, and incorporates explicit rational expectations behaviour. This
theoretical underpinning based on sound microeconomic foundations enables us
to overcome the Lucas critique by acknowledging and taking inte account the
shift in reduced-form parameters caused by the impact of the regime change on
the private agents’ expectations.

The model in question belongs to the class of so-called New Keynesian mod-
els, which have been extensively used in the past few years for monetary policy
analysis’. We choose to resort to this class of models precisely because of their
structural features, which we view as a prerequisite for safely handling such
an important institutional change as the adoption of the Euro, that is to say
for escaping the Lucas critique. Unfortunately, New Keynesian models tend
to fit the data poorly, as if there were s trade-off between theoretical consis-
tency and empirical relevance. In this trade-off we take care not to favour too
much theoretical congistency to the detriment of empirical relevance, and use
accordingly the extended version of a New Keynesian model, rather than its
canonical version, so as to fit the data better. At the end of the day however,
there seems admittedly to be still room for improvement as far as the estimation
results are concerned, even though these results match both qualitatively and

! As stressed by McCallum (1999a), who relates the evolution of monetary policy theory
and practice since the early 70's, New Keynesian economics has recently come out es the moet
celebrated framework for monetary policy analysis.
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quantitatively those of the existing literature. We therefore end this chapter by
considering a further extended (this time non-structural) model which fits the
data better.

Qur method of simulation of the UK business cycle under EMU-membership
derives from the predictions of the New Keynesian model considered, namely
an extended version of Galf and Monacelli’s (2002) model. These predictions,
which are also those of Galf and Monacelli’s (2002) canonical version, state
notably that under EMU-membership the UK nominal interest rate should be
constantly equal to the nominal interest rate in the rest of the Eurozone, and .
that relative purchasing power parity {PPP) should hold in the long-run. To our
knowledge actually, these two points are jointly captured by only three of all the
existing simulations of business cycles under irrevocably fixed exchange rates,
whether these simulations are based on structural or reduced-form, estimated
or calibrated small macroeconomic models?. The characteristics of these three
simulations are presented in table 2.1, together with those of this chapter.

The first of these three studies is Galf and Monacelli’s (2002) itself, which
derives analytically and simulates the effect of irrevocably fixed exchange rates
on the business cycle of a small open economy in the absence of foreign fluctua-
tions. Our contribution actually amounts to adapt their simulation method to
a more general framework, which accounts for foreign fluctuations (by acknowl-
edging the presence of foreign variables in the structural equations) and allows
for richer dynamics (by including additional iags in the structural equations).
A further difference (no less important) between their study and the present
chapter is that they calibrate their model for a generic small open economy,
while we estimate our extended version of their model for the UK.

The second of these three studies is Westaway's (2003}, which calibrates a
reduced-form New Keynesian model in order to simulate the business cycle of
the UK under EMU-membership, this time with a richer dynamie structure and
in the presence of foreign fluctuations. Taking foreign Auctuations into account
is obviously welcome in our context, as the desirability of EMU-membership
for the UK depends both on the correlation between the shocks occurring on
either side of, and on the similarity of the mechanisms of propagation of these
shocks in place on either side of, well, the English Channel, the Irish Sea and the
North Sea. However, because Westaway’s (2003) model is calibrated rather than

2We will review the VAR literature thereupon. Of course, these two predictions are
routinely captured by large macroeconometric models, but the latter usuyally fail to bring to

the fore the few key effects or mechanisms at work because of their complexity, so that it
proves still worth using small macroeconomic models,
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estimated, the statistical properties of the shocks are set more or less arbitrarily®
in his framework. By contrast, we avoid this shortcoming by directly estimating
our small open economy model. A further difference between his study and the
present chapter lies in the fact that he uses a reduced-form model, while we
mainly use a structural model - as such less subject to the Lucas critique.

The third of these three studies is Driver and Wren-Lewis’ (1999), extended
by Driver (2000}, which calibrates a reduced-form two-country New Keynesian
model in order to simulate the effect of a monetary union on the business cycie
of its member countries. Now, our aim is to simulate the business cycle of the
UK under EMU-membership. From this point of view, Driver and Wren-Lewis’
(1999) or similarly Driver’s (2000) study suffers from the same shortcomings as
Gali and Monacelli’s (2002), namely poor domestic dynamics, no account of the
correlation between domestic and foreign shocks, and calibration for a generic
country. In addition, it is based on a questionable reduced form, contrary to
Gali and Monacelli’s (2002). For instance indeed, its IS equation features no
lead of output and consequently cannot derive from intertemporal optimisation
by consumers. By contrast, this chapter is exempt from all these shortcomings.

Perhaps most importantly of all however, this chapter differs from Galf and
Monacelli’s {2002), Westaway's (2003) as well as from Driver and Wren-Lewis’
(1999) or Driver’s (2000) in that we acknowledge the possibility of macroeco-
nomic instability for the UK under EMU-membeship. Macroeconomic instabil-
ity we simply define as the existence of multiple equilibria. Clarida, Gali and
Gertler (2000} have famously argued that the observed difference in the variabil-
ity of key US macroeconomic variables between the pre- and post-1979 periods
may have been due to the adoption from that date onwards of a monetary pol-
icy rule which does rule out multiple equilibria, contrary to the monetary policy
rule followed before. Well, we argue that Clarida, Galf and Gertler’s (2000}
point can readily be extended from the choice of a monetary policy rule to the
choice of an exchange rate regime. In cther words, we argue that the adoption
of the Euro by a small open economy may have this undesirable feature of being
compatible with multiple equilibria. Now, to change a monetary policy rule
seems to be as easy and painless as seems to be difficult or painful to change
the structural parameters of an economy or to withdraw from such an irrevo-
cably exchange rate regime as a monetary union. Hence the usefulness for a

3More precisely, the statistical properties of the shocks are derived in his framework from
a structural VAR. which does not distinguish between the reaction to a symmetric shock and
the reaction to an asymmetric shock. Az a consequence, the identification of the shocks is
questionable, to say the least of it. A proper identification scheme would actually be all
the more difficult to be found within his framework as he does not resort to the small open
economy assumption.
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small open economy of thinking twice about macroeconomic instability before
deciding to join a monetary union.

The central question addressed by this chapter is: what would become of
the UK business cycle under EMU-membership? More precisely, how would the
British economy react to idiosyncratic and common shocks within the Eurozone?
And also, could EMU-membership inherently be a source of macroeconomic
instability for the UK? The remaining of the chapter is organized as follows: we
present the main model considered and derive our simulation method therefrom
in section 2.2, we then estimate and simulate this model as well as (shortly).
another model in section 2.3, and we conclude thereafter.

2.2 Theoretical underpinning

This section gives a general outline of the main model considered in this chapter,
called model A, and derives the simulation method from the predictions of this
model.

2.2.1 Model overview

Notations are borrowed from Galf and Monacelli (2002) as well as from Gal{
and Gertler (1999). We refer the reader to these two studies for a detailed
presentation of the model.

Closed form of the benchmark model

The benchmark model is the canonical New Keynesian model of a small open
economy, built by Clarida, Galf and Gertler (2001) as well as Gali and Monacelli
(2002)*. The closed form of this dynamic stochastic general equilibrium model is
composed of five equations holding at each date, i.e. the uncovered interest rate
parity, the law of one price®, an IS equation, a Phillips curve and a monetary
policy rule, to which should be added one terminal condition, namely the long-
run PPPS. The corresponding five endogenous domestic variables are the PPI

4 According to McCallum and Nelson (2000), “the GM [Gali and Monacelli (2002)] model
bas a strong claim to be viewed as a canonical NOEM [New Open Economy Macroeconomics]
model, owing to its elegance and tractability”.

5The law of one price, hardly established empirically, is used only in first-difference terms
in this the model, so that our theoretical framework proves relevant even in the presence of
deviations from the law of one price, provided that these deviations are not time-varying.

SPPP does not bold in the short run because the domestic and the foreign consumption
baskets differ from each other. More precisely, in this model where monopolistically produced
tradable goods are the only goods considered, the small open economy assumption for the
domestic country implies that foreign consumers value much more foreign goods than domestic
goods, while domestic consumers value both domestic and foreign goods significantly.
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inflation rate Apy, the logarithm of the real output level y, the short term
nominal interest rate r, the CPI inflation rate Ap and the first difference of the
logarithm of the nominal exchange rate Ae’.

If the monetary policy rule does not make r, depend explicitly on the past,
present and expected future values of Ae and Ap, then the model has a block-
recursive structure, in the sense that Apy, ¥ and r can be derived (i.e. expressed
as functions of the sole exogenous variables) from three eguations only, namely
the Phillips curve, the IS equation and the monetary policy rule, while Ae and
Ap are residually determined by the uncovered interest rate parity, the law of
one price and the long-run PPP. As shown by Clarida, Gali and Gertler (2001),
this three-variable three-equation setting is then isomorphic to the closed form
of the closed economy version of the canonical New Keynesian model.

But we shall assume more generally that Ae and Ap may well feature ex-
plicitly in the monetary policy rule, and furthermore that this monetary policy
rule may not be stable over time. In so doing, we merely acknowledge the fact
that our estimation period includes the EMS period®. For these reasons, we
do not further specify and will not seek to estimate the monetary policy rule.
We will therefore focus in the following on three endogenous variables (Apy, ¥
and r) and two equations (the Phillips curve and the IS equation), for which we
bave no reason to suspect that they may have changed during the estimation
period. In our simulation of the UK business cycle under EMU-membership, r
will turn exogenous and we will be left with two equations for two endogenous
variables.

The IS equation, which is derived from the representative household’s opti-
mal behaviour, is written in the following way:

= E{tp1}— 1@ a)(en-1) (re

+a (2 - a) (o7 - 1) By {Ayfy, } + &%,

— E: {Apus41})

where y* represents the logarithm of the foreign real ouiput level. Variables
¥, y* and r are expressed as deviations from their respective steady state values.
Index ¢ or t 4 1 for a given variable refers to the date at which this variable is
considered, and E; denctes the expectation operator based on the information
set available at date ¢, which includes the exogenous shocks occurring at this

TMore accurately, A denotes the first difference operator while pyr, p and e represent the
logarithms of the PPI, the CPI and the nominal exchange rate respectively.

8For a perfectly successful peg admittedly, what can be measured is the dependence of r
an T*, not its dependence on the (constant) nominal exchange rate, but the UK participation
in the EMS can hardly be considered as a perfectly successful peg.
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date, so that E; {z,_x} = 2;—& Vk > 0 for any variable z. The exogenous shock
£%* represents a temporary aggregate demand shock, for instance a government
spending shock, or comes from a shock on the discount rate. It is assumed
to follow an autoregressive process of order one: £f* = p;et?; + 7}® with 0 <
pis < 1, where 7i® is identically and independently distributed with mean zero.
Finally, parameter o € {0,1] represents the degree of openness, 8 € [0,1] the
discount rate, n > 0 the elasticity of substitution between domestic and foreign
goods, o >> 0 the intertemporal elasticity of consumption.
The Phillips curve, which is derived from the firms’ optimal behaviour, is

written in the following way:

a- 1 B6) '
Apay = BE{Apaen}+ [(1 Ta2- a) (en—1) ) b

* (1 +(i (20) c(:)n(r:nl)‘;)) ] reb

where parameter ¢ > 0 measures the disutility of labour and parameter
@ € [0, 1] represents the probability for a given firm to keep its price unchanged
at a given date. The exogenous shock £P¢, which comes from an aggregate
technological shock, is assumed to follow an autoregressive process of order one®:
&7° = ppeeiey +10° with 0 < ppe < 1, where 7}° is identically and independently
distributed with mean zero. The two shocks £ and eP® are assumed to be
uncorrelated with each other: cov (7}, i) = 01°.

This canonical New Keynesian Phillips curve, which ensures that monetary
policy has real effects, stems from the existence of a nominal rigidity maodelized
as a staggered price-setting ¢ le Calvo (1983), a time-dependent mechanism
which has the advantage over state-dependent mechanisms of leading to a sim-
ple closed-form solution!!. The choice of a time-dependent (rather than state-
dependent) price-setting mechanism is moreover backed by Bergen, Dutta, Levy,
Ritson and Zbaracki (2000}, who provide microeconomic evidence that the costs
of changing prices associated with reoptimization (namely information gather-
ing, decision making, negotiation and communication costs) far outweigh menu
costs, i.e. the physical costs of changing prices.

Finally, the large foreign country is considered as a closed economy, whose
macroeconomic fluctuations are exogenous from the point of view of our small

9This assumption is justified by the fact that the effects of real shocks on potential GDP
are spread over time, sccording to Neiss and Nelson (2002).
10This assumption matters only in the simulation step, not in the estimation step.
11 Another popular price-setting mechanism is Rotemberg’s (1982), which is neither time-
dependent nor state-dependent, but leads to a similar reduced-form New Keynesian Phillips
curve,
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open economy. The reduced form of the closed economy version of the canonical
New Keynesian model, used notably by Clarida, Gali and Gertler (1999) and
Woodford (2003), is composed of an IS equation, a Phillips curve and a monetary
policy rule. We note p* the foreign CPI, or equivalently the foreign PPI, and r*
the foreign short term nominal interest rate. For simplicity, we assume that the
foreign economy can be modelized by a three-dimension VAR whose endogenous
variables are Ap*, y* and r*, so that we do not need to specify and estimate a
closed economy New Keynesian model. This assumption is actually made of two
assumptions, the first one being that the foreign monetary policy rule has ruled
out multiple equilibria over the estimation period?2, the second one being that
this foreign monetary policy rule has been stable over the estimation period*®.

Let us note X; = [Apf ¢ ri]. This foreign VAR is written X}
= Q* (L) X}, + 1} with Q* (L) = Y™ Q:L¢, where L is the lag operator,
Q7 (0 < i< n*)are 3 x 3 matrices and v} is an independently and identically
distributed Gaussian vector with mean zero. We choose not to consider a so-
called “structural” VAR, that is to say that we do not assume the existence of
a 3 X 3 matrix S* such that 1} = S*n}, where 9y = [p{"" ni** of *]’, sim-
ply because the New Keynesian model of a closed economy does not naturally
provide the restrictions needed to identify S*. Indeed, the output variable y*
considered is the detrended production level, which is assumed to be stationary,
and not the firgt difference of the production level, so that the usual restrictions
identifying the supply shock 7*** as the only shock to have a long-run effect on
the production level are not available. Moreover, the model implies that the
monetary policy instrument r* should contemporaneously affect the economy,
so that we cannot resort to the usual restriction disentangling the two demand
shocks n*** and %™ from each other by imposing no contemporaneous effect of
the monetary policy shock on the output variable.

12Note however that we do not assume that the unique equilibrium implemented is optimal
in any sense, Chapter 1 characterizes the monetary policy rules, in the framework of the
canonical New Keynesian model, which ensure the implemeniation of a unique equilibrium
out of all possible equilibria, be they convergent or divergent.

'3A Chow test will be conducted to check whether the foreign monetary policy rule has
indeed proved stable over the estimation period. In any case, this stability assumption seems to
ug more acceptable for the foreign economy than for the domestic economy, as “the monetary
policy rule of the future Eurozone countries as a whole” may be stabilized by the procedure of
ageregation of the national monetary policy rules. Moreover, the foreign country happens to
be only Germany in our framework for reasons of date availability, and the German monetary
policy rule i likely to be the most stable of all EMS members' monetary policy rules, as the
Bundesbank has most probably behaved as a Stackelberg leader.
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Closed form of the extended model

This IS equation and this Phillips curve prove very simple and stylistic. In
particular, they are purely forward-looking. As such, they have been subject to
much criticism in the literature, most notably from Estrella and Fuhrer (2002},
for being at odds with the data. Indeed, their purely forward-looking nature
predicts that Apy and y should jump in response to the various shocks rather
than gradually react to them, no matter whether these shocks are specified as
ii.d. or AR(1) processes. Hence these two equations dramatically fail to capture
the observed hump-shaped response of both variables to the various shocks'®.

As a consequence, a better specification for the IS equation would include
lagged values of y. Clarida, Gali and Gertler (1999) interpret these lagged
values in the IS equation as by-products of adjustment costs. More precisely,
the best-known justification for the presence of these lagged values, or should
we say the currently most popular solution to this excess smoothness puzzle,
is the existence of habit formation in consumer preferences, first considered by
Fuhrer (2000)*5,

Similarly, a better specification for the Phillips curve would feature Apy -y
in addition to E; {Apy:4+1}- This specification, usually known as the hybrid
New Keynesian Phillips curve, can be justified by the existence of backward-
looking firms, as ir Galf and Gertler (1999), or by the existence of a subset
of price-setters forming adaptative (rather than rational) expectations, as in
Roberts (1998). But still other justifications can be encountered in the liter-
ature: Fuhrer and Moore (1995), for instance, appeal to Buiter and Jewitt's
(1981) relative wage hypothesis.

Table 2.8 lists the various possible extensions provided by the literature
to the IS equation and the Phillips curve of (either the closed economy version
or the small open economy version of) the canonical New Keynesian model.
More precisely, table 2.8 aims at making an exhaustive inventory of existing
studies estimating & least one of the following three well-defined equations: a
Phillips curve expressing Apy or Ap as a function of E {Apg} or E {Ap} among
other variables, an IS equation expressing y as a function of E {y} among other
variables'®, and a monetary policy rule expressing r as a function of E {Apy},

MDemery and Duck (2002, p. 1} even claim on these grounds that “the empirical failure of
the NK model [read: the canonical New Keyneamn Phillips curve| is now widely recognized”.

15Fuhrer (2000) considers habit formation in consumer preferences because he dismisses
durability and time-to-build lags as irrelevant for non-durables and services consumption.
Fuhrer's (2000} followers include in particular MeCallum and Nelson (1999a), Edge (2000},
Christiano, Eichenbaum and Evans (2001}, Amato and Laubach (2003a) as well as Bouakez,
Cardia and Ruge-Murcia (2002).

18]n these IS equations, y may actually represent the logarithm either of real output or of
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E {Ap} or E {y} among other variables'”.

As table 2.8 makes clear, there are many different ways to extend the IS
equation and the Phillips curve of our benchmark model so as to fit the data
better. Some of these extensions we choose to rule out a priori, as they would
prevent us from conducting our simulation method. Such is for instance the case
for these extensions, actually of a neo-classical rather than New Keynesian obe-
dience, justified by decision lags in consumption or delays in price-setting, which
amount to replace E; {App,¢+1} and E; {3041} by Ei—1 {Apn,} and Er—y {1}
respectively. Indeed, these extensions would remove the rationale for multiple
equilibria and consequently make our simulation impossible.

In our opinion, the ideal specification would combine the existence of habit
formation in consumer preferences with that of backward-looking firms, so as
to allow for rich enough dynamics without too much weakening the structural
feature of the model. Habit formation in particular seems to us especially ap-
pealing with respect to these two points. Indeed, not only is it unlikely that the
regime change should affect the specification of habit formation, but it may also
be the case, as argued by Amato and Laubach (2003a}, that the consideration of
habit formation should amount to the introduction of additional lags and leads
of y both in the IS equation and in the Phillips curve, thereby providing the
basis for substantially rich dynamics.

Unfortunately, every rose has its thorn and this strong point of habit forma-
tion makes it not so easily adaptable to our open economy framework. Moreover,
it may be the case that the introduction of Apg ;1 in the Phillips curve as the
sole extension to the benchmark model be enough to get a hump-shaped re-
sponse of y to the shocks considered. At the end of the day, we therefore choose
to keep the canonical IS equation and to consider the following hybrid New
Keynesian Phillips curve!8:

household consumption. This distinction does not matter very much for a closed economy
with exogenous investment dynamics {(if any) and exogenous public spending, as is the case
for most of the inventoried studies.

17In particuler, the list does not include studies calibrating (rather than estimating) these
equations, like Amato and Laubach (2003a) or Svensson (2000), however interesting these
studies may be in other respects - and they may be indeed, as Svensson (2000} for instance
proves one of the few studies to use an extended version of the canonical New Keynesian model
of a small open economy. Note also that Ireland {2001) is excluded from the list because its
Phillips curve and IS equation fail to be explicitly specified, while its monetary policy rule
does not make it eligible on its own.

18The consideration of an hybrid New Keynesian Phillips curve is all the more welcome as
the canonical New Keynesian Phillipa curve with a serially correlated error term is rejected by
Roberts (2001) - and of all the estimation methods used by the studies inventoried in tables
2.8 and 2.8, Roberts’ (2001) proves the one most similar to ours - even though his estimation
is conducted on US data in a univariate reduced-form setting, while ours is conducted on UK
data in a multivariate structural setting.



PART I, CHAPTER 2: SIMULATION OF THE UK... 6

B8 w
ApH,t = 9+u}[1—6(1—ﬁ)]Et {APH.H-I}""g+w[1_9(1_ﬁ)]ApH,t-1
(1-w)(1-6)(1-78) a
TR wi-00-p) [(1+a(2-a)(an—1)+“°)”‘

a2-a)(en-1)co \ ,
*(1+a(2—a)(an—1))”‘]”¥c’

where w € [0,1] represents the proportion of backward-looking firms and
hence measures the degree of backward-lookingness in price-setting. This ex-
tension to Gali and Monacelli’s (2002) canonical New Keynesian Phillips curve
can be easily derived from Gali and Gertler’s (1999) specification!®. In the
following, the term “model A” refers to the model made of the cancnical IS

equation and this extended Phillips curve?.

Predictions

What are the predictions of model A concerning the impact of an irrevocably
fixed exchange rate regime on the business cycle of our small economy, disre-
garding the period of transition from one regime to the other? First, foreign
dynamics is left unchanged, as the large foreign economy is unaffected by the
currency peg of the small domestic economy. Second, the domestic monetary
policy rule is removed, as it no longer exists under the monetary union regime.
Third, three constraints, labelled (C1), (C2) and (C3}, should be imposed on
the Phillips curve and the IS equation.

The short-run constraint (C1) imposes r; = r{ at each date t, i.e. r, =0
in the absence of foreign fluctuations. This constraint stems from the fixity of
the expected future nominal exchange rate from date ¢+ 1 onwards, via the un-
covered interest rate parity relationship. The double long-run constraint (C'2)
imposes APy, 400 = Y400 = 0. This constraint corresponds to a basic conver-
gence requirement. Under a flexible exchange rate regime, divergent equilibria
may exist if the monetary policy rule followed does not preclude them, forc-
ing the central bank sooner or later to abandon its rule in order to bring the
economy back in the neighbourhood of its steady state?!. Under the monetary

19Note that this Phillips curve features only one lag. According to Cho and Moreno (2002,
p. 12), “as Clarida, Gali and Gertler (1999) point out, it is a daunting task to justify macroe-
conomic models which include more thar one lag”.

200f course, the foreign IS equation and Phillips curve can be extended in the same way
a8 their domestic counterparts so as to allow for more inertia. Our VAR specification of the

foreign economy does take these extensions into account.
21A more detailed discussion on this point can be found in chapter 1. Note that we
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union regime, there is no such “stabilizer of last resort”. The private agents
acknowledge this change and accordingly no longer expect divergent equilibria.

The long-run constraint (C'3) imposes Py, 4o —PH -1 = Do —Pi—y following
a shock occurring at date . This constraint corresponds to the stationarity of
py — p*, that is to say to the long-run relative PPP under an irrevocably fixed
exchange rate regime. Gali and Monacelli’s (2002) model actually predicts that
even absolute PPP should hold in the long run®?, whatever the exchange rate
regime in force, but our simulation method rests on the weaker condition that
only relative PPP needs to hold in the long run. Under a flexible exchange rate
regime, the nominal exchange rate can be considered as a residually determined
variable which adjusis at each date so that the long-run relative PPP is satisfied.
Under the monetary union regime, the nominal exchange rate can no longer vary
and the long-run relative PPP constraint is transferred to the prices py and p*%3.

These considerations echo those of Bec, Ben Salem and Rahbek (2003), who
show in a multivariate (but non-linear) framework that the burden of adjustment
towards PPP within Europe under the EMS has been borne mostly by the
nominal exchange rate and little by prices. According to the authors, these
findings suggest that those ultimately responsible for PPP may be (currency
realignment) policies rather than markets. We favour another interpretation
however, more in accordance with our model’s predictions, namely that prices
did little to adjust towards PPP only because of the EMS’ lack of credibility, as
agents (by which we do not necessarily mean only price-setters) righily expected
the nominal exchange rate to be ultimately adjusted. This outcome should
naturally be ruled out under such an irrevocably fixed exchange rate regime as
the European monetary union.

Technically speaking, the imposition of constraint (C'1) leaves us with two
equations (the Phillips curve and the IS equation) for two endogenous variables
(Apm and y). In these conditions, one may wonder at first sight how the ad-

would have had to assume awny the case of such an inadequate monetary policy rule, had we
modelized the economy by a VAR.

22Indeed, under both the assumption of the stationerity of the model's driving forces and
the asgumption of complete financial markets at the international level, international risk
sharing implies that the terms of trade and consequently the real exchange rate (via the law
of one price) should converge towards unity, that is to say that absolute PPP should hold in
the long run. Under a particular assumption about the initial distribution of wealth across
countries, this regylt amounts to the long-run balanced trade condition.

BHM Tremsury {2003, pp. 22-23) finds that although varistions in the nominal exchange
rate between the Pound and the European Union currencies have more contributed than UK
commodity price changes to movements in the real exchange rate between the UK and the
European Union over the past decade, these (annually observed) contributions prove of the
same order for most of the years considered, so that the frequency and the magniiude of
commodity price changes need not increase substantially to stand in for the variations in the
nominal exchange rate as much (in)efficiently in their role of adjustment towards PPP.
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ditional constraints (C2) and (C3) can be imposed on the system. The answer
lies in the hidden degree of freedom of this system, as the number of unknowns
outweighs the number of endogenous variables. Indeed, we count four unknowns
in the Phillips curve and the IS equation, namely Apy ¢, By {Apy 41}, ye and
E; {41}, so that in the absence of constraints {C2) and (C3), these two equa-
tions prove obviously too few to uniquely pin down these four unknowns. Ra-
tional expectations models can notoriously lead to multiple equilibria, and ours
is no exception to this rule - the reason being that the current variables depend
on the private agents’ (possibly sunspot prone) expectations about the future
variables. The imposition of constraints (C2) and (C3) simply amounts to the
selection of one equilibrium or several equilibria (if any) out of these multiple
equilibria. '

As already said in the introduction, apart from Galf and Monacelli (2002},
Westaway (2003), Driver and Wren-Lewis (1999}, Driver (2000}, we do not know
of any other monetary union simulation, based on a small economic model, which
would jointly capture constraints (C'1) and (C3). Within the class of so-called
New Keynesian studies and apart from these four studies, the closest study we
can actually think of would be Rotemberg and Woodford’s (1997) counterfactual
analysis, which examines the effect of alternative monetary policy rules in the
United States within a closed economy New Keynesian framework. The main
difference between their study and this chapter is that, well, this chapter focuses
on the effect of irrevocably fixed exchange rates on the United Kingdom in a
small open economy New Keynesian framework. In particular, the long-run
relative PPP constraint, one of our simulation’s cornerstones, is naturally absent
from their study. Technically speaking, in their work, the constraint (C1) is
replaced by the imposition of another (non-degenerated) monetary paolicy rule,
and the constraint (C3), proper to an open economy, does not exist. Moreover,
they manage to circumvent Blanchard and Kahn's (1980) requirement, as the
existence of decision lags in consumption and delays in price-setting makes Ap
and y depend on E;_, {Ap;} and E;_; {y:} rather than on E; {Ap;1:} and
Ey {yt+1} in their framework. As a consequence, such a long-run constraint as
(C3) could not be implemented anyway under their specification.

Finally, our model’s predictions are not subject to the Lucas critique to the
extent that the so-called structural parameters are not affected by the regime
change. In particular, we assume the robustness to the regime change of both
the price adjustment frequency and the proportion of backward-looking firms?4.

24Demery and Duck (2002, p. 12) would probably disagree, who argue that “in the absence
of any explanation of why some firms are backward-looking and some forward-looking, this
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This assumption will be all the more satisfactory that the regime change will
have a limited impact on the UK business cycle.

2.2.2 Simulation method

This subsection indicates how to implement our simulation method when the
values of the parameters are known.

Impulse-response functions

Our simulation results will be displayed in the form of the impulse-response
functions of Apy and y, either to the domestic shocks 7P¢ and #**, or to the
foreign innovations v* = [v!* »** us"‘]'. In other words, we seek to de-
termine E; {Apy i} and E; {y;4x} for k > 0 as functions of n°, n®, v}*,
v2* and v¥*. On account of the nature of conmstraints (C1), (C2) and (C3),
these impulse-response functions are expected to show a substantial effect of
the regime change not only on the propagation mechanism (impact of past
shocks on current variables), but also on the impulsion mechanism {impact of
current shocks on current variables). Of course, we will further need to know
the 5 x 5 variance-covariance matrix of ##¢, 5, v'*, 1** and v* to compute
the implied variances of Apy and y.

For the sake of the argument, we assume in this subsection that pp. = pge =0
and that cov (7}°, v}*) = cov (nf*,v#*) = cov (V,‘*, vf*) =0 for (i,j) € {1,2,3}°
with i # j. These assumptions ensure that shocks %, *, »1*, ¥?* and 13* are
serially uncorrelated and independent from each other, which enables us to focus
on the effect of an isolated one-off shock 7¢, £%, v1*, 2* and 1/** on Apy and y.
Relaxing these assumptions thereafter will not raise any difficulty, as it amounts
for one to consider one additional eigenvalue (ppe O py,, both strictly lower than
one) in the simulation method described below, and for the other to simulate
the joint effect of one-off shocks. We will thus eventually be able to conduct the
simulation taking into account the serial correlation of domestic shocks as well
as the correlation between domestic shocks and foreign innovations.

Let us write model A’s IS equation and Phillips curve in the following form:

¥ = By {yer1} + 91 (re — Be {Bpmen1}) + 92B: {Aylyy } + 8

Apgs = M Ei {Apr i1} + halApre—1 + hsye + hay +€5°,

madification to the NK model [read: the canonical New Keynesian model] inevitably appears
somewhat contrived®.
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where gy, g2, h1, h2, hs and hy are the reduced-form parameters®® of the
model. Whether we consider the reaction of our small open economy to domestic
shocks or to foreign innovations, the first point to be noted is that the domestic
monetary policy rule drops out under the monetary union regime, together with
the monetary policy shock26.

Let us focus in the first place on the reaction of our small open economy
to the domestic shocks alone under the monetary union regime. In the ab-
sence of foreign fluctuations, the Phillips curve and the IS eguation have a
very simple form, because y* is constantly equal to zero and because constraint
(C1) amounts to keeping r constantly equal to zero. We thus get a system of
two (cross-)recurrence equations in the two variables Apy and y, so that the
impulse-response functions of these variables will be entirely determined once
their initial values are known.

We have therefore four unknowns, namely Apy;:, E: {Apis+1}, % and
E; {yt+1}, and we need as many independent conditions on these unknowns.
Two of them are provided by the Phillips curve and the IS equation con-
sidered at date {, which correspond to linear equations in the unknowns.
The last two conditions are provided by constraints (C2) and (C3). Indeed,
let us note Z; = [Apy: ApH,t_;}'. QOur system is then equivalent to
AE{Zi11} =BZ; — [f° nf° 0]', where

hi 0 0 1 —hy —hy
A=| -¢ 1 0| andB=|0 1 0
0 01 1 0 0

Since h; cannot be nil in our model, A is invertible and the system
can therefore be written in the following Blanchard and Kahn's (1980) form:
Ey{Zyy1} = A"'BZ, — A1 [9° ni* 0]’ This implies in turn that Yk > 1,
B {Zs} = (47 B)* ™ (A BZ, - A [ nff 0]'). Let m € {0,1,2,3}

#5We call “reduced-form parameter” every parameter which does not belong to the list of
pre-defined structural parameters a, 5, 7, 8, Ppc, Pis; 0, ¥, w, V (7P°) and V (1°%). A reduced-
form parameter will naturally be unaffected by the regime change if it is expressed as a given
function of the structural parameters only. In that sense, it could be called “semi-structural
parameter”.

26The most significant change may be the removal of the rule, not that of the shock.
Indeed, Rotemberg and Woodford (1998, pp. 31-32) find that “in the simulation of the
«historical®» policy regime, the monetary policy shocks are respansible, over the long run,
for only 5.0% of the wariance of deviations of real output from trend, and (perhaps more
surprisingly) for only 1.3% of the variance of inflation. But these results do not imply that
monetary policy is unimportant. Nor do they necessarily absclve the Fed from any blame
for the instability of output or inflation. What they mean is that it is the systematic part
of recent monetary policy that has been of significance for recent economic performance, not
the stochastic variation in Fed policy (which, according to our estimates, has been minimal).”
(Authors’ emphasis.)
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denote the number of (possibly complex) eigenvalues of A~! B whose modulus
is larger than or equal to one.

Constraint (C2) then imposes m constraints on A~!BZ; -
A7'[pf* 5 0], which correspond to as many linear equations in the
unknowns, If m = 2 in particular, then we get as many independent linear
equations as we have unknowns, that is to say that Blanchard and Kahn's
(1980) condition is satisfied, which states that there should be as many
explosive roots as non-predetermined variables in the model. Now, constraint
(C3) provides an additional linear equation in the unknowns, namely that the
first element of the vector Z; + (I — A~1B) - (A‘lBZ; - A-l[gfe ni 0] ’)
should be nil, because (C3) amounts to the terminal condition py o0 = Pri-1
in the absence of foreign fluctuations®?.

We thus eventually get a system of 3+m linear equations, both independent
from and compatible with each other, for 4 unknowns. The corresponding degree
of freedom is equal to 1 — m. As a consequence, there are three possibilities
for the number N, of solutions to our simulation, i.e. the number of impulse-
response functions satisfying the constraints (C1), (C2) and (C3): either N, == 0
fm>1,orN,=1ifm=10r N, =+c0if m <1%. Thecase N, =1 1is
the ideal case and deserves little further discussion®®. In the case N, = 0,
the simulation is impossible. We can then infer from our model that some
structural parameters will have to change under the monetary union regime. In
the meantime, the economy is likely to experience some variability which may
cause substantial damage.

In the case N, = 400, our simulation leads to multiple equilibria. We are
then able to simulate the effects of sunspot shocks, like Clarida, Galf and Gertler
(2000), but unable to simulate those of the fundamental shocks 7P and 7**, as
there are an infinity of solutions. Various criteria have been put forward in
the literature to select what their proposers usually claim is the economically
relevant solution, by which they mean the solution on which the agents are the
most likely to coordinate®®. But we will not need to resort to any of these

27Gali and Monacelli's (2002) presentation suggests another way to impose constraint {C3),
which amounts to consider Blanchard and Kahn’s (1980) condition on the system (pg,y,r)
rather than on the system (Apy,y,r), thus ensuring the stationarity of py. This way of
doing would be simpler {than ours) to determine the impulge-response functions to domestic
shocks, but would be useless (unlike ours) to determine the impulse-response functions to
foreign innovations.

28The cases N; = 0 and N; = +o0 would respectively correspond to “instability” and
“indeterminacy” in Batini and Pearlman’s (2002) terminology.

29The (theoretical) canonical New Keynesian model corresponds to this case, as shown by
Galf and Monacelli {2002).

304 list of these more or less ad hoc criteria is drawn up by McCallum (1999c), who reviews
the corresponding literature. To this list should be added Cho and Morenc’s (2002) criterion.
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criteria anyway as our estimation results will point to m = 1 and consequently
to N, =1.

Let us now turn to the reaction of our small open economy to the foreign
innovations under the monetary union regime. We focus on the reaction of Apgy
and y to the innovations v3*, ¥2* and v3*, not to the shocks nf**, ni®* and #I*.
As already said indeed, these shocks remain unidentified as we cannot think of
any relevant (i.e. model-consistent) identifying restriction®'. The recovery of
these shocks would require the estimation of a closed economy New Keynesian

model for the foreign country, consisting in a Phillips curve, an IS equation:

and a monetary policy rule. Then indeed, the shocks could be recovered from
these equations by using the values of the expectations predicted by the non-
structural VAR. But we choose, at least as a first try, not to estimate this closed
economy New Keynesian model for the foreign country.

In the presence of foreign fluctuations and in the absence of domestic shocks,
the Phillips curve and the IS equation still form a system of two (cross-
Jrecurrence equations in the two variables Apy and g, but this system now
includes the exogenous foreign variables E, {Ay}, ..} for k > 0 and, due to
constraint (C1), E; {r} +k} for k > 0. Now the impulse-reponse functions of r*
and Ay* to v}*, v2* and v$* are known from the non-structural VAR character-
izing the foreign dynamics, so that as previously the impulse-response functions
of Apy and y will be entirely determined once their initial values are known. We
can therefore proceed in a similar way as previously. Only, we first need to intro-
duce the foreign dynamies into our Blanchard and Kahn's (1980) form. Because
this foreign dynamics typically brings only eigenvalues of modulus strictly lower
than one into the system, without altering the value of the “domestic eigenval-
ues”, we will face the same three possible cases as previously. Note also that
constraints (C2) and {(C3) will be significantly affected, and that the latter will
involve in particular the term E, { pfl'_m}, which we naturally derive as a function
of v!*, v2* and v}* from the foreign non-structural VAR.

Comparison with VAR simulations

As indicated in table 2.2, there exist a few simulations of national business cy-
cles within the Eurozone based on VAR estimations on pre-Euro data. However,

In our context, we could aiso think of a criterion selecting the solution closest (in terms of a
certain measure t0 be defined) to the pre-Euro dynamics.

3170 our knowledge, Giordani (2002) is the only study to provide restrictions derived from
a New Keynesian theoretical framework for the identification of foreign structural shocks in a
non-constrained VAR. These (short-term) restrictions are however useless in our context, as
they are based on Svensson (2000)’s particular specification whose structure of lags and leads
does not correspond to ours.

e
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none of these simulations rests on a structural model with rational expectations,
and this is problematic for two reasons. First, these studies may not impose the
right contraint(s) on the VAR(s) estimated: Mélitz and Weber {1996) and Niko-
lakaki (1997), for instance, modelize the monetary union as the sole equalization
of the national monetary policy shocks, which is little satisfactory. Second and
more importantly, these studies assume that the VAR coefficients are not af-
fected by the regime change, which is questionable, to say the least of it. They
prove therefore highly vulnerable to the Lucas critique.

By contrast, we make clear that in our three-variable (Apy, v, r) frameworls,
the irrevocable fixity of the nominal exchange rate imposes ali three constraints
{C1), {C2) and (C3). In particular, imposing constraint (C1) alone, i.e. setting
only r = v at all dates, would leave the current nominal exéhange rate free
to move. Another way to impose these three constraints would be to set the
nominal exchange rate to zero in a four-dimension VAR specifying PPP as a
cointegration relationship®?, the VAR’s fourth variable, besides Apgr, y and r,
being precisely the nominal exchange rate e. But this would be an ad hoc manner
to impose the right constraints, as there is no structural model to support this
simulation method.

Actually, we can easily show that a VAR simulation (of the UK business eycle
under EMU-membership) would be simply irrelevant within our New Keynesian
context, because our model implies that all the coefficients (not just those of
the monetary policy rule) of a three-dimension VAR with Apy, y and r as
endogenous variables would be affected by the regime change, and that the
corresponding simulation would consequently be subject to the Lucas critique.

To that aim, let us assume for a brief moment that the monetary policy
rule followed during the estimation period has both been stable and ruled out
multiple equilibria. This assumption enables us to modelize our small open
economy by a three-dimension VAR, whose endogenous variables are Apy, v and
7. Let us note X; = [Apy, % 1. This VAR is written X; = Q (L) X;—1 +
R(L) X}y + vy with Q(L) = ", Q:Lf and R(L) = %, R, L#, where Q;
(0 <i<n)and R; (0 <j <n')are 3 x 3 matrices and ; is an independently
and identically distributed Gaussian vector with mean zero.

Such a VAR, would lead to the following system: B, {X;11} = Q(L) X; +
R (L} X}, whose first two lines correspond more or less to linear combinations of
the Phillips curve and the IS equation. Now let us assume, ag usual in structural
VAR studies, that #7°, n°* and n" are serially uncorrelated and independent from

32Hénin and Nicoulaud's (1999) study, featuring in table 2.2, adopts a similar PPP-
cointegrated VAR approach to simulate the UK business cycle under EMU-membership.
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each other, where 5" denotes the monetary policy shock, and that there exists
a 3 x 3 matrix § such that v, = S, where n, = [nf° nj* n{]'.

On the one hand, given the Phillips curve and the IS equation, we need at
the very least Sy3 = Soa = S3; = S32 = 0 to make the first two lines of Q@ (L)
independent of the monetary policy rule. On the other hand, as shown by
chapter 1, the absence of multiple equilibria (be they convergent or divergent,
a necessary condition for the economy to be represented by a VAR) requires a
forward-looking monetary policy rule having immediate effects, which implies
S13 # 0, S23 # 0, 831 # 0 and Sz2 # 0. '

At the end of the day, the general model presented at the onset of this
subsection predicts that the coefficients of an economically meaningful VAR do
necessarily depend on the monetary policy rule followed by the central bank.
We can think of no explicit assumption under which this result would not hold.
In other words, a VAR simulation is simply impossible within our theoretical
framework, as it provides no means to disentangle in each VAR parameter the
part due to the structural parameters, which will be unaffected by the regime
change, from the part due to the coefficients of the monetary policy rule.

2.3 Empirical application

This section estimates model A for the UK and applies the simulation method
to the UK joining the Eurozone. Because the estimation results prove not fully
satisfying, we shortly point to directions for future research at the end of the
section. In particular, we specify (directly i reduced-form terms) an extended
model, labelled model B, which performs better as far as the estimation results
are concerned, so that one direction for future research could be to base this
model on microeconomic foundations.

Our model we do want to estimate, rather than calibrate, for two reasons®3.
First, estimation should be seen as a way to gauge the consistency of the model .
with the data. Second, estimation provides values for some parameters which
happen to be neither directly observable nor easily obtained by other means,
such as typically the correlation between domestic and foreign shocks.

33 A third resson could even be put forward, namely that estimation enables one to accom-
pany her simulations by confidence intervals, but we do not msake use of this third advantage
of estimation over calibration.
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2.3.1 Data selection

Even though we choose here to focus on the UK, our simulation method could
be interestingly applied to one country “already in" and two other countries
“still out” the Eurozone, namely Ireland, Denmark and Sweden. Like the UK,
each of these three countries can indeed be considered as a small open economy
with respect to the (rest of the) Eurozone, has relatively close commercial links
with the (rest of the) Eurozone, and has a development level similar to that of
the (rest of the) Eurozone.

Considering Ireland would be interesting because it has had ever since the
lannch of the Euro a business cycle of its own, not to say a business cycle at odds
with that of the rest of the Eurozone. Another member country, Portugal, has
experienced quite an idiosyncratic business cycle as well, but this may be due
with a productivity catch-up process which is not captured by our model. Con-
sidering Denmark and Sweden would also be interesting in terms of economic
policy advice because these countries, just like the UK, are currently contem-
plating the possibility of adopting the Euro. The simulation of their euroized
business cycle would therefore give an indication about whether or not they
should join the EMU.

The CEECs may also adopt the Euro one day, but our model is less well
adapted to these small open economies which are catching up and are mostly
price-takers. The same difficulty arises for other countries which have recently
adopted the US Dollar as their unique currency, like Ecuador and El Salvador®.
On the contrary, Obstfeld and Rogoff (2000) argue that the no local currency
pricing assumption (one of our model’s cornerstones) fits the UK rather well, as
62% of British exports and 43% of British imports are denominated in Sterling,
according to the ECU Institute (1995)5.

One underlying assumption in our simulation method is that foreign dynam-

34But we could still on these grounds consider Argentina, which has recently contemplated
dollarization.

35 This view is challenged by Neiss and Nelson (2002, pp. 15-16): “An alternative view is
that closed-economy NKPCs [New Keynesian Phillips curves] should not be used to analyse
CPI inflation. On this view, import prices behave dissimilarly from other elements of the CPI
and are largely associated with exchange rate and world price changes, leading to & strong
influence on the CPI from open-economy factors. But this view does not have much support in
the data (see e.g. Stock and Watson, 2001), even for highly open economies like the UK, and
so we proceed with an analysis that does not have explicit open-economy elements. [...] For
the UK, while both inflation measures {CPI inflation and GDP deflator inflation] are positively
correlated with unit labor costs, the relation is noticeably stronger for CPI inflation. This
may appear surprising from the perspective of models that stress domestic-goods inflation as
being driven by marginal cost, and import price inflation as determined by a different. set of
factors. But we have argued that there are grounds for regarding import price inflation, and
so total CPI inflation, as driven heavily by domestic-economy factors.” We proved however
unable to find any reference thereupon in Stock and Watson (2001).
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ics is left unchanged by the regime change. This assumption would be relevant
in the case of a dollarizing Argentina, because the US would not be affected
this dollarization, but it is problematic in the case of the UK (as it would be
in the case of Denmark, Ireland or Sweden) adopting the Euro, because things
have changed in the Eurozone since the estimation period: indeed, the national
monetary policy rules have been replaced by the ECB monetary policy rule.
Our simulation of the effects of foreign shocks rests therefore on the (strong)
assumption that the national central banks have fully cooperated with each
other during the estimation period, so that they have collectively behaved like-
a unique central bank with regard to common shocks®®.

We actually choose to assimilate the Eurozone to Germany for reasons of
data availability, Adding France, Italy and Spain to Germany would enable us
to consider up to 79% and 80% of the Eurozone in terms of population and real
GDP respectively, on the basis of Aten, Heston and Summers’ (2002) dataset for
the year 1996, instead of 27% and 29% respectively when Germany is consided
alone. But our French, Italian and Spanish data do not go back in time as far
as our British and German data, as shown by table 2.3, so that we decide to
leave them aside.

Table 2.3 indicates the precise nature of the data chosen and table 2.9
provides a comparison with the data used in all the studies inventoried in table
2.8. We use PPI indices for the price index Py, in accordance with our model
and in contrast with all other studies, including those having an cpen-economy
setting. We choose industrial output for the production level Y, unlike all other
studies but Clarida, Galf and Gertler’s (1998), because our model focuses on
tradable goods exclusively. And we use the three-month Treasury bill rate for
the nominal interest rate R. The Apy and r series, respectively corresponding
to Alog (Pyr) and R, are de-meaned, de-seasonalized and annualized, i.e. ex-
pressed in per cent per annum, while y = log (Y'), already seasonally adjusted,
is linearly detrended so as to be expressed in per cent of deviation of Y from its
steady state value.

We resort to linear detrending for y as we assume that the deterministic trend
in the logarithm of potential output is linear. Note that we do acknowledge that
the logarithm of potentia! output may have and has indeed a stochastic com-
ponent in addition to its deterministic linear trend. This stochastic component

38 An alternative way to proceed would be to infer a calibrated monetary policy rule from
the few years of existence of the ECB, and to use the New Keynesian model of a closed
economy to simulate the effect of this new rule on the Eurozone’s business cycle, taking into
account the impact of this change in the monetary policy rule on the private agents’ rational

expectations.
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we include in the shocks £”° and &**. In other words, our variable y is not sup-
posed to represent the output gap, defined as the percentage difference between
the actual output level and the flexible-price, flexible-wage output level, i.e. the
output level which would prevail, were there no nominal rigidity in the economy.
¥ the choice of the detrending method for y has been so much discussed in the
literature, it is because in contrast to our variable, y is typically supposed to
represent the output gap in a large body of the literature which includes most
of the studies featuring in table 2.9. And this output gap, which captures the
portion of output variation due to the presence of nominal rigidities, is typ-
ically very volatile, so that the choice of a smooth detrending method seems
irrelevant37.

Two last points are worth noting. First, we choose like most other studies
to consider the quarterly frequency, although because we use industrial output
rather than GDP data, we could like Clarida, Galf and Gertler (1998) consider
the monthly frequency, which provides three times as many observations. Sec-
ond, we need to assume that Apy, y and r are stationary variables, as implied
by the model. Clarida, Gali and Gertler (1998, 2000) justify this assumption
more or less convincingly by putting forward the “well-known low power of unit
root tests” for short samples.

2.3.2 Estimation method

Before applying our simulation method, we need to estimate the parameters of
our model. We choose to estimate the structural parameters rather than the
reduced-form parameters, so as to take full account of the theoretical cross-
equation restrictions on the reduced-form parameters, which implies a joint
estimation of the Phillips curve and the IS equation®®. The estimation of these
structural parameters involves non-linear estimation techniques, as these pa-
rameters enter non-linearly the two equations.

37This difficulty is mentioned in Amato and Laubach (2003b), Lindé (2002), Nelson (2002)
and Woodford (2003) among others. Besides, Galf and Gertler (1999), Neiss and Nelson
(2001), Woodford {2001} and Galf {2002) all provide empirical evidence on the fact that the
theoretically consistent output gap (or real marginal cost) is not closely - and may even be
negatively - correlated with the detrended output level. To our knowledge, Neiss and Nelson
(2002) is the only study to use a theory-consistent output gap measure. Note finally that
oddly enough, Cho and Moreno (2002, p. 9) advocate the choice of & linear or quadratic trend
rather than a Hodrick-Prescott trend, so as to be allowed to interpret £ as an aggregate
demand shock.

380ddly enough, this advantage of muitivariate estimation over univatiate estimation
within the framework of the New Keynesian model was first pointed out only recently, by
Leeper and Zha (2001). Note that in our framework these cross-equation restrictions take the
form of inequalities rather than equalities, given the licit range of the structural parameters.




Part I, CHAPTER 2: SIMULATION OF THE UK... 89

We therefore choose GMM as our estimation method. As reminded by
Roberts (2001), full-information estimation techniques may well have greater
econometric efficiency®? when the correct specification of the model is known,
but limited information techniques, as for them, are robust to incorrect model
specifications. According to this author, GMM also has the advantage of han-
dling the possible correlation between the error term and the explanatory vari-
ables, as well as the advantage of protecting against biases stemming from data
measurement €rrors.

But GMM does not only have general advantages and shortcomings. Indeed, -
the use of GMM to estimate or to test New Keynesian models in particular
has recently come under criticism from two studies for two different reasons.
First, as argued by Rudd and Whelan (2001), GMM cannot distinguish between
backward-looking and forward-looking Phillips curves because inflation is highly
autocorrelated. According to these authors, GMM estimates are biased if the
true Phillips curve is backward-looking and if lagged inflation rates are used as
instruments, while Hansen’s test of overidentifying restrictions is then likely to
fail to detect this misspecification.

Our answer to this criticism is simply that the present chapter is not aimed
at testing the New Keynesian specification of the Phillips curve against the al-
ternative specification without any expectations term. In other words, we do
not take part to the currently raging forward-looking versus backward-looking
debate. Instead, we assume the existence of a forward-locking Phillips curve
which we seek to estimate. As should be clear to the reader by now, our simu-
lation method does rest on the forward-looking nature of the model, by which
we mean that we could not conduct our simulation within a backward-looking
framework.

Second, Lindé (2002) expresses serious doubts on the performance of univari-
ate GMM to estimate New Keynesian Phillips curves. Using simulated data, he
finds that in the absence of measurement errors, univariate GMM perform badly
compared to univariate NLLS when r is persistent and when the true Phillips
curve is more forward-looking than backward-looking, while in the presence of
measurement errozs (specified as white noises incorporated into p and y), neither
univariate GMM nor univariate NLLS works well. He zlso shows still on simn-
lated data that univariate GMM estimates of New Keynesian Phillips curves are
biased if both y and r are persistent, or if the monetary policy rule is unstable.

To this criticism we have little to answer, except that, well, we do actu-

a supposedly “economically relevant solution”.
42Cho and Moreno (2002) put forward this advantage of FIML over GMM.
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The joint estimation of the Phillips curve and the IS equation has the ad-
ditional advantage of taking into account the correlation between the two cor-
responding error terms®®. Given our estimation method (detailed below), these
error terms are written as linear combinations of expectation errors, and they
are likely to be correlated to each other because both of them involve in par-
ticular Apa,s1a — E: {Apa t+2}, Apu s+ — By {Apy ey}, Y41 — Ee {41} and
i1 — Be (gt }-

As can be seen in table 2.9, four main alternative methods can be used to
estimate the structural parameters. The first one is the Generalized Method
of Moments (GMM), which consists in using adequate instruments to estimate
the IS equation and the Phillips curve where the expectations E; {Apy s41},
E: {y:41} and E, {Ay},,} have been replaced by the actual values Apsqs,
¥t+1 and Ayy,,. The second one is the Minimum Distance Estimation (MDE)
method, which consists in choosing the values of the parameters which mini-
mize the difference (in the sense of a judiciously chosen measure) between the
predictions of the model and those of a non-structural VAR. The third one is
the well-known Full Information Maximum Likelihood (FIML) method. And
the fourth one is simply the Non-Linear Least Squares (NLLS) method, whose
use is relevant in our context when survey data are used as a proxy for expected
variables.

Now, the NLLS method can be ruled out as we do not use survey data,
and we can not resort to the MDE and FIML methods as we stick to a partial
equilibrium framework by not specifying the domestic monetary policy rule. As
already said, we choose not to estimate any domestic monetary policy rule®®
mainly because we happen to have good reasons to suspect that this rule might
well not have been stable over the estimation period, which includes the EMS
period. Finally, we also view the MDE and FIML methods as problematic in
the context of rational expectations models characterized (as often) by multiple
equilibria, simply because they rest on the arbitrary selection of one equilibrinm
out of all possible equilibria®!.

3%In Cho and Moreno's (2002) terms, “the estimation of the full system has the advantage
of allowing for the interaction among the different economic agents: consumers, firms and
the central bank” (p. 1), or in other words, “the joint estimation has the advantage that it
accounts for the simultaneous effect of all the structural shocks on each of the variables in
estimation” (p. 5).

“ONote that the estimation of the domestic monetary policy rule would be a constrained
estimation if this rule is assumed to ensure the implementation of a unique equilibrium in
the sense of chapter 1, because some of its coefficients are then theoretically lLinked to the
coefficients of the Phillips curve and the IS equation.

4 For instance, Cho and Moreno (2002) have not only to assume the existence of a solution
in the form of a VAR of order one, but also to choose one stationary solution out of several at
each iteration of their FIML estimation procedure, with the help of a criterion which selects
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ally perform multivariate GMM, not univariate GMM, as we jointly estimate
the Phillips curve and the IS equation. Qur approach is thus intermediate be-
tween a single equation estimation approach and the three-equation full-system
estimation approach advocated by Lindé (2002). True, our justification for dis-
regarding the third equation (namely the monetary policy rule) is the suspected
instability of the latter, and Lindé’s (2002) last criticism about univariate GMM
estimates of the Phillips curve applies precisely in the case of an unstable mon-
etary policy rule. But we just hope that his results are not robust to the joint
estimation of the Phillips curve and the IS equation.

2.3.3 Estimation procedure

Our GMM estimation procedure is very similar to Roberts’ (2001), even though
ours is applied to the estimation of the structural parameters of two equations,
while his is applied to the estimation of the reduced-form parameters of one
single equation. Let us first remove the AR(1) shocks from our IS equation and
Phillips curve by quasi-differentiation:

Ei{yer1} —psr = Ei{tes2} — pisBe {1} + 01 [Ee {rea
~Apysv2} — pis (1 — By {Apm e}l
+g2 (Ez {AU:+2} — pisEy {A!J’:ﬂ}) )

Ee{Apysi1} — ppcBpus = hi (B {Aprir2} — PocE: {ApH41})
+h2 (Apry — ppeApH—1) + ha (Bt {41}
—ppce) + ha (Bt {u}11} — ppe¥f?) -

These two equations can then be re-written in terms of the observed variables
and of expectations error terms u® and uf°, which gives the two estimated
equations:

Vel — Pisth = Y2 — PisYer1 + g1 [(Ter1 — AD212) — pis (Tt
~Apa 1)l + 92 (B2 — PDY1) + 15,

ApH 41 ~ PpcDPr: = Py (APH 42 — PpcDPH+1) + B2 (Apwy
—PpeAPH 1) + hs (B {ye+1} — Poete)
+ha (Be {yiy1 } — ppei) +uf",
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where

u® = (14 pia) (Wer1 — Ee {tr1}) — (42 — Ee {t142})
—g1 (41 — B {re1}) + 91 (Apm 42 — B {Aprsi2})
~g101s (Dp 1 — By {Aprs41})
~g2 (Ayfts — Be {Bu3ha}) + 02010 (A1 — B {A11})

W = (14 hippe) (Aprev1 — Ee {Apas11}) — b1 (Bprse2
—Ey {Apasi2}) — hs (a1 — Be {yesr}) — ha (41 — Bt {v54a}) -

Under the assumption of rational expectations, u}* and uf* are orthogonal
to current and past variables, which can consequently be used as instruments.
Under our preferred specification, we will choose 31—k, Tt—k, ¥ and r7_,, for
1 £ k £ 3 as our instruments, thus leaving aside the lagged inflation rates. This
choice is advocated by Roberts (2001), who warns of possibly serially correlated
measurement errors in Apy. Moreover, this author finds that the coefficient
associated to y in the hybrid Phillips curve has the right sign (alas without
being significant} only when lagged inflation rates are not used as instruments.

Because we estimate our two equations jointly, the GMM estimator is a two-
step two-stage least squares estimator, the first step corresponding to traditional
two-stage least squares, from which an optimal weighting matrix is constructed.
Acknowledging the serial correlation in both our instruments and the error terms
u'® and P, we resort to the weighting matrix advocated by Hansen (1982),
which provides a more efficient estimator®®. Note indeed that our error terms ui®
and u!® happen to be MA(2) by construction, just like the n-step forecast error
in Clarida, Galf and Gertler’s (1998, 2000) framework is MA(n) by construction
and calls similarly for the use of an optimal weighting matrix.

How do we recover the structural shocks £7° and £*, or equivalently 7P°
and 7**, after estimating the structural parameters of the model? We know of
only one method, namely Rotemberg and Woodford’s (1997), which consists in
using the private agents’ expectations derived from a non-structural VAR to
residually obtain shocks P° and £* from the IS equation and the Phillips curve.
Unfortunately, this method is unavailable to us as we rule out the possibility of
modelizing our small open economy by a VAR.

43This weighting matrix is used by RATS 4.31 with the options LAGS and DAMP of the
NLSYSTEM procedure.
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Instead, we proceed as follows to estimate the variance-covariance ma-
trix Q of the (serially uncorrelated) vector of exogenous perturbances
[mie ¢ u}* v2 3]’ Let vi* and of° denote the residuals of the non
quasi-differentiated equations, which can be readily estimated:

v =y~ g1 — 61 (1t — ApHe1) — 92841,

'vfc = Appy — RiApy i1 — hoApri—1 — haye — hay; -
These residuals can be expressed as functions of the structural shocks and -
some forecast errors:

v = = (U1~ B {pen1)) + 01 (Bpsr — Be {Apags1})
~g2 (A1 — B {Apia)) + €0,

o] = —h1 (Apw 1 — B {Apwgn}) +€8°

We know that cov (n#*,7f°) = 0 by assumption and we can directly es-
timate the variances and covariances of v}*, v?* and 13* from the foreign
VAR. Because both forecast errors and past shocks are orthogonal to the cur-
rent foreign innovations, we also know that cov (v, vf*) = cov (nié,v{*) and
cov (vF°, v8*) = cov (nf°,v}*) for i € {1,2,3}, which provides us with estimates
of cov (nj*, vf*) and cov (nf°, v*) for i € {1,2,3}. We thus get estimates for all
the coefficients of £2, but £2(1,1) and £} (2, 2).

We will not be able to get direct estimates for these last two coefficients,
but rather a lower bound and an upper bound for each of them. Indeed,
because forecast errors are orthogonal to current shocks, we get var (nﬁ’)
< (1-¢2,) var (v}*) and var (nf°) < (1 - g2;) var (vf°). Similarly, because
forecast errors are orthogonal to present and past variables, we get:

- -
1— g 2 (.88 _
var (ﬂ:’) > max ( pf,)cov ('”’t  Te—k) :
z2e{Apy .y 1Ap* ¥t} k20 var (mt_;,)
[(1— cov? (17, 2,4 |
var (nfc) > max ( pszc) ( t 1Lt k) .
2e{Apy p.r,0p" ¥}, k>0 var (-'I«‘:—k)

Finally, var (ni) and var (nf°) must be such that the variance-covariance
matrix of [nf* #7° u}* 2 v}*] is semi-defivite positive, which imposes
an additional constraint on Q (1,1) and £2(2,2).
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2.3.4 Estimation results

All results have been obtained with the RATS 4.31 software. As already said,
we seek to estimate the structural parameters so as to take full account of
the cross-equation restrictions between the reduced-form parameters gy, g2, h,
ha, hg and hy. But we also directly estimate these reduced-form parameters
in order to appreciate how much contraining these restrictions prove to be.
Moreover, these structural and reduced-form estimations are also carried out
for each equation separately, again so as to provide a useful benchmark to our
results. The corresponding estimates are dispayed in tables 2.4 and 2.5.

Tt should first be mentionned that the calibration of several structural pa-
rameters is required for the estimation algorithm to converge towards a stable
solution to the minimization problem. We have to set these structural parame-
ters prior to estimation for two reasons. First, because they may not be jointly
identifiable. Such is the case of parameters & and 1, whose separaie effects can-
not be disentangled in the expression (2 — &) (on — 1). Second, because the
estimation algorithm may not converge even though the parameters are theo-
retically identifiable. Leith and Malley (2001) meet the same difficulty in their
non-linear GMM estimation procedure. Like them, we have to condition our
estimation on these calibrated parameters.

We choose to set § = 0,99, which given our quarterly frequency implies a
riskless annual return of about 4% in the steady state, and (admittedly some-
what arbitrarily) n = 0,55. As indicated in table 2.4, the estimation of the IS
equation alone then provides & = 0,50 and & = 0,15. We therafter calibrate
these four paramsters at these values to estimate either the Phillips curve alone,
or both the IS equation and the Phillips curve. At the end of the day, some of
our estimates prove in accordance with existing studies, for instance pp. = 0,81
and & = 0,92 which happily happen to be the most significant of all (together
with p;,), while others are clearly unreasonable but happen to have a confidence
interval large enough to include more reasonable values, like g = 0,07 whose
confidence interval at the 95% level (under the normality assumption) includes
the value 8 = 0,75 consistent with an average period of one year between price
adjustments. Finally, we suspect that our highly significant p;, = 1,01 signals
the existence of omitted lags of 3 in the IS equation.

Note that the coefficients § and ks of the two forcing variables in the
reduced-form estimations have always the right sign but are usually not signif-
icantly different from zerc. This disappointing estimation result proves rather
common in the literature. Cho and Moreno (2002, p. 21) say that “this bias [...]
seems to be related to the measurement error contained in the detrended out-

. ¥
-]
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put measure”, but this culprit we can rule out in our framework, as we reckon
to have satisfactorily dealt with the issue of detrending. As argued by Lindé
(2002), the non-significance or the wrong sign of the y-coefficient in the esti-
mated Phillips curve would tend to support the old Phillips curve rather than
the New Keynesian Phillips curve. But as already said, we do not take part to
this debate.

Hansen’s specification J-test of the overidentifying restrictions validates our
orthogonality conditions in all cases, though much less so for the estimation
of the structural parameters. We suspect that this result comes from the fact .
that the additional lags of the endogenous variables which have to be used as
instruments for the joint estimation of the Phillips curve and the IS equation (as
more parameters are to be estimated) prove not so good instruments, Finally,
the R? ranges from 0,77 to 0,84 for the IS equation and from 0,86 to 0,89 for the
Phillips curve, which is pretty high, while the Durbin-Watson statistic ranges
from 2,92 to 2,98 for the IS equation and from 3,02 to 3,15 for the Phillips curve,
which suggests a negative serial correlation (at the first order) for ui* and uf®,
precisely what should be expected at first sight (say, if the forecast errors on
two different variables are not correlated with each other).

‘We have carried out a robustness analysis to check whether our estimation
results depend on our particular estimation procedure. We have thus consid-
ered other detrending methods for y and found that the estimators are little
affected by the use of a quadratic or a Hodrick-Prescott trend rather than a
linear trend. Similarly, the choice of various initial values for the parameters
in the estimation algorithm does not impact on the final estimators when the
algorithm converges, though it may precisely impact on whether the algorithm
does or does not converge. We have used an alternative normalization of the
orthogonality conditions, just like Gali and Gertler (1999), as GMM estimators
are sometimes criticized (e.g. by Demery and Duck, 2002) for being sensitive
to the normalization of orthogonality conditions in the context of a non-linear
estimation over a small sample, but our results proved altogether robust to this
alternative specification.

We have also considered various specifications for the serial correlation of
the Kronecker product of our instruments by »** and u?, in the form of MA(k)
processes for 2 < k < 20, and found that our results may be affected by the
specification chosen. As the true specification may well be AR rather than MA,
but our econometric software does not enable us to specify an AR process, we
eventually chose a large degree for the MA process, namely 20. Finally, we have
used different sets of instruments alternatively and found that our results do
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significantly depend on the set chosen, especially on whether this set does or
does not include lagged inflation rates. As advocated by Roberts (2001), we
chose to leave the lagged inflation rates out of our instrument set.

We resort to Akaike’s, Hannan and Quinn’s as well as Schwartz’s criteria
to choose the order of the foreign VAR. These criteria advocate the choices
of 8, 2 and 1 lag(s) respectively. We decide to meet halfway by adopting a
VAR(2) framework., Moreover, the order 2 is precisely the one which minimizes
the unweighted sum of the functions associated to the three criteria considered.
Besides, we carry out a Chow test to assess the stability of the VAR, as the
data refer to unified Germany from 1991.

2.3.5 Simulation results

Having estimated the first- and second-order parameters of our model, we are
able to simulate the macroeconomic fluctuations of the UK within the Eurozone
(disregarding the period of transition from one regime to the other) along the
lines of the simulation method described above. Our simulation is based more
precisely on the results of the joint structural estimation of the Phillips curve
and the IS equation, that is to say on the following system:

= B {yes1} — 2,08 % (ry — B {Aprgna}) — 0,69 % B {Ayp,, } + €%,

App . =0,07+ E, {A.PH.t+1]' 40,93+ Apgsy +0,06+y, —0,02% y;' + efc,

where £° = 0,81 &2, + 7 and (admittedly somewhat arbitrarily*t) eif =
0,83#(2; +ni*, with a variance-covariance matrix of [ni* #f° vi* 2 ]

estimated by

1,05 0 -0,39 —0,06 0,08
~ 0 0,01 0,00 —0,04 0,00
=] -039 —0,00 020 0,13 0,02

-0,06 -0,04 0,13 2,66 0,01

0,08 90,00 0,02 0,01 0,06
This matrix {} is obtained as previously indicated. Concerning {3 (1,1) and
{1(2,2) in particular, the computations lead to 0,70 < V (*) < 2,87 and

“We cannot retain p;; = 1,01, as implied by our estimsation results, for obvious reasons
of convergence. We use instead the alternative and more realistic value 0,83 for p;,, which
fall into the bilateral confidence interval at the 85% level under the normality assumption.
The system should ideally be estimated again conditionally on p;, = 0,83, but we leave it
unchanged so as to avoid the overabundance of estimation results.
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0,01 £ ?(ﬁf") < (,05. However, ) does not prove semi-definite positive for
all these admissible values of ¥ () and ¥ (7). Actually, {1 is found to be
positive semi-definite if and only if ¥ (7*) > 1,05, whatever the value of V (#°)
in-between 0,01 and 0,05. At the end of the day, we choose to use the lower
estimates {} (1,1) = 1,05 and {1 (2,2) = 0,01, which we view as more relevant
than the upper estimates }) (1,1) = 2,87 and {) (2,2) = 0,06, simply because
the latter are based on the doubtful assumption of zero forecast errors, contrary
to the former. If anything, our simulation results will therefore probably tend to
underestimate macroeconomic volatility for the UK under EMU-membership. .

Let us now turn for a brief moment to the issue of macroeconomic instability.
Of the three eigenvalues associated to this sytem, one is real and higher than
one (15,33), while the two others are complex and of modulus lower than one
(0,93). This result ensures the existence of one single equilibrium under the
monetary union regime, and we therefore escape the case of no equilibrium as
well as the case of multipe equilibria. Because we are left with two complex
eigenvalues, we get an oscillatory system for our simulation of the UK business
cycle under EMU-membership.

Figures 2.1 and 2.2 display the simulation graphs characterizing the UK
business cycle under EMU-membership. More precisely, figure 2.1 diplays
the impulse-response functions of Apy, py and y to the domestic shocks n*
and nP¢ in the absence of foreign fluctuations, while figure 2.2 displays the
impulse-response functions of Apy, py, ¥, Ap*, p*, ¥* and r = r* to the foreign
innovations }*, v?* and v$* in the absence of domestic shocks. These initial
shocks and innovations are one-off, positive and equal to their standard error.
For the sake of clarity, they are considered separately in these simulation graphs
even though they are actually correlated with each other.

The simulation graphs of figure 2.1 indicate that the immediate effect of
a positive cost-push shock 774, that is to say a negative productivity shock,
is a fall in the production level and a rise in the inflation rate as well as the
price level, while the immediate effect of a positive IS shock 7*%, i.e. a positive
aggregate demand shock, is an increase in the production level, the inflation rate
and the price level. These results are naturally in accordance with conventional
wisdom. Note however that the opposite results are a priori conceivable in our
four-equation four-unknown framework.

As implied by our simulation method, the three variables (Apy, py and 3)
are stationary following a domestic shock, that is to say that the corresponding
impulse-response functions converge towards zero in the long term. As can be
seen on the simulation graphs, the speed of convergence towards PPP is not
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particularly low. Indeed, the impulse-response functions of py to the domes-
tic shocks under EMU-membership take around 10 quarters to cover half the
distance to PPP. This speed of convergence implied by our simulation results
proves somewhat higher than existing studies’ estimates®S.

Besides, it is worth noting that our impulse-response functions to domestic
shocks prove quite similar to Westaway’s {2003) qualitatively speaking, as they
share the same oscillatory pattern. This similarity is rather encouraging. The
only noticeable difference is a somewhat longer oscillatory period in our case
(18 versus 12 quarters). _

This oscillatory pattern is naturally also present in the impulse-response
functions to the foreign innovations displayed in figure 2.2. We do not interpret
these simulation graphs however, as the foreign innovations are no structural
shocks and consequently have no clear economic meaning. Only, the rather high
degree of international transmission is worth noting. Indeed, the UK macroe-
conomic fluctuations under EMU-membership caused by EMU macroeconomic
fluctuations (in the absence of UK shocks) are very much comparable in magni-
tude to these EMU macroeconomic fluctuations themselves. This international
transmission of macroeconomic fluctuations goes through three channels under
EMU-membership: the presence of y* in the domestic IS equation and Phillips
curve, the constraint (C1) equalizing r to +* in the domestic IS equation and the
long-run relative PPP constraint (C'3) linking py, 400 and pi, to each other.

Let us now examine the effect of EMU-membership on the variances of Apy
and y, i.e. let us compare the variances implied by our simulation to those
observed over the estimation period. As indicated in table 2.7, the standard
error of Apyy is left roughly unchanged by EMU-membership, while the standard
error of y is increased twofold. This result for Apy proves more or less in
accordance with those of existing studies, contrary to the result for y which
proves much more pessimistic for the euroized UK than those of existing studies.
Note however that our results prove compatible with those obtained by Driver
and Wren-Lewis (1999) or Driver (2000) for a generic country. Indeed, these
authors define a loss function as a weighted sum of the squared deviations of
the variables of interest (including inflation and ouptut) from their steady state
values, and find that depending on the scenario and the shock considered, the
move from free float to EMU multiplies the value taken by the loss function by

45Tn Obstfled and Rogof’s (1996, p. 623) terms, “as Froot and Rogoff (1995) show, consen-
sus estimates for the rate at which PPP shocks damp out are very slow. Considet a regression
of the form g; = ao + pge—1 + €¢, where g is the real exchange rate and ¢ is a random distur-

bance. On annual panel data for industrialized countries, a typical estimate of p is 0,85. This
implies an average half-life of deviations from PPP of roughly 4,2 years.”
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a factor contained between 0,84 and 173%.

Note that our results rest on the assumption that the uncovered interest
rate parity holds without any error term. Had we introduced an exogenous
risk-premium shock into the uncovered interest rate parity, this shock would
have ended up as an additional term in the IS equation. Naturally, this term
would have had to be removed from the simulation exercise, as the risk-premium
shock no longer exists under the monetary union regime. The large increase in
macroeconomic volatility which we find the UK would experience if it adopted
the Euro may therefore reflect our overestimation of the true V' (1**} as we do.
not specify any risk-premium shock.

Note furthermore that if we focus on domestic shocks only, that is to say
if we ignore the effect of foreign innovations (admittedly a questionable way to
proceed, given that domestic shocks are correlated to foreign innovations), then
the variances of the variables of interest Apy and y under EMU-membership
are increased up to twofcld: the macroeconomic volatility ratios take the value
1,44 (instead of 1,06) for Apy and 2,75 (instead of 2,06) for y. In other
words, taking into account the EMU fluctuations does actually lower the UK
macroeconomic volatility under EMU-membership. This resuit, which comes
naturally from the correlation between the domestic and the foreign exogenous
perturbations, underscores the importance of our estimated variance-covariance
matrix . More precisely, it is probably due here to the fact that n** and v1*
happen to be negatively correlated with each other and to have similar effects
on each of the variables of interest (Apy and y). Little can be said thereabout
however, as the innovation on the EMU inflation rate +'* has no economic
interpretation.

2.3.6 Further extension

The estimation results obtained for model A are not fully satisfying for three
main reasons. First, the estimates are more often than not little significant,
whether we deal with structural or reduced-form parameters. Second, the es-
timates of the structural parameters, or their values compatible with the data
when we impose them, prove sometimes unreasonable. Third, the highly sig-
nificant estimate of p;, is too large and compel us to use another value in the

46More precisely, these authors consider three different shocks occurring only in the do-
mestic country, namely a one-year IS shock (case A), a three-year IS shock (case B) and a
one-year cost-push shock (case C). Depending on the scenario considered, the move from free
float to EMU multiplies the value taken by the domestic losa function by a factor contained
between 3,21 and 7,56 in case A, between 2,93 and 6,64 in case B, between 0,84 and 1,25 in
case C, while the value taken by the foreign loss function is multiplied by a factor contained
between 12 and 39 in case A, between 19 and 96 in case B, between 17 and 173 in case C.
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simulation step. One could suspect that the estimation period is partly re-
sponsible for these three shortcomings. Indeed, this estimation period includes
the 70’s, a singular decade of highly volatile inflation. However, things do not
change fundamentally when model A is estimated over the period from 1980:1
to 1999:1.

We choose therefore to consider another model, labelled model B, whose
reduced form differs from model A’s in that it includes a term g, in the IS
equation?’. The motivation for this extension is primarily empirical. As already
said indeed, the existence of this additional lag is suggested by the fact that cur
highly significant estimate of p;, is very close to one. In the closed economy
version of the New Keynesian model, Clarida, Galf and Gertler (1999) justify
(without explicitly modelizing) the appearance of this lag in the IS equation by
the existence of some form of adjustment costs. Similarly, we specify model
B directly in reduced-form terms, as the derivation of a fully-fiedged structural
model whose reduced form would correspond to model B’s is beyond the scope
of this study. We actually view this subsection as an exploratory work paving
the way for future research.

We also introduce as many lags and leads of y* as there are of y in the
IS equation, because the IS equation comes originally from the Euler equation
which involves domestic consumption (of domestic and foreign goods), which in
turn is expressed as a function of both the domestic and the foreign production
levels. The Phillips eurve is assumed to be left unaffected by this change.
Finally, we impose three constraints prior to estimation, namely that the sum
of the y-coefficients in the IS equation, the sum of the y*-coefficients in the IS
equation and the sum of the Apg-coefficients in the Phillips curve should all be
nil*®. We therefore estimate the following equations:

47 Ag shown by table 2.8, most of the canonical New Keynesian model’s extensions con-
sidered in the literature amount to introduce additional lags and leads of the endogenous
variables in the Phillips curve and the IS equation. We could also take this literature into
eccount by considering a more general apecification for the Phillips curve and the IS equa-
tion, which would incorporate most of the conceivable extensions (including habit formation)
to Gali and Monacelli's (2002) canonical New Keynesian model of a small open economy.
Our simulation method would still be applicable in this generalized framework, because this
method rests on the existence of a Blanchard and Kahn’s (1980) form for the Phillips curve
and the IS equation, which itself rests in turn on the inversibility of a given matrix A - now
the particular cases where A proves not invertible are of measure zero, that is to say that their
probability to occur is zero. Indeed, all the parameters in the (two) equations of interest are
exogenous, unlike those in the (three) equations of interest in chapter 1 {which considers the
monetary policy rule in addition to the Phillips curve and the IS equation), so that there is
no reason why these particular cases should specially occur.

48 These three constraints are predicted by most New Keynesian models - and in particular
by model A even though the last constraint, namely the verticality of the Phillips curve,
holds only approximatively as 3 is closed but not equal to one.



PART I, CHAPTER 2: SIMULATION OF THE UK... 100

¥ = aB {1} +(1-a)yp-1+g (e —E{Apyen})
+asEe {yfy1} + 94w — (g3 + aa) yioy + €1

Apgy = 81E {Apr i} + (1 — 81) Apap—1 -+ Sayy + 83y + €5 -

The estimation procedure is exactly the same as previously, except that we
Use Ty—k, Yi—ks Th_p and gy, for k& € {1,2,3,4} (instead of k € {1,2,3}) as
instruments, because there are more parameters to be estimated. For the same
reason as previously, we carry out the estimation over two different periods,
namely from 1963:1 to 1999:1 and from 1980:1 to 1999:1. The estimation results
are displayed in table 2.6.

The first point to be noted is that whatever the estimation period and the
equation estimated, the B?, the Durbin-Watson statistic and the J-test signifi-
cance level all take satisfactory values, respectively around G,80 ~ 0,90, 2,5~ 3
and 0,80 ~ 0,90. For the period from 1963:1 to 1999:1, we note in particular
that 5, is now significantly lower than one, while §; is rather low - and also sig-
nificantly lower than one, which suggests that the constraint imposed by model
A on the coefficient of E; {y:11} {equal to unity} was actually binding. Disap-
pointingly however, only five out of nine estimates prove significant at the 10%
level. Finally, the moduli of the four eigenvalues associated with this system
are 2,61, 1,35, 1,35 and 0, 87, which implies that m = 3. As a consequence,
there are more equations than unknowns and our simulation method provides
no solution for the UK business cycle under EMU-membership.

For the period from 1980:1 to 1999:1, the estimation results prove more
satisfactory. Now indeed, only one (namely 33} out of nine firgt-order parameters
estimates proves not significant at the 10% level. Again, 7;, takes a value not
too close to one. Note besides that these IS equation and Phillips curve display
a much higher degree of forward-lookingness than their counterpart estimated
over the period from 1963:1 to 1999:1. Finally, the moduli of the four eigenvalues
associated with this system are 1,62, 0,51, 0,29 and 0,15, which implies that
m = 1. As a consequence, there are as many equations as unknowns and our
simulation method provides one single solution for the UK business cycle under
EMU-membership, if we assume (as is likely to be the case) that model A’s
predictions concerning the effect of irrevocably fixed exchange rates still hold for
model B. We can then conduct our simulation in a similar way as previously.
This simulation is now based on the following system:
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% = 0,82%E;{yy1}+ 0,18+ 331 — 0,65% (ry — Ey {Apgs11})
—0,26+ E, {y7,1} +0,33% 57 — 0,07 xy}_; +¢f°,

Appry = 0,86 % By {Appr 1} + 0,14 % Apyrp 1 + 0,20 x4, — 0,02 % 37 + €,

where £0° = 0,90 * e2°, + #f° and i* = 0,84 % £i% | + 7}*, with a variance-
covariance matrix of [7§* 7f° v}* v#* v3*] estimated by

0,09 0 -0,08 -0,06 -0,02
. 0 007 -0,01 -0,21 0,00
Q=] -0,08 -0,010 0,11 0,00 0,03

-0,06 -0,21 0,00 2,23 0,02
-0,02 -0,00 0,03 0,02 0,03

The matrix {1 is obtained in a similar way as previously, the foreign fluctua-
tions being again modelized by a VAR of order two. In particular, we choose the
lower estimates of {1(1,1) and {(2,2) for the same reason as previously. This
choice happens this time to be compatible with a positive semi-definite matrix
Q.

Figures 2.3 and 2.4 are the counterparts of figures 2.1 and 2.2. The
simulation graphs of figure 2.3 indicate that the immediate effects of shocks
7”¢ and 7** on the variables Apy, py and y are in accordance with conventional
wisdom. The main difference between figures 2.1 and 2.3 lies in the absence
of any oscillatory pattern in the latter figure, as all eigenvalues are real numbers
here. Because the moduli of these eigenvalues are lower for model B than
for model A, the speed of convergence towards PPP is also higher here than
there. Figure 2.4 shows like figure 2.2 the rather high degree of international
transmission of fluctuations. We do not further interpret this figure however, as
the foreign innovations are no structural shocks and consequently have no clear
economic meaning. Finally, the standard errors of ¥y and Apy are found to be
multiplied respectively by 1,01 and 1,81 under EMU-membership. As shown
by table 2.7, this result proves more in accordance with those of other studies
than the results obtained in subsection 2.3.5 with model A.

2.4 Conclusion

This chapter, which carries out a simulation of the UK business cycle under
EMU-membership, represents an original contribution to the literature. To our
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knowledge indeed, the closest studies are Westaway (2003), Galf and Mona-
celli (2002), Driver and Wren-Lewis (1999) as well as Driver (2000), all based
on a New Keynesian model, which all things considered prove quite different
from the present chapter, as shown by table 2.1. In particular, they calibrate
their models and have consequently to specify a more or less ad hoc variance-
covariance matrix (if any) for the exogenous domestic and foreign perturbations
in order to simulate the effect of irrevocably fixed exchange rates. By contrast,
we estimate our model so as to identify these perturbations and to get their
variance-covariance matrix in a model-consistent way. In this respect, our sim-
ulation should therefore lead to a more relevant assessment of the quantitative
impact of the regime change on the UK business cycle®.

But our main contribution to the literature in general and to these three
studies in particular may actually be that we unveil the possibility for EMU-
membership to be inherently a source of macroeconomic instability, as it may
indeed prove compatible with multiple equilibria. In other words, we adapt
Clarida, Galf and Gertler’s (2000) point to what might be called a very specific
monetary policy, namely the adoption of an irrevocably exchange rate regime.
This chapter thus brings to the fore a possible major drawback of the irrevocably
fixed exchange rate regime for a small open economy. It is certainly well-known
that the fixity of the nominal exchange rate may raise macroeconomic volatility,
as there is no national central bank any longer to react to the fundamental
shocks. But we argue that the exr anie fixity of the nominal exchange rate (as
opposed to its ex post fixity, paired with an adequate monetary policy rule) may
well raise macroeconomic instability too, since the national central bank can no
longer play its “parapet” role. This result opposes the conventional wisdom,
which advocates the choice of a “corner solution” for the exchange rate regime.

Macroeconomic instability (defined as the existence of multiple equilibria)
is not the only danger to threaten our small open economy under the monetary
union regime. Indeed, the case of the absence of any {convergent) equilibrium
may arise in our simulation. In this case, the value of the structural parameters,
or even the model itself, will probably have to change. In the case of the UK,
this would correspond to HM Treasury’s second test, which is about whether
there is sufficient flexibility to cope with economic change. Up to now, the
literature has passed in silence over the fact that the simulation of the effect
of irrevocably fixed exchange rates in a rational expectations model did not

49Qualitatively speaking however, the simulations carried out by these two studies are not
subject to this criticism. Therefore, the fact that our simulation graphs (based on model

A) closely resemble Westaway’s (2003) qualitatively speaking lends additional support to our
resulis,
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necessarily point to a unique solution, i.e. could well lead to either several
solutions or no solution. In Galf and Monacelli’s (2002) canonical model, the
monetary union equilibrium happens to exist and to be unique, but in a more
general framework accounting for natural extensions to this canonical model,
the monetary union equilibrium might well either not exist or not be unique.

We find however that the UK would escape both these Scylla and Charyhdis,
as our simulation points to a unique solution for the UK business cycle under
EMU-membership®®. But macroeconomic volatility might still prove high for
the euroized UK, as our simulation results suggest that the pressure exerted by
the sole remaining force to react to idiosyncratic fluctuations, namely long-run
PPP, could be weak. Indeed, these simulation results indicate that the standard
error of the UK inflation rate and detrended output level should either remain
the same, or increase twofold under EMU-membership. If the desirability of
EMU for the UK is to be judged on the variances of the inflation rate and the
detrended output level, then the UK seems therefore better off outside EMU.

This possibly dramatic result should however be tempered down for two
reasons. First, it rests on our assumption that the foreign exchange market is
no additional source of exogenous pertubations. Indeed, should an exogenous
risk-premium shock actually exist when the exchange rate is not irrevocably
fixed, it would be a component of what we would ther wrongly identify as a pure
IS shock, so that we would overestimate the variance of the true IS shock and
hence most probably the UK macroeconomic volatility under EMU-membership
as well.

Second, this result rests on the predictions of two models which are not fully
satisfying. As a structural model, model A is less subject to the Lucas critique
than non-structural models, but fits the data not so well. Model B fits the .
data better, actually even better than model A in reduced-form terms, but as
a non-structural model is more subject to the Lucas critique than model A.
As shown in table 2.7, model B’ simulation results (which indicate that the
standard error of the UK detrended output level should roughly be unaffected
by EMU-membership, while the standard error of the UK inflation rate should
increase nearly twofold) prove more in accordance with those of other studies
than model A’s. One natural extension to our work would be therefore to
ground model B on as sound as possible microeconomic foundations. We
choose to leave this extension for future research.

500nly when model B is estimated over the period from 1963:1 to 1599:1 do we reach a
different conclusion. In that case indeed, we find that no monetary union equilibrium exists.
This result can be legitimately questioned however, as it rests on the predictions of a non-
structural model which fits the data not so well,
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Our work could be extended in other directions as well. First, sticking to our
current theoretical framework, we could use montly instead of quarterly, pan-
European instead of German data. We could also apply cur simulation method
to Denmark, Ireland and Sweden. Second, our simple model can naturally be
extended (so as to fit the data better) along the lines of the studies inventoried in
tables 2.8 and 2.9 - and we did say how highly the habit persistence extension
in particular should be praised in this respect®. What is essential here, if we
are to follow the steps of these studies and adapt our theoretical framework
accordingly, is to base these extensions on microeconomic foundations, mainly .
in order to circumvent the Lucas critique, but also in order to be able to address
the issue of stractural policies: what would be the effect of a change in the value
of this or that structural parameter? In particular, how would the UK business
cycle under EMU-membership depend on such structural parameters as the
degree of price-setting rigidity?

Applied to already euroized countries, our contribution would make a point
in today’s lively debate about whether the ECB one-size-fits-all monetary pol-
icy, acting as a centrifugal force, tends to exacerbate the heterogeneousness or
even the divergence of the national business cycles within the Eurozone, for
instance currently pushing Germany into deflation while fuelling a housing bub-
ble in Spain. Indeed, our framework would then enable us to determine a lower
threshold for the ECB inflation target such that deflation®? would be ruled out
with a reasonable probability for all member countries. No doubt that the an-
swer would depend on the estimated strength of the centripetal force, i.e. on
the estimated speed of adjustment towards PPP.

51We could also adapt the model so as to account for (endogenous) investment dynamics, as
does Woodford (2003) within the closed economy framework. In Rotemberg and Woodford’s
{1998, p. 41) own terms, “in this paper we have worked with a minimal model, both to show
how this method can be applied and to show that even very simple optimizing models can fit
the data rather well. Even so, it wonld be desirable to have a model that deals explicitly with
investment and the resulting capital accumulation as well as with labor market variables.”

52The issue of deflation has been recently addressed within the framework of the canonical
New Keynesian model by Eggertsson and Woodford (2003), though in the context of a closed
economy.
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Part 11

A New Open Economy
Macroeconomics
perspective on two open
economies
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Chapter 3

Coordination, cooperation,
contagion and currency
crises

Abstract

Chapter 3, entitled “Coordination, cooperation, contagion and currency crises”,
presents a micro-founded model where governments have an incentive to devalue
to increase the national market share in a monopolistically competitive sector.
Currency crises generated by self-fulfilling expectations are possible because
workers demand high wages when they expect a devaluation. This decreases
the competitiveness and profits of national firms and induces the government to
devalue. We show that the more important trade competition, the more likely
self-fulfilling speculative crises are and the larger the set of multiple equilibria.
Coordination decreases the possibility of simultaneous self-fulfilling speculative
crises in the region and reduces the set of multiple equilibria. However, regional
coordination, even though welfare improving, makes countries more dependent
on other countries’ fundamentals so that it may induce more contagion.

Abstract in French

Le chapitre 8, intitulé “Coordination, coopération, contagion et crises de
change”, présente un modéle micro-fondé dens lequel les gouvernements sont
incités & dévaluer pour ougmenter la part de marché de leur pays dans un
secteur & concurrence monopolistiqgue. Les crises de change dues & des an-
ticipations auto-réalisatrices soni possibles du fait que les travailleurs exi-
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gent un salaire élevé lorsqu’ils anticipent une dévaluation. Ceci diminue la
compétitivité et le profit des entreprises nationales, incilant le gouvernement a
dévaluer. Nous montrons que plus la concurrence commerciale est importanie,
plus les crises spéculatives auto-réalisatrices sont probables et plus 'ensemble
des équilibres multiples est étendu. La eoordination réduit la possibilité de crises
spéculatives auto-réalisatrices simultanées dans la région et restreint 'ensemble
des équilibres multiples. Elle permet d’augmenter le bien-étre social, mais elle
aceroft aussi la dépendance de chaque pays vis-G-vis des fondamentauz des autres
pays el renforce ainsi les risques de contagion. L’effet de la coopération (lorsque
la mise en place d'un dispositif de commitment permet de la rendre crédible vis-
d-vis des agents privés) est qualitativement semblable 4 celui de la coordination,
mais guantitetivement plus importent encore.

3.1 Introduction

Recent currency crises, such as the 1992-1993 EMS crisis, the crash of the Mex-
ican Peso in 1994 and its Tequila effect on other countries as well as the Asian
crisis, have involved several countries in the same geographical region. Most
recently, the Asian crisis broke out in Thailand in May 1997, but spread rapidly
to Malaysia, the Philippines, Indonesia and South Korea. In the European
case, contagion was also important as the crisis hit five countries (Finland, the
UK, Italy, Sweden and Norway) in its first year. By 1993 all countries except
Netherlands had to widen the band of fluctuation with the DM, The attack on
the Peso was itself followed by attacks on several Latin American countries.
Despite the fact that currency crises typically involve several countries that
fix their currencies either to the dollar or to the DM, existing models of currency
crisis look at the problem in a two-country framework where the actions of the
country that pegs its currency are key!. This is the case of models of the
“first generation” type & la Krugman (1979), where the crisis comes with a run
on the Central Bank’s reserves, because speculators understand that monetary
authorities conduct a policy inconsistent with the fixed parity. This is also
the case with “second generation™ models ¢ la Obstfeld (1997), which consider
devaluation as an intentional decision of a government that weighs advantages
and disadvantages: the cost of opting out of the fixed exchange rate system is
primarily considered as a political cost; as for the cost of staying in, it can be

! Exceptions are Gerlach and Smets (1994), Masson (1998) and Buiter, Corsetti and Pesenti
(1995, 1998).
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modeled as high interest rates® or as unemployment®.

As argued by Glick and Rose (1998), “from the perspective of most specu-
lative attack models, it is hard to understand why currency crises tend to be
regional”. They argue that trade linkages should be first among the suspects for
explaining regional contagion of currency crises, and give strong empirical sup-
port to this channel using five different crises. Eichengreen, Rose and Wyplosz
(1996), in an empirical study using thirty years of panel data from twenty in-
dustrialized countries, also conclude in favor of a stronger explanatory power of
international trade linkages than of macroeconomic similarities. Even though
not modeled explicitly by these authors, the role of trade linkages is that in the

presence of price rigidities a devaluation brings a short term competitive ad-

vantage to the country that devalues and therefore increases the cost for trade
partners not to devalue.

The existence of these spillovers raises the issue of international cooperation:
if governments take into account the negative externalities of devaluation on
other countries, it might be easier to stop the snowball, perhaps even before it
starts. Actually, some steps had been taken before the outbreak of the Asian
crisis towards increased monetary cooperation between East Asian countries®.
As prophesied by Bayoumi and Eichengreen (1996), these unassuming measures
however proved “insufficient to repel an all-out attack on an Asian currency
comparable to the Mexican or ERM crises”.

In this chapter we analyze the role of trade linkages in currency crises. To
do this, we preseni a three-country model that builds on three separate lit-
eratures: 1) the literature on international monetary cooperation, especially
Canzoneri and Henderson’s {1991) theoretical approach, 2) the literature on
currency crises, or more precisely on the “escape clause” approach of fixed ex-
change rate systems, 3} the micro-founded New Open Economy Macroeconomics
framework initiated by Obstfeld and Rogoff (1995) and reviewed by Lane (1998).

Our model corresponds to a three-player, sequential game. The players
involved are private agents and the two governments that unilaterally peg their
currency to a third one. The two governments have an incentive to devalue

23e¢ for example Obstfeld [1994) or Ozkan and Sutherland {1994).

3See for example Bensaid and Jeanne (1994) or Drazen and Masson (1994). For empirical
evidence on the role of self-fulfilling speculation in currency crises, see Jeanne (1997).

4We sre referring to: i) November 1995 repurchase agreements between the Hong Kong
Monetary Authority and the central banks of Australia, Malaysia, Indonesia and Thailand,
which enabled these central banks to intervene more heavily at short notice by allowing them
to borrow dollars from one ancther; ii} February 1996 support of the dollar/yen rate by Hong
Kong and Singapore; iit) March 1996 decision of the Bank of Japan, after that of Singapore
and the Philippines’ central banks, to sign the repurchase agreements. Besides, Frager (1995)
may be read as a suggestion o go further, up to a common peg.
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because countries compete on a monopolistically competitive good that they
both export. Currency crises that are generated by self-fulfilling expectations
are possible because private agents rationally demand high wages when they
expect a devaluation. This decreases the competitiveness of national firms and
induces the government to devalue. To our knowledge, this framework is the
first attempt to introduce micro-foundations in models of devaluations with
self-fulfilling expectations.

We show that even when in equilibrium devaluations do not give any short
term competitive advantage, strong trade competition increases the likelihood
of currency crises that are induced by self-fulfilling expectations and magnify
regional instability by increasing the number of possible multiple equilibria. We
also show that countries that export goods in monopolistic sectors are more
prone to devaluation induced by self-fulfilling expectations than countries spe-
cialized in competitive sectors.

We analyze the role of international coordination and cooperation in this
context, Coordination is defined as in Canzoneri and Henderson (1991): gov-
ernments coordinate on the best Nash equilibrium so that it does not require
any commitment technology. Policymakers do not give up sovereignty in this
case and all that is required is that they meet and coordinate on a good non-
cooperative solution, for example in a regional forum. Because multiple equi-
libria due to self-fulfilling expectations are a natural outcome in this type of
setup, the question of the feasibility of coordination cn a specific equilibrium is
a natural and important one. Cooperation is more demanding as it implies that
governments maximize a joint welfare function. It therefore requires a commit-
ment technology in the form of a supra-national institution that enforces the
agreement. Both coordination and cooperation decrease but do not eliminate
the possibility of simultaneous self-fulfilling speculative crises and reduce insta-
bility by limiting the set of multiple equilibria. However, regional coordination,
even though welfare improving, makes countries more dependent on other coun-
tries’ fundamentals so that it may induce more contagion: if one country is more
likely to devalue because of a worsening of its fundamentals, this increases the
possibility of a currency crisis in both countries because it reduces the credibility
of coordination between the two countries.

This chapter is related to Buiter, Corsetti and Pesenti (1995, 1998) who
analyze the beneficial role of cooperation in the context of exchange rate crises
in Europe. It differs in several dimensions. First, our model is based on micro-
foundations. Second, expectations of the private sector play no role in their
analysis of international cooperation so that the currency crisis they obtain are
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not due to self-fulfilling expectations and multiple equilibria do not arise. Fi-
nally, because they do not allow for the possibility of multiple equilibria induced
by self-fulfilling expectations, they do not analyze coordination but only look at
the more demanding form of cooperation where governments minimize a joint
loss function.

Another related paper is Corsetti, Pesenti, Roubini and Tille (2000), who
present a micro-based model of competitive devaluations. Our model is different
in that it analyzes the strategic interactions that lead to possible currency crises,
whereas their paper studies the different welfare consequences of a devaluation.
In contrast to their model, self-fulfilling expectations of private agents play a
crucial role in our analysis. Finally, because we assume the two countries only’
trade with the country to which they fix their exchange rate, we restrict ourselves
to the case when the spillovers of a devaluation are negative. This is in contrast
to the two papers cited above as well as to Obstfeld and Rogoff (1995) who show
that in presence of trade, the spillovers from a devaluation can be positive vie
the terms of trade effects.

We present a simple micro-founded model of competitive devaluations in
section 3.2. We then solve this model and analyze the different possible equilibria
in section 3.3.

3.2 The basic framework

The model corresponds to a three-country world: country A, country B and
country Z. Country Z represents a large country to which countries A and B
have pegged their currencies. To fix ideas, we will call the currency of country
Z the dollar. We will assume that country Z is large compared to A and B, is
not affected by their policy and therefore does not act strategically. Country Z
plays two roles in our model: 1) it issues the numeraire currency, 2) it enables
us to differentiate competition between countries that fix their exchange rate to
a third one (A and B) and competition between a fixing country (4 or B) and
the country to which it pegs its currency (Z).

As in Obstfeld and Rogoff (1995, 1996), we introduce a monopolistically
competitive sector. Countries A and B are both fully specialized in different
varieties of this sector. In contrast to Obtfeld and Rogoff, these varieties are
only exported to country Z. There are ny, ng, and ng firms (respectively
in countries A, B and Z) which each produce a different variety. Because of
the small country assumption for A and B, the world aggregate demand for a
composite intermediate good made of the different varieties is assumed to be
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exogenous and given by

= j= j= T
=na 1 r =ng 1....% j=nz l—al 1-%
Y= [Z::'=1 Ya, +E;=1 Yp," t 2.,y Yz ] , (3.2.1)

where y4, represents the production of firm j in country A and ¢ > 11is
the elasticity of substitution between the different varieties. We note N =
n4 + np +ng. As the world demand for the composite good increases, world
trade increases for a given number of firms in the world. Hence, we focus on an
environment where countries A and B compete on the same third markets. This
is consistent with the measure of trade linkage used by Glick and Rose (1998)
who focus on competition on third markets rather than on direct bilateral trade.
Eichengreen, Rose and Wyplosz (1996) also note that “Finland’s devaluation
in August 1992 was widely regarded as having had negative repercussions for
Sweden, not so much because of direct trade between the two countries but
because their exporters competed on the same third markets”.

In countries A and B, agents (whose numbers are respectively n4 and ng)
share the same preferences: they derive utility from consumption of good z
imported from country Z° and disutility from effort in labor measured by I.
The utility function of a representative agent is linear and given by

Ui=zi—~ (li + 6{0;) (32.2)

for i € {A, B}, where v measures the relative disutility from effort. We have
also added a fixed cost C; for ¢ € {A, B}, in the case the government devalues:
& = 0 if the government decides not to devalue and 1 if the government devalues.
We interpret this cost as arising from the disruption of the economic activity
in case of devaluation. In models of speculative attacks like those of Obstfeld
(1996) and Jeanne (1997), this cost i borne by the government that looses
credibility in the case of a devaluation. In our framework, we choose to model
only a specific disruption cost®: the devaluation, because it implies to change
prices of imported goods in local currency, requires from the agents to spend a
fixed effort in changing menus and enters the utility accordingly.

The budget constraint of a representative agent in country i € {A, B} is
given by the following equation:

50ur small country assumption on A and B implies that we disregard any impact of the
demand of these countries for x on its price. This greatly facilitates the analysis.

8We do not need this fixed cost to get devaluations induced by self-fulfilling expectations
and multiple equilibria. However, due to perfect foresight, this cost is necessary for the
equilibrium without devaluation to be preferred to the equilibrium with devaluation.
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wil; + & = e;x;. (3.2.3)

This budget constraint is given in terms of the local currency. A represen-
tative agent derives income from labor paid at wage w4 in country A and from
a government transfer £4 which will be detailed later. The imported good x is
paid at the nominal exchange rate 4 between country 4 and Z. We normalize
and fix the price of good x in Z to one and we assume zero inflation in that
country during the period. For a consumer in A, the cost of the imported good
in local currency will therefore be either e4 = 1 if the fixed exchange rate is
maintained or e4 = d if the government in A decides to devalue at the exogenous
rate d7.

The timing of decisions by the different players is displayed in figure 3.1.
First, wages paid in local currency are set. They can not be changed afterwards.
This is the source of rigidity in the model which, together with the assumption
that wages can not be paid in dollars, explains why devaluations may be op-
timally chosen. Second, each government decides whether to devalue or not.
Third, monopolistic firms set their prices to maximize profits. Demands for ex-
ported goods are then realized, as well as demands for imported goods. Finally,
production and consumption take place.

There are two sources of inefficiency in this set-up. First, the good market
is monopolistic so that production will be too low. Second, in an application of
double marginalization, the labor market is also monopolistic because there is
& single union per firm. This will push the wage rate too high.

The price elasticity for a single producer of the export good is -0, so that we
get the usual price rule {expressed in local currency) for a monopolistic producer
who maximizes profits: p = %ﬁ% where 3 is the labor requirement (common to
all three countries) in the export sector.

We assume that there is a single union per firm. The monopolistic union in
each firm knows the price rule above and the labor demand function when it
decides on the wage. It therefore takes into account that the wage elasticity of
production and labor is —o. Its objeciive is to maximize the expected uiility of
the representative worker in the union subject to the budget constraint. This
means that the union has to form expectations on-the exchange rate policy.
Each union is small (there are as many unions as firms) so that it does not
internalize the fact that it influences the exchange rate policy nor the transfer

7In Loisel and Martin (2001a), we analyze the case of an endogenous devaluation rate in
a simpler model.
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(see below) when it chooses nominal wages. Appendix 5.1 shows that the wage
rate is the mark-up over the marginal disutility from effort in labor:

w; = ;_‘:-I'yef (3.24)

for i € {A, B}, where is the expected exchange rate between country i and
country Z. We want the real wage in all situations, even out of equilibrium, to be
higher than the marginal disutility of work. This imposes a parameter restriction
such that the elasticity of substitution is small enough: - > d®. In country
Z, the wage rate is determined in the same manner but because we fix the price
of z in that country to 1, the wage rate is simply JX%. Depending on whether
a devaluation is expected or not in the countries that fix their exchange rate to
the dollar, the nominal wages will be high or low. Hence, the expectation on the
exchange rate will influence the marginal cost of monopolistic firms and thgrefore
their price decision: p; = By (ﬁ)z ef in local currency and By (a—f—l) %{- in
dollars for € {4, B}. An unexpected devaluation therefore decreases this price.
Using the monopolistic price rule, equation (3.2.4), and the fact that all firms
in a specific country are symmetric and face the same exchange rate, we get
that the demand and the production levels of representative monopolistic firms
in each country that pegs its currency to the dollar are (see appendix 5.2 for a
more detailed derivation}:

€% ep o—1 et 0-11T%
v €acee €1 ,
[nA +ng (BA 9‘3) +nz (EA) ]

_ et e o—=1 et a-1175
UB Y [ﬂB +na (;ﬁ-i) +nz (—B) ] . (3.2.5)

va

g €% ep

Under our perfect foresight assumption (ef = e; for i € {A, B}), we can see
already that fully expected devaluations will have no real impaet as in this case,
the devaluation is exactly compensated by a higher wage and higher marginal
cost. However, suppose that private agents in country A and B expect no
devaluation (e = e} = 1), so that nominal wages are low, then a surprise
devaluation (eq = d > 1) will increase production of monopolistic firms in 4
and lower production in monopolistic firms in B. Hence, from that point of
view, a surprise devaluation is a “beggar-thy-neighbor” policy in this model.
These equations illustrate the spillovers at play in the model. The dependence
of production in A on the exchange rate policy of B can increase in two ways:

8This inequality corresponds to £ > v in the case where ef =1 and &; = d.
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first, if world trade ¥ expands and second if np, the number of firms in B
competing on third markets, increases.

Note also, that when the private sector in country A expects a devaluation
(¢5 = d > 1), then a policy of no devaluation (e4 = 1} is costly as national
production decreases. This explains why self-fulfilling expectations will occur
in this setup.

The monopolistic profits of firms are taxed and fully redistributed to the
private agents in the form of a lump-sum transfer. Given that the number of
firms and the number of agents are identical, the transfer to the representative
agent is the profit of the representative firm:

24
t,‘, = ﬂvﬂ?y’m (3.2.6)

for i € {A, B}, with y; given by equation (3.2.5). It is easy to check that
profits of firms and therefore the per-capita transfer decrease with exchange rate
expectations and increase with the exchange rate of the country. Because each
small union does not internalize the impact of its wage decision on the aggregate
transfer, nominal wages will be too high.

Taking into account this transfer in the consumer budget constraint, the
equilibrium utility of a representative agent is given by:

Uf=ﬁv[£( g )2— ]y,-—anc.- (3.2.7)

e \o—1

for i € {A, B}, where y; is given by equation (3.2.5) and the term in bracket
is always positive due to the parameter restriction: %7 > d. On top of the
standard devaluation cost Cj, this equation shows that an unexpected devalua-
tion has two welfare consequences. On the one hand it reduces the purchasing
power of consumers by increasing the price of imported goods: the term %:l in
the bracket takes the value 3 in the case of an unexpected devaluation. On
the other hand, as shown in equations (3.2.5) and (3.2.8), it increases domestic
production, profits and income. The problem of each government will be to
set the exchange rate to 1 (no devaluation) or d (devaluation), taking exchange
rate expectations and the exchange rate policy of the other country as given, in
order to maximize the utility of the representative consumer.

The absence of a non-traded local good implies that the consumption price
index is the exchange rate and this simplifies greatly the analysis. If such a good
were introduced, the wage rate would depend on the expected price index that
would comprise both local and imported goods. Hence, an expected devaluation
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would lead to an increase in nominal wages of lower magnitude. From that
point of view, self-fulfilling expectations would be less important in generating
currency crises. On the other hand, because the purchasing power cost of a
devaluation is lower in the presence of local goods, this should lead to a stronger
incentive to devalue.

3.3 Rationally expected Nash equilibria

Because we assume that country Z does not play strategically vés-d-vis coun-
tries A and B, the relevant players are the following: unions, the government
of country A and the government of country B. There are two games: the first
one takes place between the private sector on the one hand and the govern-
ments on the other hand, and the second one between the two governments.
Because unions, when they form expectations on a devaluation, base them on
the expected result of the game between the governments, we solve the game
by backward induction. We will first analyze the equilibrium of the game be-
tween the governments before looking at the private sector’s expectations. The
equilibrium in this game depends on the institutional setting that governs the
relations between the governments of A and B, which we assume is known by
the private sector when it sets its expectations.

In the “no coordination” case, governments play Nash. A Nash equilibrium
is such that no government has a unilateral incentive to deviate. If several
equilibria are possible in the policy game, governments choose the one expected
by private agents.

In the “coordination” case, governments coordinate on the Nash equilibrium
that Pareto-dominates all Nash equilibria. We adopt here the terminology of
Canzeroni and Henderson (1991, p. 4): coordination refers to the way poli-
cymakers settle on one solution out of several in a non-cooperative game. It
corresponds to a relatively weak requirement: when the governments coordi-
nate with each other, they do not need to trust each other, they just need to
consult with each other to simultaneously move to a specific Nash equilibrium.
Once they coordinate on an cutcome, none of them has any incentive neither
to deviate unilaterally from it nor to deviate in a coordinated manner from it.
This stability makes coordination credible to private agents.

In the “cooperation” case, the governments choose the outcome that max-
imizes the sum of the utility levels of representative consumers. Cooperation
imposes solidarity between both governments. Since it may lead to outcomes
which prove not unilaterally stable, because they are not Nash equilibria, coop-
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eration may not appear credible to private agents. We will therefore consider
cooperative equilibria as benchmark equilibria. We will need to assume their
credibility, through a commitment technology that may involve some institu-
tional structure for instance.

We assume that unions know the nature of the game governments play: no
coordination, coordination or coocperation. We assume moreover that unions and
governments have full information on all parameter values. Since no uncertainty
exists, rational expectations equilibria correspond to perfect foresight equilibria.

3.3.1 No coordination

Suppose that private agents expect none of the governments to devalue: €§ =
€% = 1. Governments then play this specific game. If parameters are such that
neither A nor B has an incentive to deviate, then e = e =es=ep=1isa
rationally expected Nash equilibrium. This will be the case when

Ua(et, =eg =ea=ep=1)2Us(e5, =e5 =ep=1, €4 =d)
Up(efy =€, =ea=eg=1)2Up(ef, =g =€ea=1, eg=d) ~
Rational private agents may indeed expect e = e = 1 when these two
inequalities are satisfied: they correspond to C'a > 5}4 and Cp > 5};. These
threshold values for the costs of devaluation are given in appendix 5.3. In figure
3.2, the equilibria have been illustrated in relation to the value of parameters.
Now, suppose that private agents expect both governments to devalue: e =
e = d. The governments, in the policy stage, then play a different game. If
parameters are such that:

Us(eh =ep=ea=ep=d) 2 Us(ef=¢chg=en=d, ea=1)
Up(eh=epg=cea=ep=d)2Up(ej =€ =es=d, ep=1}) '

then e4 = eg = d is a rationally expected Nash equilibrium. Accordingly, in
figure 3.2, this equilibrium exists for parameters such that 'y < 5i and Cp <
6?;3. Hence, the possibility of multiple equilibria arises in the middle rectangle
of figure 3.2. The existence of asymmetric equilibria, (e4,e5) = (1,d) and
(ea.es) = (d,1), is checked through a similar strategy.

We can show analytically that Ty > Cy and Cy > Cx when Ty > 0,
513 > 0 and d is sufficiently small (see appendix 5.4). Numerical simulations
did not lead to any example where this would not be the case for high values of
d, as long as ?5,14 and C_IB are positive.
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The area of maximum instability is given in the middle square where all
equilibria are possible due to self-fulfilling expectations. The intuition for the
possibility of self-fulfilling expectations and devaluation when governments do
not coordinate should be clear by now. If agents in country A expect a deval-
uation, then they ask for high nominal wages. In this case, if the government
does not devalue, monopolistic firms of the country loose competitiveness and
income decreases. If the fixed cost of devaluation is not too high (below the
threshold T for ¢ € {A, B}), then devaluation is an equilibrium. When the
cost of devaluation is very low in both countries (below the threshold 6: for
i € {A, B}), then the only equilibrium is that both countries devalue simulta-
neously, This is because in this case, the temptation to engage in competitivé
devaluation (even if private agents did not expect such a devaluation) is very
high. This equilibrium would be eliminated if the labor market was perfectly
competitive.

We can analyse the effect of the competitive structure of the industry by
looking at the impact of an increase in the world number of firms N in the
industry on the threshold values in figure 3.2. To simplify the exercise we
look at the effect of an increase of N on the threshold values in the case where
fa=ng =nz = % so as to keep the relative level of competition between

countries symmetric. It is easy to check then that %%;- < 0 and %%: < 0.
Hence, countries specialized in more competitive industries (higher N implies
more competition and less profits), are less subject to speculative devaluations.
It is also easy to check that the area of maximum instability (all four possible
equilibria) decreases with N, our measure of the degree of competition in the
industry. The reason for these results is that as NV rises, the potential profit gain
of an unexpected devaluation decreases. This is recognized by private agents
who adjust their expectations accordingly. In the same vein, when the elasticity
of subsatitution tends to infinity, the goods market becomes perfectly competi-
tive, and 5? for i € {A, B} tends to zero so that governments never devalue.
This fits quite well with the observation that the attacks have been mostly con-
centrated on new industrialized countries. Non industrialized countries such as
African countries of the CFA zone that export mostly raw producis have had
little experience with attacks on their fixed exchange rate. Other important
reasons exist however: for example, countries exporting mostly raw materials
also typically have less open capital markets.

Note that trade spillovers have an important impact on the possibility of
devaluations and of self-fulfilling expectations. An increase in the world demand
and trade of the composite good ¥ increases both threshold values for both
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countries. This implies that the set of parameters for which both countries
devalue simultaneously expands, and that the set of parameters for which no
country devalues narrows. Note also that as ¥ increases, the difference between
C? and T} for i € {A,B} increases so that the middle square of maximum
instability with self-fulfilling expectations expands. Even though in equilibrium
devaluations have no real impact because they are fully expected given our
perfect foresight assumption, their potential impact out of equilibrium explains
the increased incentive to devalue (and therefore the increased possibility of
self-fulfilling expected devaluations) when trade increases. With more trade,
the potential gain of an unexpected unilateral devaluation is higher as utility
increases with profits that themselves increase with production and exports®.
Because this potential gain is fully expected by private agents, trade magnifies
the possibility of devaluations induced by self-fulfilling expectations.

Evaluated at ng =ng =nz = —13! and holding N and nz constant, we can
also show that gglg- >0 and % > 0, with symmetric results for the threshold
levels in country B. A higher number of competitors in B increases the incentive
of country A to devalue and expands the set of multiple equilibria with all four
equilibria. The intuition is that a higher number of competitors in B increases
the importance of trade spillovers for 4.

One can also check that when np and nz are sufficiently small compared to
T4, ffi becomes negative so that A does not devalue whatever B does. In this
case, trade spillovers are small in the sense that country A does not compete
much with country B on third markets. This also says that large countries are
less prone to currency crises than small ones.

3.3.2 Coordination

Because devaluations in equilibrium have no real effect on output as they are
fully expected and because of the fixed cost of devaluation, the equilibrium
where no government devalues always Pareto-dominates the equilibrium where
one or both governments devalue. Hence, in the case of multiple equilibria,
coordination on the Nash equilibrium with no devaluation can improve welfare.
We want here to determine under which circumstances such a coordination is
feasible. '

Suppose that private agents expect both governments to devalue: e =e$ =

?In addition to this effect, a higher level of world trade induces an increase in national
income. Cur assumption of linear utility in consumption implies that this increase in income
does not diminish the incentive to devalue because the marginal benefit of a devaluation is
the same in good and bad times.
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d. If parameters are such that C4 < —Cﬁ and Cpg < “5; then the equilibrium
where both governments devalue is a Nash equilibrium. However, if

{ Us(ey =ep=d, ea=ep=1)2Us(e§ =g =d, eg=1, ea =d)
H

Ug(ef =e3=4d, ea=ep=1)2Upg(ey =5 =d, ea=1, eg=d)

then even if agents expected both countries to devalue, governments could,
for this set of parameters, coordinate on the Nash equilibrium where they jointly
decide not to devalue. In this case, governments will choose to coordinate on
this equilibrium because it can be checked that it Pareto dominates the one
with simultaneous devaluation. None of the governments has any incentive to
do so unilaterally though and this is the reason why coordination is required.
The coordinated equilibrinm with no devaluation is credible in the sense that
no country has any incentive to devalue, neither unilaterally nor jointly.

The two above inequalities correspond to Cy 2> 5;0"'1 and Cp = Bo Wd,
with f?fm‘d and 36300"'1 defined in appendix 5.3. Therefore, when ﬁma <
Ca <0 and @mrd < O < T30, the governments coordinate on changing
their strategies and thus play eq = eg = 1 rather than e4 = eg = d. Agenis
accordingly change their expectations. Situations in which agents do not expect
simultanecus devaluations lead to results similar to the no coordination case.
All possible equilibria are illustrated on figure 3.3},

As shown in figure 3.3, coordination reduces but does not eliminate the set
of parameters where self-fulfilling expectations of devaluations in both countries
are equilibria. However, it does not reduce the set of parameters for which a
devaluation in one country only is an equilibrium so that its impact is only in
situations when private agents expect both countries to devalue. Trade com-
petition between the two countries explains the possible difference between co-
ordination and no coordination. If for example country A does not compete
with country B (ng = 0), then it is easy to check that 62,1 = ﬁmd, so that
coordination with B is useless.

Note that coordination, whose role is to eliminate the worse possible equi-
librium, is feasible and useful especially when countries are sufficiently similar
and when the devaluation cost in both countries is sufficiently high relative to
the potential devaluation gain. Otherwise, the equilibrium where no country
devalues cannot be a Nash equilibrium when agents expect both countries to

10We focus on the case where these inequalities are fulfilled. The conditions are given in
appendix 5.4.

1Under the same conditions as in figure 3.2, we have 053" > U7y and similarly for
country B.
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devalue as one country at least will have an incentive to deviate and devalue. In
this case, coordination on the no devaluation equilibrium is not sustainable. In
other words, an announcement by both governments that they will not devalue
when nominal wages are high is no longer credible.

This also illustrates a channel of contagion of currency crises different of
those usually identified. In figure 3.3, it can be checked that if Ca becomes
less than Uimrd (either because C 4 decreases or because inrd increases), then
the possibility of a self-fulfilling currency crisis increases not only in country A
but also in country B: when mm increases, the area of equilibria (11-1d-d1) is
reduced at the expense of the area of equilibria (dd-11-1d-d1). This change in the
economic situation of country A makes coordination between the two countries
more difficult to sustain and an announcement that governments coordinate
on the no-devaluation equilibrium will not be credible in this sense. If private
agents now expect both countries to devalue, the coordinated equilibrium where
both countries decide not to devalue is no longer a Nash equilibrium. Country A
will be induced to deviate and devalue. This itself induces country B to devalue.
This channel of contagion is different from the classic one. Here, confagion of
the currency crisis comes from the fact that regional coordination becomes less
credible in the eyes of private agents when fundamentals in one country are such
that this country is more likely to suffer a currency crisis.

It illustrates the ambiguous effect that coordination has on the issue of re-
gional contagion. Compared to no coordination, it reduces the possibility of
simultanecus speculative crises in a region with important trade spillovers and
in this sense is weifare improving. However, because the credibility of coordi-
nation itself is dependent on parameters of both countries, it introduces a new
channel of contagion.

3.3.3 Cooperation

Cooperation between two countries of different size is difficult to analyze so
we choose to restrict our attention to the case where the two countries are
identical: ng4 = np and C4 = Cp'%. Like Buiter, Corsetti and Pesenti (1995,
1998), we assume a national horizontal equity constraint, according to which no
international agreement is enforceable unless countries that are identical ex ante
end up having an identical level of welfare ex post. This excludes the possibility
of a cooperative equilibrium where one country devalues and the other does not.
Cooperation then implies that governments choose jointly the same exchange

121,0isel and Martin (2001a) fully analyze the case of cooperation. The conclusions are not
very different from those presented there.
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rate policy that maximizes the utility of a common representative consumer.
In effect, cooperation is identical to the case where the two countries form a

monetary union.
Suppose that private agents expect the governments to cooperate on the

no-devaluation equilibrium: €% = €% = 1. If parameters are such that

Us(ef=e¢s=esa=eg=1) = Up(ef=ep=es=ep=1)
> Uu(e=eg=1e4=ep=d)
= Up(ey =€ =1, ea =ep =d),
then €5 = ej = e4 = ep = 1 is a rationally expected cooperative equi-

librium. Suppose on the comirary that private agents expect governments to
cooperate on the devaluation equilibrium. If parameters are such that

Up(eh =eg =es =ep=d)
> Usley =€ =d, e4 =eg=1)

Ua(ey =e5 =€e4 =ep=4d)

Us(eh —eh=d, ea=ep=1),

then €5 = e = e4 = ep = d is a rationally expected cooperative equi-
librium. The first inequality corresponds to Cy = Cp > Z‘;”p. The second
inequality corresponds to Cy = Cp < 6;001’. The values of E‘lmp and ﬁ;o” are
given in appendix 5.3.

Figure 3.4 shows that even though & devaluation has no real impact in equi-
librium, cooperation between A and B is not enough to eliminate the possibility
of self-fulfilling currency crises. The reason is that, even though governments
can commit to each other they still can not commit to private agents. Qut of
equilibrium, they can cooperate and surprise private agents through a deval-
uation and gain competitiveness relative to country Z firms. The equilibrium
with devaluation is fully eliminated only when nz = 0. In this case, ﬁ;‘w is
negative because governments in A and B have no incentive to devalue.

It can be checked that for ny = ng, 614 = 613 > T 7 and Ei =
_523 > Cp 7. This implies that cooperation narrows the set of parame-
ters for which both countries devalue and expands the set of parameters for
which both countries decide not to devalue. Because ngp is lower than
T = T = T (with n4 = np), cooperation reduces the set of pa-
rameters for which both countries may devalue and improves welfare relative to
the coordination equilibrium. It is easy to see that when trade spillovers are
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eliminated for A (ng tends to zero), then Cy @ = 5; andCyF =T = ‘c‘:";”"“
30 that cooperation between A and B is useless.

Contrary to coordination, cooperation requires a strong commitment tech-
nology to be sustainable so that we view it mainly as a benchmark case. How-
ever, if we interpret the European integration process and the political institu-
tion building that goes with it as such a commitment device, we can analyze the
impact of European monetary cooperation on contagion in this specific context.

3.4 Conclusion

In this chapter, we have asked two sets of questions. First, how do regional
trade structures influence the fragility of a fixed exchange rate regime and the
probability that it collapses simultaneously in the region? The answer to this
question is that the more trade competition between countries in a monopolistic
sector, the more fragile fixed exchange rate regimes are. We have shown that
this is the case even in a model where there is no real gain to a devaluation
in equilibrium because the devaluation is perfectly expected by agents. The
result is likely to be even stronger if we allow for the possibility of unexpected
shocks that would lead to unexpected devaluations. Second, do coordination
and cooperation reduce instability and contagion? We have shown that the
answer to this second question is more ambiguous., Neither coordination nor
cooperation at the regional basis, eliminate the possibility of crises induced
by self-fulfilling expectations. However, coordination and cooperation reduce
the set of fundamental parameters for which simultaneous devaluations is an
equilibrium and are therefore welfare improving. Both are stabilizing in the
sense that they reduece the number of equilibria. Because multiple equilibria
due to self-fulfilling expectations are a natural outcome of this type of model,
the role of coordination on a specific equilibrium is important. In contrast
to cooperation, coordination does not require a commitment technology, and
should therefore be relatively easy. We have shown however that coordination
reduces the possibility of simultaneous devaluations, at the cost of making each
country’s more dependent on the other’s fundamentals.

3.5 Appendix
3.5.1 Wage determination

The representative monopolistic union in country i € {4, B} chooses the wage
rate w; to maximize expected utility:
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wih - 61 Cl.
€ e’
taking into account the following perceived elasticities: %’f—;‘- = %‘"-—f =1
and gﬂ,&: = —¢. Equation (3.2.4) in the text follows.

3.5.2 Demand determination

We solve a standard problem of cost minimization under the constraint of total
demand. This constraint is given by equation (3.2.1), which can be written in
terms of the production levels of representative firms:

— 1=1 -4 1-1
Y= [nAyA ?+ngyg ° +nzyz "] L
Denominated in dollar, the total cost is:

A
z-:nAyA + p—ﬂByB +pznzyz-

This leads to the following demand level of a representative variety produced

in country A:
o— o=-1 1:_0
va=Y [na +np (pA B) nz (p—Al) .
€A DB €A Pz
Using the price formula as a function of expectations of the exchange rate,

we get equation (3.2.5) in the text. The demand levels for varieties produced in
B are derived similarly.

3.5.3 Threshold levels for the cost of devaluation
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3.5.4 Derivation of conditions for 0 < Ty < Ta " < Th

Comuder Tk 52”"1 and 02 as functmns of parameter d > 1: o) 4(d),C _cmd (@)

and T2 (d). It can be checked that Ty (1) =Ty " (1) = (1) =0 and
ﬁa?Nif_a—l
(¢ -1)°

These equations imply that 5:1 (d) is positive in the neighborhood of d =1
if and only if 1‘3,-;'-";’—‘1 > =Z7. It can be also checked that:

Ta)=Cy™ (1) =T4 (1) = [~ona + (o — 1) (na +7n2)].

C‘ffo'd"(l)—af(l) = 2‘6‘;%2;—[ ~ond +o (o —1)nk +0(c—2)nang
+(e—1)(4o0 — 1) nang + o (g — 1)ngnzl,

—CooT Y 52
0= = BT (o 1] ma
—o (o —1){np +nz)}

The first expression proves positive when 228z > that is, when (o) a(d)

= g 1!
is positive in the neaghborhood of d = 1. The second expressmn proves positive
ifandonly1f—ﬂ-‘t~ﬂ<"_"— Weknowthai:—<"_"—1 aso > 1.

a'ol —aa’l

Hence, if %45 < _a_-l-__z. (o1 ,then C"A (1) < C"ford 1 < E?: 1).

—- ofo-1

This implies that for ;%7 < —ﬂ'ﬁ—ﬂ < "37'5;’7_1—;2 and for d sufficiently close to
one, we have 0 < Ty < T3 < T. Conditions under which 0 < Ty <

d _ 2
Cg " < Tg are symmetric.
Figure 3.3 on the effects of coordmatmn corresponds to 0 < Loy W < ﬂwrd
—=coord

T4 and 0 < CB <Cg < CB It is therefore valid for -2 < 2atnrz

na
E]

o —(a~1)* o?=(or=1)?
oSy and o < Radna < 2olonl)
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Figure 3.1: timing.
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Figure 3.2: equilibria in the “no coordination” case".
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1 To save space, we note /1 the equilibrium where both countries stay in the fixed exchange rate, df the
equilibrium where country 4 devalues and B does not, etc.



Figure 3.3: equilibria in the “coordination™ case.
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Figure 3.4: equilibria in the “cooperation” case'?.
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 Figure 3.4 can be interpreted as a collapsed version of figure 3.2 in which the countries are symmetric, the 1d
and dl equilibria are excluded by cooperation, and all cooperative equilibria lie along a 45° line through the

origin. Under the same conditions as in figure 3.2 (with n, = ng), we have C,"% < C,”™* .



Chapter 4

Endogenously asymmetric
demand shocks under
alternative exchange rate
regimes

Abstract

Chapter 4, entitled “Endogenously asymmetric demand shocks under alternative
exchange rate regimes”, presents a two-country, two-differentiated-good, one-
period monetary model, with intermediate inputs and transport costs, which
builds a bridge between the New Economic Geography and the New Open
Economy Macroeconomics literatures. Endogenously asymmetric shocks arise
in this model when the exchange rate regime in foree favours the concentra-
tion of each industry in one country, thus turning indusiry-specific shocks into
country-specific shocks. In the presence of nominal wage rigidity, the occur-
rence of endogenously asymmetric demand shocks (EADS) affects the location
incentives of firms, even though the latter are risk-neutral, because of the con-
junction of substitution and income effects. As the smoothing of these shocks
depends on the exchange rate regime, so do the location incentives of firms and
hence eventually the occurrence of such shocks. Both the emergence and the
sustainability of EADS are found more favoured by a fixed exchange rate regime
or a monetary union than by a floating exchange rate regime.

154
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Abstract in French

Le chapitre {4, intitulé “Chocs de demande endogénement asymélriques sous
différents régimes de change”, présente un modéle monétaire & deux pays, deux
industries et une période, avec biens intermédiaires et coiits de transport, qui
fait le lien entre les littératures de New Economic Geography et de New Open
Economy Macroeconorics. Les chocs endogénement asyméiriques apparaissent
dans ce modéle lorsque le régime de change en vigueur favorise la concentration
de chaque industrie dans un seul pays, c’est-d-dire la spécialisation de chaque
pays, de telle sorte que les chocs spécifigues & une industrie donnée ont alors
des effets asyméiriques entre les pays. En présence de rigidité des salaires nom-
inauz, leristence de chocs de demande endogénement asymétriques affecte les
décisions de localisation des entreprises, bien que ces derniéres soient neulres au
risque, du fait de lo conjonction d’effets de substitution et de richesse. Comme
Ueffet de ces chocs dépend du régime de change, les décisions de localisation des
entreprises et donc finalement Uexistence méme de ces chocs dépendent aussi
du régime de change. Nous trouvons que le régime de change fixe el Uunion
monétaire favorisent U'émergence et la soutenabilité des chocs de demande en-
dogénement asymétrigues devantage gque le régime de change flexible.

4.1 Introduction

This chapter investigates the emergence and the sustainability of endogenously
asymmetric shocks ynder various exchange rate regimes, focusing on demand
shocks. Endogenously asymmetric shocks arise when the exchange rate regime
in force promotes greater national specialization, thus turning industry-specific
shocks into country-specific shocks.

The concept of endogenously asymmetric shocks goes back to the early 90’s.
At that time, the New Economic Geography theory emerges to show that a
fall in the cost of transport of goods and services across countries can affect
the specialization patterns of these countries, for instance lead to more national
specialization by providing an incentive to reap scale economies and agglomera-
tion benefits. The European Monetary Union {(EMU) could then have the same
effect, was it said, if the launch of the euro, as a further step on the road to
economic integration, can be interpreted at first sight as a fall in the transport
cost across member countries, through the complete elimination of exchange
rate risk.

In other words, the Optimal Currency Area {OCA) criterion identified by
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Kenen (1969), i.e. the degree of national economic diversification in the presence
of industry-specific shocks, should be considered as endogenous’. Imsofar as
its susceptibility to country-specific shocks is concerned, EMU might be less
justifiable ex post than er ante, or vice versa®.

Pointing to the fact that the United States experience a higher degree of local
specialization than Europe, Krugman (1991, 1993) thus argues that EMU will
tend to develop inter-industry rather than intra-industry international trade,
and hence favour the emergence of endogenously asymmetric shocks®. On the
contrary, empirical works by Fontagné and Freudenberg (1999), Fontagné (1999,
2000) reach the conclusion that EMU will not make member countries more
specialized, simply because previous economic integration has not.

On the theoretical ground, very little has been done to modelize explicitly
endogenously asymmetric shocks within a monetary union and thus illustrate
the endogensity of Kenen’s OCA criterion. Such a modelization would be wel-
come however, if only because the relevance of the argument exposed above,
which consists in interpreting the elimination of exchange rate risk as a fall in
the tranasport cost across countries, implicitly rests on two discutable assump-
tions: exchange rate variations are exogenous, and firms behave as risk-adverse
agents.

This naturally raises the question of what would happen, were these two
assumptions to be relaxed. One may wish to relax the assmmption of risk-
adverse firms by sheer curiosity, as it seems no more relevant than the alternative
assumption of risk-neutral firms. And one may wish to relax the assumption of
exogenous exchange rate variations simply because it stands at odds with the
core assumption of the OCA literature, namely the assumption that country-
specific shocks are smoothed by endogenous exchange rate variations under a
flexible exchange rate regime®.

1Beine (1999), the OECD (1999, pp. 106-109) and The Economist (“Birds of a feather”,
May 27th, 1999) provide good discussions on that topic.

2Carré, Levasseur and Portier (2000) also stress that a rigorous assessment of whether the
Eurozone satisfies this OCA criterion is hardly possible as long as trade liberalization within
the zone has not been achieved, because the specialization patterns of member countries
depend on the degree of trade liberalization.

34Theory and the experience of the US suggest that EC regions will become increasingly
specialized, and that as they become more specialized they will become more vulnerable to
region-specific shocks. Regions will, of course, be unable to respond with counter-cyclical
monetary or exchange rate policy” (Krugman, 1993, p. 260).

4If exchange rate variations are exogenous, then Krugman's point may apply, making
country-specific shocks bigger or more frequent under a fixed exchange rate regime than under
a flexible exchange rate regime. But then a flexible exchange rate regime may not be preferable
to a fixed exchange rate regime, because it does not smooth country-specific shocks anyway:
on the contrary, it brings additional noise into the system through these exogenous exchange
rate variations.
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This chapter aims at filling in this gap in the literature, as it presents a
model of endogenously asymmetric shocks where exchange rate variations are
endogenous and firms behave as risk-neutral agents. Its main virtue may be
pedagogical however, as the economic mechanisms unveiled seem likely to be of
second-order importance compared to those predicted (though yet to be mod-
elized) by Krugman (1991, 1993) and followers.

To our best knowledge actually, Ricci’s (1997, 1998) models are so far the
only ones to tackle the issue of endogenously asymmetric shocks under fixed and
flexible exchange rate regimes. These models do not belong stricte sensu to the
New Economic Geography literature, as they do not modelize transport costs
and hence do not feature forward and backward linkages. Nonetheless, they
show explicitly that countries’ specialization patterns depend on the exchange
rate regime when firms behave as risk-adverse agents.

Ricci’s (1997) is a one-period, two-country, two-industry monetary model,
where the exchange rate (when flexible) adjusta endogenously to shocks so as to
balance trade. The point is the following: under a floating exchange rate regime,
firms of a given industry have an incentive to locate in the country relatively
specialized in this industry, because industry-specific shocks are smoothed there
by endogenous exchange rate variations. Countties tend therefore to be more
specialized under flexible than under fixed exchange rate regimes®.

Ricci’s (1998) is a one-period, n-country monetary model, where the ex-
change rate (when flexible) is by contrast an exogenous random variable. The
point is the following: under a floating exchange rate regime, firms have an
incentive to locate in the same country 5o as to enjoy a large market share there
and hence benefit from a low variability of sales. Floating exchange rate regimes
tend therefore to promote the agglomeration of economic activity.

In Ricci’s models, firms’ risk-adverse behaviour stems from the assumptions
of decreasing returns to scale and price rigidities, which make the profit function
concave in output, so that firms dislike variability of sales. Absent price rigidity,
the profit function becomes linear in output, and one has to assume the existence
of firing, inventory or bankruptcy costs {which are specified in an ad hoc fashion)
for the results to hold.

We examine the same issue as Ricci, namely exchange rate regimes and loca-
tion, but start from the more commonly adopted assumption that firms behave
as risk-neutral agents. Our model thus features flexible prices and increasing
returns to scale. Firms have no shareholders in this simple framework, but

5Ricci (1997) also considers the case where the nominal exchange rate (when flexible)

moves exogenously. This case leads to the same conclusion: countries tend to be more spe-
cialized under flexible than nnder fixed exchange rate regimes.
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we shortly discuss in conclusion the case where the rationale for firms’ risk-
neutrality is that their shareholders welcome risky shares which enable them to
smooth their labour income.

Like Ricci’s (1997), the model presented here is a two-country, two-industry,
one-period monetary model, where the exchange rate (when flexible) adjusts
endogenously to shocks so as to balance trade. Similarities stop here however.
As far as assumptions are concerned, as highlighted in table 4.1, the main
differences to be mentioned (in the form: his model vs. ours) are risk-adverse
vs. risk-neutral firms, rigid vs. flexible prices, decreasing vs. increasing returns
to scale, the absence vs. the presence of intermediate goods and transport
costs. Moreover, Ricci considers many different kinds of shocks, whereas our’
model only rests on the occurrence of industry-specific demand shocks®.

Our model builds a bridge between the New Economic Geography and the
New Open Economy Macroeconomics literatures. These framewoks both hinge
on menopolistic competition in the goods market and get along quite well un-
der a few simplifying assumptions. The New Economic Geography features of
our model deal with the long term, while its New Open Economy Macroeco-
nomics features deal with the short term. From the New Economic Geography
literature, we borrow the industrial clustering model of Fujita, Krugman and
Venables (1999, chapter 16), which features intermediate inputs and transport
costs. We reformulate this model in a stochastic environment, where exchange
rate variations have real effects in the presence of short-run nominal wage rigid-
ity.

The traditional dispersion force (based on the local competition effect} and
concentration forces (based on backward and forward linkages}, familiar to the
New Economic Geography literature, are present in our model. But new forces
enter the stage when industry-specific demand shocks are considered. These
new forces explain why, despite firms behaving as risk-neutral agents in our
framework, countries’ specialization patterns still depend on the exchange rate
regime’. The argument goes as follows.

Consider first the case where the two countries form a monetary union. In
that case, asymmetric shocks are not smoothed. Let us focus on a firm of a
given industry located in the country relatively specialized in this industry. In
the case of a positive demand shock on that industry, this firm benefits from

8A more minor difference between his paper and our chapter is that the number of firms
is exogenous in Ricci’s (1997) main specification and endogenous in cur model, as we allow
for free entry and specify & fixed cost of production {expressed in terms of labour).

TOur model thus contrasts with Krugman's (1991, 1993) argument and Ricei’s (1997)
model, which would both predict that the exchange rate regime has no impact on countries’
specialization patterns under the risk-neutrality assymption.
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a substitution effect (households spend relatively more on the goods produced
by that industry) as well as from an income effect (the firm's local market gets
larger as the country gets wealthier, and this matters in the presence of transport
costs). The conjunction of this substitution effect and this income effect turns
the firm’s profit into a convex function of the stochastic parameter representing
the industry-specific shock, so that the firm’s average profit is increased. This
gives firms of the same industry the incentive to locate in the same country.
Competition between them raises wages (until average profits go back to zero)
and therefore attracts local workers into their industry: a new concentration
force arises. )

Now consider the case of a floating exchange rate regime. Asymmstric shocks
are then smoothed by endogenous exchange rate variations, so that the income
effect mentionned above disappears, and so does the newly identified concentra-
tion force. Instead, another mechanism is at work, opposite to Ricei’s (1997).
Indeed firms of a given industry have an incentive to locate in the country rel-
atively specialized in the other industry, because they then benefit from the
conjunction of two substitution effects: a positive demand shock on their in-
dustry makes households spend relatively more on the goods produced by that
industry, and makes the currency of their country depreciate. As previously,
the induced competition between these firms raises wages (until average profits
go back to zero) and therefore attracts local workers into their industry: a new
dispersion force arises.

Qur model thus predicts that countries tend to be more specialized within
a monetary union, or under a fixed exchange rate regime, than under a flexible
exchange rate regime. These results differ significantly from Ricci’s (1997).
They differ quantitatively: in Ricci’s main specification, every specialization
pattern is an equilibrium under a fixed exchange rate regime, and the only
equilibrium under a flexible exchange rate regime is full specialization; outcomes
are not so extreme in our model. And more importantly, as shown in table 4.2,
they differ qualitatively: Ricci finds that countries tend to be more specialized
under fexible than under fixed exchange rate regimes; we find quite the opposite.

Related literatures are seeking to assess the effects of exchange rate regimes
on foreign direct investment, or the effects of exchange rate variability on trade,
but they take countries’ specialization patterns as given®. Another related lit-
erature is examining the endogeneity of the OCA criteria. Frankel and Rose
(1996, 1997, 1998) thus provide some empirical evidence supporting the idea

8Closer to our analysis is Bayoumi's (1994) model of optimum currency areas, which
features rigid wages, transaction costs and national specializations, but considers countries’s
specialization patterns as exogenous.
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that the adoption of a common currency, by developing international trade, no
matter whether intra- or inter-industry, tends to increase the correlation be-
tween national business cycles. Their findings are however challenged by Imbs
(1998). .

In the remaining of the chapter, we first present our theoretical framework,
and then examine the stability properties of two particular cases: the concentra-
tion of each industry in one country, and the dispersion of each industry across
countries. A few concluding remarks follow.

4.2 Theoretical framework

4.2.1 Overview

This section presents our one-period, two-country, two-industry monetary
model. We focus on a single period as we assume away any possibility for
intertemporal trade, so that trade is constantly balanced. The two couniries
considered, labelled home and foreign, are identical in the sense that they share
the same structural parameters, including size. Taken as a whole, they form a
closed economy, which is a good approximation for the Eurozone.

The two industries considered produce tradable goods. The choice of only
two industries has been made for simplicity. This assumption seems natural in
the case of small countries (think for example of the importance of the telecom-
munications industry in Finland), but it may also be relevant for bigger countries
like Germany and France if industries are re-interpreted as sectors, such as man-
ufacturing or tradable services. What actually matters here is that there are
few industries, so that each of them can represent a big share of the productive
structure in a country, and thus industry-specific shocks can have non-negligible
(income) effects on national economies. Similarly, the absence of non-tradable
goods in our model is primarily a matter of practical convenience. The presence
of a non-tradable goods sector would not alter the main results of the chapter,
provided each tradable goods industry is big enough for industry-specific shocks
to carry national income effects.

Many general assumptions in our model aim at replicating the structural
characteristics of the European economy®. Member countries of EMU are com-
monly thought to lack of the adjustment mechanisms which could in theory
compensate for the loss of national monetary sovereignty. Indeed, labour is
rather immobile across European countries, at least compared to across US

OBriilhart and Torstensson (1996) provide some empirical evidence on how well the New
Economic Geography theory fits the European economy.
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states, and some among the main obstacles to cross-country labour mobility,
such as linguistic barriers, are likely to persist for some time to come. Wages
and prices may lack of flexibility. Fiscal redistribution across countries is almost
non-existent, in sharp contrast with the American situation, and the prospect
of a Eurozone-wide budget, which would institutionalize interregional transfers,
looks far distant in the future. Finally, national fiscal policies are currently con-
strained by the Stability and Growth Pact, so that there is limited scope (left
by the Ricardian equivalence) for countercyclical budgets to smooth disposal
income.

Thus, insofar as the adaptability to country-specific shocks is concerned,
the Eurozone is no OCA, and such shocks, should they occur, would then
prove costly under EMU in terms of macroeconomic volatility. The assump-
tions chosen in our model ensure that such is the case indeed. The labour force
is mobile between industries within the same country, but immobile between
countries. Wages are sticky in the short run, though prices are flexible. There
is neither fiscal redistribution across countries, nor national fiscal policies, nor
individual intertemporal borrowing. The (industry-specific) shocks considered
are temporary demand shocks; when specialization patterns make these shocks
country-specific, they are (at least partially) smoothed only under a flexible ex-
change rate regime, through the expenditure-switching role of the exchange rate.
Though temporary demand shocks can typically be accomodated by monetary
policy, we choose for simplicity to keep national monetary policies exogenously
passive in our framework.

Risk-sharing across countries is one more possible adjustment mechanism
within a monetary union which we choose not to consider in the main body
of our chapter (the implications of such a risk-sharing are shortly drawn in
conclusion). It is a well established empirical regularity that there is little risk-
sharing across countries in general, and across European countries in particular
(Atkeson and Bayoumi, 1993; Serensen and Yosha, 1998). This risk-sharing
could in theory be achieved by cross-ownership of productive assets wvia the
capital market, or by intertemporal trade via the credit market. But none of
these channels of risk diversification is much developed currently, thus providing
a very limited amount of insurance against fluctuations in national income. As
a consequence, fluctuations in national consumption are much more correlated
with fluetuations in national production than with fluctuations in the European
production as a whole.

It may be argued however that the creation of a common currency may
in itself eventually enhance capital market integration, through the unification



PART II, CHAPTER 4: ENDOGENQUSLY ASYMMETRIC... 162

of European equity markets for instance, thus lifting the home bias'®. Mélitz
and Zumer’s (1999) results suggest that EMU will promote the smoothing of
shocks wie market channels, in particular by encouraging cross-ownership of
productive assets. This seems to be the only shock-absorber mechanism in sight
which would emerge in the foreseeable future to speed up adjustment and limit
the potential cost of foregoing national monetary policy independence. This
development should not be taken for granted however, as informational basriers
to cross-ownership of productive assets, as well as governmental restrictions on
the proportion of shares which can be owned by non-residents, may be slow to
disappear.

The three agents involved, firms, households and monetary authorities, are -
introduced in turn in the next three subsections. To keep things simple, nota-
tions are (mainly) borrowed from Fujita, Krugman and Venables (1999, ch. 16),
and can be shortly described as follows. Superscripts usually refer to households
and firms, indexed by integers ¢ and § respectively. Subscripts usually refer to
the industry considered (1 or 2). Variables specific to the foreign country are
denoted with an asterix (*). All nominal variables are expressed in local cur-
rency. Qur presentation focuses on the home country, but equations for the
foreign country are defined or derived in a similar way.

4.2.2 Firms

‘We assume monopolistic competition in the goods market, so that each industry
is composed of a large number of differentiated tradable gocds, called varieties.
We note 6 (with § > 1) the constant elasticity of substitution (CES) between
these varieties, the same for both industries. We define a firm as a producer of
a single variety'!.

‘We assume that firms face a fixed cost of production, expressed in real terms.
As is the rule in the monopolistic competition literature, we modelize this fixed
cost as a fixed labour input requirement, noted F, the same for both industries
and both countries. Considering a fixed cost of production enables us to endog-

10« ] over time investors’ behaviour will change, creating something that looks more like
a single European equity market. At present, most Furopean fund managers are barred from
putting more than 20% of their funds into foreign-currency investments. Others choose not
to invest heavily abroad because of the costs of hedging their currency risks. The euro will
lift both constraints. Fund managers will start to invest mote of their money across European
borders so as to build investment portfolios that reflect Europe’s economy rather than their
own domestic one. This growing band of investors will divide up Europe’s investment oppor-
tunities by industry sector, not by nationality, just as in America.” (The Economist, “Euro
neurosis”, May 7th, 1998.)

11Being risk-neutral, firms have no incentives to diversify their production in cur framework,
neither across varieties within the same industry, nor across industries.
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enize the number of firms, because with free entry, there are new entrants until
expected benefits equal the fixed cost of production (so that expected profits
are nil), thus ensuring a finite number of firms in equilibrium.

We note n; and n} the number of firms in industry k respectively in the
home and the foreign country. Because industries are modelized in a symmetric
way from both the demand and the supply sides (as will be seen below), there is
the same number N of firms, or equivalently of varieties, in each industry: N =
ny +n} = ny + n3. Moreover, since our two countries share the same structural
parameters, including size, they have a mirror-image production structure: n; =
n3 and ng = nj.

Every firm produces a variety of good which is consumed by all households
(final consumption) and used by all firms as a production input (intermediate
consumption} in both countries. The production functions are the same for
firms within the same industry, but differ between industries. They are written

. [+ .
v =4(t)" (x4)" (x4)’
v =a(d)’ (x4)" (x&)°

where, for firm j in industry k, Y} is the production level, L the amount
of labour employed (excluding the fixed labour input requirement F), X| f,k, the
quantity index of intermediate goods bought from industry &/, and where o,
g and « are strictly positive parameters snch that o + 8+ ¥ = 1. We choase
to impose the condition o > -, which says that linkages within industries are
stronger than those between industries and seems a natural assumption to be
made.

There is monopolistic competition in the goods market with the same con-
stant elasticity of substitution (CES) between goods, noted 8 (with # > 1), for
both final and intermediate consumptions, so that X ,{k, in particular is defined
as

a—1 g%f
] (k, &) € {1,2)3,

X, = [ZLI (xid) "

where X,’c;’;, represents the amount of goods sold by firm j7 in industry k/
to firm j iv industry k. Although firms buy themselves intermediate goods, we
will assume they use no money.

The timing of events is the following: 1) firms choose their location, 2) wages
are set, 3) a shock occurs, and 4) prices are set, production and consumption
take place. Wages are thus assumed not to react to shocks, contrary to prices,
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and this is the source of nominal rigidity in our model. Note that this nominal
rigidity applies only in the short term. In the long term indeed, wages are
flexible and depend on the pattern of location of the firms. In other words,
steps 1 and 2 belong to the long term, while steps 3 and 4 belong to the short
term.
At step 1, firms choose whether to produce their single variety in the home
country or in the foreign country. Each firm chooses the production location
which maximizes its expected profit. Firms thus behave as risk-neutral agents.
We assume in the following that firms have no shareholders and redistribute
their profita to their own workers, which is compatible with their risk-neutral
behaviour. In the conclusion is discussed an alternative specification, based -
on the assumption that firms have risk-adverse shareholders who can perfectly
diversify their portfolios.

At step 4, prices are set by firms, since we have monopoligtic competition
in the goods market. Following Obstfeld and Rogoff (2000), who empirically
motivate their choice, we rule out local-currency-pricing (LCP). In other words,
the price of a given good is assumed to be denominated in the producer’s cur-
rency, as opposed to the buyer’s. This ensures that the exchange rate can play
its traditional Keynesian expenditure-switching role, because the exchange-rate
pass-through to import prices is equal to one.

We adopt moreover the pricing-to-market (PTM) approach, that is to say
that by assumption producers can charge a price for the home market and
another for the foreign market. However, even though they can discriminate
between countries, they choose not to. Indeed, as usual in monopolistic com-
petition frameworks, the price charged by a given producer is equal to her
marginal cost times a mark-up which depends only on the elasticity of substitu-
tion between goods. Now, because each producer faces by assumption the same
elasticity @ in the home and the foreign markets, she chooses to charge the same
price in both countries.

Once the maximization is done, we can drop all indices j, as in equilibrium
all firms, conditionally to the industry they belong to, end up charging the same
price

Py = g2 (W1)? (G1)° (Ga)”

Py = 322 (W1)? (G1)" (G2)* (42.1)

with the normalization A = (a"ﬁﬂ'y“f)_l, where W, and G|, are respectively
the nominal wage and the price index in industry k (detailed below).
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4.2.3 Households

Each country is composed of a given number 7 of households, who supply labour
and consume final goods. Households are assumed to be mobile across industries
and immobile across countries, which is more or less the case in the Eurozone.
The utility function of household ¢ is written

iy 1-A
U = () (%) :

where (" is her consumption level, M* her nominal money balance, P the
price index, and where } is a constant parameter (0 < A < 1)*2. :

Note that labour A* = L* + F* supplied by household 7, where L’ represents
the productive part and F* the non-productive part (used for the fixed labour
input requirement), does not enter the utility function above. If no further
assumption were made, this would imply that households are indifferent ceteris
paribus between working a lot for a low wage and working little for a high wage
(such that labour income is identical in both alternatives). To rule out such a
case, we impose the average amount of labour supplied by every household to
be exogenously fixed at a given level, noted A:

vi, E(AY)=A. (4.2.2)

Thus, in our framework, the only way labour affects the utility level of house-
hold £ is through fluctuations in labour income and therefore in consumption
C?, linked to labour income through the budget constraint. We assume that
labour is demand-determined, workers supplying all the labour demanded by
firms following the shock.

We also impose each household ¢ to work in only one firm, for a wage
W*¢ = Wy, where k is the industry the firm belongs to. In other words, house-
holds cannot have a diversified job portfolio. The budget constraint faced by
household ¢ is thus the following:

M'+ PC' =3 + PY! + WiA + 1T, (4.2.3)

where 7" and M* denote respectively her initial and final stocks of domes-
tic currency, T the lump-sum transfer she receives from the central bank (as
defined below) and II* the share of firms’ profits she receives.

12The indirect utility function, derived from the initial utility function by using the first-
order condition of households’ optimization problem, will be linear in consumption. House-
holds are therefore risk-neutral in our framewark.
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We adopt a “super home bias” assumption, under which every firm redis-
tributes its profits equally among its own workers, so that IT* represents a certain
share of the profit made by the firm which household i works in. (An alternative
way of modelizing IT%, shortly discussed in conclusion, consists in considering a
- possibly nationally and internationally - diversified share portfolioc owned by
household i.)

Finally, the consumption index of household ¢ is written

¢t = ()" (c)"™
with

r% ke {1,2),

N o Bt
ol = [zjj=1 ()
where C} is household i’s consumption of goods from industry k, and Cff
her consumption of goods of the variety produced by firm ;7 from industry k.
Parameter 4 is stochastic (0 < u < 1), drawn at each period, with mean E (u) =
1/2 and variance V (). We assume that its probability distribution is symmetric
around 1/2, so that p and 1 — p have the same distribution.

Parameter u corresponds to a temporary shock on the relative preference for
goods from industries 1 and 2, and represents the only source of exogenous per-
turbations in the model. This shock is mentioned as an industry-specific shock
in the following, though it is actually modelized for mere reasons of practical
convenience as an industry-antisymmetric shock, in the sense that any increase
in the demand faced by one industry is accompanied by a decrease of the same
amount in the demand faced by the other industry.

As a consequence, the general consumer price index is

P (G (Gz}::".
pi (1= p)#

4.2.4 Monetary policy

Household i chooses C* 8o as to maximize [/* subject to her budget constraint.
The first-order condition of this optimization problem is

A M
TIAP
Suppose that P does not react to variations in the money stock. Then the
monetary policy transmission mechanism works as follows: in case of an unex-
pected increase in money supply, each consumer is willing to exchange money

ct (4.2.4)
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for goods (to restore the first order condition of her optimisation problem), and
this results in an increase in the aggregate demand for goods. Then the supply
of goods adjusts, raising eonsumption, until the demand for money equals the
money supply.

Now, there are actually some cases where P does react to variations in the
money stock. Indeed, under a floating exchange rate regime, money supply
affects the nominal exchange rate and hence the price of imported intermediate
goods. This in turn results in a change in marginal costs, and prices are adjusted
accordingly.

Under a fixed exchange rate regime however, or when countries form a mon-
etary union, firms face constant marginal costs, because then neither the price
of imported intermediate goods (due to the fixity of the exchange rate) nor nom-
inal wages (rigid by assumption) vary. As firms also face a constant elasticity
of substitution between goods, they have no incentive to change their prices.
In that case, though perfectly flexible, prices do not react to the shock nor to
monetary policy, so that they could be set at any time after step 2.

This in turn implies that holds then a well-known property of models with
monopolistic competition in the goods market, with rigid nominal wages and
without intermediate goods, namely that cutput is demand-determined. Indeed,
prices do not react to a demand shock and since they are strictly higher than
marginal costs, firms have an incentive to adjust supply so as to meet demand.

Monetary policy is conducted at the national level in case of a flexible or fixed
exchange rate regime (one central bank per country) and at the supranational
level in case of a monetary union (one central bank for both countries). The
monetary authorities are assumed to rebate all lump-sum transfers in the form
of money:

PY =M -7 (4.2.5)

Though our framework enables us to consider optimal monetary policies, we
choose not to and expose below the reasons why. Monetary policy is optimal
when the monetary authorities aim at implementing the egalitarian social op-
timum, which amounts to maximize the sum of households’ utility levels. This
optimisation probiem is constrained in the sense that monetary policy rules are
being considered. In other words, there is no scope for monetary surprises to
offset monopolistic distortions, and monetary policy aims only at stabilizing the
economy.

Considering utility-maximizing monetary policies would enable us to address
the issue of (the lack of) cooperation between central banks. We could then
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compute the Nash equilibrium under a floating exchange rate regime, and the
Stackelberg equilibrium under a fixed exchange rate regime, with one central
bank acting as a leader -call it Buba- and the other central bank as a follower,
as may have been the case under the European Monetary System (EMS).

Instead, we choose not to consider optimal monetary policies, so that in
most of the exchange rate regimes examined in the following, money supply
is exogenous'3 and, as we do not introduce monetary shocks, kept constant.
In other words, monetary authorities are passive. We consider three distinct
exchange rate regimes: & monetary union, a floating exchange rate regime,
and a(n) (asymmetrically) fixed exchange rate regime. Only in the latter case
is money supply endogenous (though not utility-maximizing), in the country
which unilaterally pegs its currency to the other country’s.

The main reason why we choose not to consider optimal monetary poli-
cies is that in our framework these policies turn out to be pro-cyclical under a
floating exchange rate regime when central banks do not cooperate and when
countries are specialized. This result can be easily obtained by first express-
ing U as & function of M, M* and u, then using the lagrangian method to
solve the home country central bank optimization problem, that is to say to
choose a monetary policy rule, the function g — M (i), so as to maximize
E[U (u, M (), M* (1))] subject to E[M (u)] = M and considering the func-
tion g — M™* (u) as given.

To see why this leads to pro-cyclical monetary policies, consider the case
where countries are fully specialized, with all of industry 1 concentrated in the
home country. Then the elasticity of the consumer price index P with respect
to the nominal exchange rate is decreasing in u, because less foreign goods
are consumed when there is a positive demand shack on the home country's
products. Thus the nominal currency depreciation following an expansionary
monetary policy fuels domestic inflation all the less than y is large. As equation
(4.2.4) enables us to express the (indirect) utility level U as a function of ¥
only, monetary policy efficiency increases with 4, so that monetary authorities
have an incentive to increase M following a positive shock on u.

Utility-maximizing monetary policies can therefore be pro-cyclical in our
framework, so that we choose not to consider them. (As will become clear
later on, taking them into account would actually strengthen our results at the
expense of greater mathematical complexity.) Under a floating exchange rate
regime, central banks are therefore assumed not to react to whatever shock on

138uch an approach is standard in the New Open Economy Macroeconomics literature,
where monetary policy is often considered as a source of shocks rather than as a stabilization
tool.
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p occurs and to leave their money stocks unchanged. The nominal exchange
rate is then assumed to adjust so as to balance international trade'4.

4.2.5 International trade

We assume that shipping a good from one country to the other is costly. This
transport cost, noted T, is modelized as an iceberg cost (I" > 1). Despite
the full implementation of the Single Market Process and despite technological
innovations, there remain some obstacles to international trade within Europe,
which T can account forl5,

We note € the nominal exchange rate, defined as the price of the foreign
country currency in terms of the home country currency. Thus the (consumer)
price index in industry k is written:

Gy = [n.k ()% +nt (P,:Ts)“"] =g € {1,2}. (4.2.6)

To close the model, we only need now to specify goods market clearing
conditions, which ensure that international trade is balanced. To that aim,
we first have to determine total expenditures in each country on each indus-
try. Consider a firm in a given industry employing a labour force ! (excluding
the fixed labour input requirement) paid at wage w. Profit-maximization, or
equivalently price-setting, then gives a profit equal to B-@“f—ﬁ —wF. In the
specification without shareholding, profits are redistributed within firms, so
that households’ revenue from working in that firm and receiving its profit is
w{l+ F)+ Eﬁ'—"ﬁ — wF = H (1,0) wl, where function H is defined as:

1+5(0-1)
B -1)

All households working in a given firm supply the same L? and F*, so that

the revenue per household from working in that firm and receiving its profit is
H (1,0) WL, Thus, using (4.2.5), the budget constraint (4.2.3) simplifies to:

H(zn,z)= o+ %

PC'=H(1,0) WL, (4.2.7)

4 An alternative modelling strategy would consist in removing money from the represen-
tative household’s utility function and sssuming that the central bank conducte an exchange
rate policy - quite a reasonable assumption in our opinion, given the absence of non-traded
goods in our model. Indeed, if it perfectly controls the nominal exchange rate (when flexible),
the central bank will choose its value such that international trade is balanced, because this
value is precisely the one which offsets the impact of the shocks on real variables, as will be
seen later on.

!58hould this transport cost not exist in our model (T = 1), the location of economic
activity wounild then be indeterminate under any of the exchange rate regimes considered here,
as will be seen below.
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Moreover, costs minimization leads this firm to spend %wl on intermediate
goods from the same industry and %wl on intermediate goods from the other
industry, so that summing intermediate and final consumptions, we obtain the
following expressions for Ej, total expenditure in the home country on industry
k:

By = H (ﬂ" a) HIWILI +H (»ui 7) n2W2L2| (4.2.8)
E=H(1-u,v)myWili + H(l1 — p,a) naWals,

where Ly, is the amount of labour employed (excluding the fixed labour input
requirement) by each firm in industry k.

Now consider a firm in industry &, charging price p and employing a labour-
force [ {(excluding the fixed labour input requirement) paid at wage w. The non-
fixed part of its production costs being 1"5‘-, the nominal value of its production
is m—}ﬂ%’ Total expenditure on that variety, expressed in the home country
currency, is p'~? (Gx)? ! E}, in the home country and (p%)l_a (G}‘;)a_lsE,: in
the foreign country. Goods market clearing implies for that variety that total
expenditure should be equal to the nominal value of production, so that we
eventually obtain:

§ Wil
6-1) 8

The presentation of the model is now complete. Solving this model ana-
lytically in the general case proves both mathematically complex and of little
interest, in that it does not help to understand the mechanisms at work. We
therefore choose to focus in the next sections on two degenerated cases: concen-
tration (defined as each industry entirely located in one country) and dispersion
(defined as half of each industry in each country).

Note that our framework is thus very close to that of the father of the
OCA theory: Mundell (1961) considers first a shift in demand from the goods
produced in a country to the goods produced in another (this corresponds to our
concentration case), then a shift in demand from goods like lumber products,
produced in the Western parts of both Canada and the United States, to goods
like cars, produced in the Eastern parts of both countries {our dispersion case).

= (P) P [GI B+ G ' T % E;] ke {l,2). (429)

4.3 The sustainability of EADS

This section focuses on the effect of various exchange rate regimes on the sustain-
ability of endogenously asymmetric demand shocks (EADS). In other words, for
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each exchange rate regime we derive here the conditions for which concentration
(defined as each industry entirely located in one country) becomes sustainable.

4.3.1 Concentration
Concentration corresponds here to all of industry 1 in the home country and ail

of industry 2 in the foreign country. Thus N =n; =nj and nf =nz = 0, s0
that consumer price equations (4.2.6) become

G1=NT9P, Gy=NTePTe,
Gj=N=PL  Gj=NTeP;

Total expenditures (4.2.8), in each country and for each industry, are now
written

(4.3.10)

El =NW1L1H(p,a), E2=NW1L1H(1-[£,‘7), (4311)
By = NWiL3H (47}, B3 =NW3L3H(1-p,a), <

and using (4.3.10), the goods market clearing conditions (4.2.9) simplify to

6 NWiL, ) 6 NWiLy 1 )
=1 6 -—E1+EE1, m ,6 —EE2+E2,

8o that we obtain the following balanced trade condition:
Wily _ . H(u,7) )
Wil; H(-u7)
Moreover, we know that II; = B‘%—% — FWj and that free entry implies
E (I1;) = 0, with similar equations for the foreign country, so that we get:

(4.3.12)

E(L) =E(L})=FB(6-1). (4.3.13)

In order to derive the general conditions for the sustainability of concen-
tration, we need to consider the case of one firm from industry 2 settling in
the home country. Using (4.2.1), (4.3.10) and (4.3.11), the corresponding goods
market clearing condition in (4.2.9) is written:

8 WL LA N
(#-1) 2ﬁz B (WZ) T-O=Dle=mehOD [TOIW L1 H (1~ )

+T~OVeW; L3H (1 - )] -
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This firm makes a profit equal to II; = ﬁlrg_%j - FW,, and free entry implies
E[IIp} = 0, so that

E(Ly) =FB(0—1). (4.3.14)

Thus we eventually get the following wage ratio equation:

E’E B(e-1)+1 _ T-(8-1)(a—7) Wy ﬁ(e-l)E[Eﬂ(a-l) [Ta—lLl
Wi gF Wi

H(1-p,y)+T70 %EL;H (1-g, a)”(4.3.15).
1

Now consider household 7 in the home country. She can be employed either
in one firm from industry 1, supplying the amount A} = L} 4 F} of labour
for a wage Wy, or in that firm from industry 2, working A = Li + F} for
We. She will choose the first alternative if and only if it provides her a higher
expected utility level than the second alternative. Given equation (4.2.7), the
necessary and sufficient condition for concentration to be sustainable is thus
E [WoLi] < E [W,Li].

Equations (4.3.13) and {4.3.14) imply that the firm considered (from industry
2) employs the same average amount of productive labour as firms from industry
1: E(Ly) = E(L;). Since they also face the same fixed labour input requirement
F, they employ the same average total amount of labour, and therefore the
same number of workers, due to equation (4.2.2). This in turn implies E (L) =
E (L3), and the condition for the sustainability of concentration can therefore
be rewritten: Wo < W;.

Equation (4.3.15) is therefore central to our analysis. Concentration is sus-
tainable if and only if the right-hand side of this wage ratio equation is lower
than one. In the next subsections, we examine how this wage ratio equation can
be rewritten depending on the exchange rate regime considered.

4.3.2 Monetary union

When the countries form a monetary union, the exchange rate is fixed and nor-
malized to one: £ = 1. Besides, there is one (common) central bank, which sets
M+M*=M+M . In each country, the money stock is linked to consumption
through the first-order condition (4.2.4) of the households’ optimization prob-
lem. Consumption in turn is related to income through the budget constraint
(4.2.7) faced by households, so that in the end we can write:
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(3 +7T)
N1-X2)H(Q1,0)
Together with equation (4.3.12), this leads to

MMAM')  H(,
Wili = s a3,
_ AFAT)  Hlen, (4.3.16)
WiLs = mcomey SR
. - - Wy L
The profit made by each firm in the home country is equal to II; = z755 —

FW,, with free entry implying E [II;] = 0, and similarly in the foreign country,
so that using (4.3.16), we obtain:

Wily + WL} =

Wy =W;,

Ly=F8(#-1 —éﬂ—%”';‘f,
1= FAO -1 ag (4.3.17)

L% =Fﬁ(9—1)%ﬁ§}1.

The wage ratio equation (4.3.15) thus becomes:

w. #(e-1)+1 g9 — 1) T—{6-1){a—7)
( 2) - BE-Y E[H(1-p7)

A 8 H(37)
[TG'IH () + T VH (1 - ,u,a)]] .

4.3.3 Floating exchange rate regime

National central banks remain passive: M = M and M* = M. To simplify,
we choose to normalise M = M~ without any loss of generality. Using (4.2.4)
and (4.2.7), we get

M WoLs = M
(1- M) H(1,0) IETN(1-NH(Q,0)

WiL; = N (4.3.18)
so that zero-profit conditions (holding on average) now lead to:

W =Wy,

Li=L}=FB(6~-1).
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Together, (4.3.18) and (4.3.12) imply that the nominal exchange rate is

= H(l _”’7)
Hp,v)

The wage ratio equation (4.3.15) therefore becomes:

Wa PO - 1) emte-mp (H (1—#,7))‘9 @-D+i
Wi 6 H(p,7)

[Tﬂ—lﬂ(p, M+ T-C-DH (1 -y, a)]] .

4.3.4 Fixed exchange rate regime

We consider the case where the foreign country unilaterally pegs its currency
to the home country’s. Thus the home country central bank remaing passive
(M = M), while the foreign country’s adjusts its money supply so as to maintain
the parity between the two currencies. We note M = E(M*). The fixed
exchange rate is normalized to one: € = 1.

Following the same steps as previously with the floating exchange rate
regime, we easily reach:

w_ W
MM
. M*
Li=Fg(#-1), Li=F30-1)=s,
M
* “H(l_”'r'ﬁ r T [H(l_'luv'y):l
M =M1 M =ME|————=2|.
H(u,7) H (u,7)

The wage ratio equation is therefore:

(%2_).t9(¢i'—1)+1 — B(e_g_l_).T_(o‘l)(a—'y) (E‘ [M])ﬂ(s—n
1

H (u,7)
H(l — i 7) — —{f—
E [W [Ta l.H (H,’Y) +T @ I)H (1 - p,a)]] .

Had the home country been the one unilaterally pegging its currency to the
foreign country’s, we would have obtained instead as a wage ratio equation:
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(&)ﬂ(e—l)-&-l _ ,ﬂ_(f:i)T-(ﬁ—l)(a——y) (E‘ [M])—ﬂ(e—n_l
Wi g H(l-p7)

sz () 4 702 ().

4.3.5 Benchmark case

In addition to the various exchange rate regimes examined above, we consider
the deterministic case, corresponding to V (g) = 0, as a benchmark case. In
effect, this amounts more or less to replicate Fujita, Krugman and Venables’
(1999, ch. 16) results'®. The wage ratio equation in this benchmark case is
obtained by replacing p by % in any of the wage ratio equations above:

Wa\?O Y 80— 1), e 1yaamy [o-1 (1 ) o (1 )]
(-ﬁ) SIG) T-1H 57)+T H|z.0]].

4.3.6 Sustain points

This subsection summarizes, interprets and discusses the results obtained above,
from a positive point of view. In the following, superscripts refer either to the
exchange rate regime considered: mu (monetary union), fg (floating exchange
rate regime), fd (fixed exchange rate regime); or to the benchmark case, noted
bk. As is clear from the wage ratio equations, there exists in each of these cases
a threshold value 7' (S) such that concentration is sustainable for all T < T'(S)
and unsustainable for all T > T ($)!7. We call this threshold value the sustain
point and we note it 7 (8), T/9(8), T/2(S) or T (S), depending on the
case considered (mu, fg, fd or bk)'8.

The existence of such a sustain point is familiar to the New Economic Ge-
ography literature. In the usual deterministic framework, corresponding here

18More or less do we say, because even then our framework still differs from theirs on one
point: they choose to express the fixed cost of production in terms of the composite input
(including labour and intermediate goods), whereas we choose to express it in terms of labour
only.

17This says in particular that in all the four cases considered (mu, fg, fd and bk), con-
centration is not sustainable for sufficiently high transport costs. In other words, there is no
need for imposing a no-black-hole condition on the parameters, as is done in Fujita, Krugman
and Venables (1999), to rule out the possibility for concentration to be sustainable for all Ts.
Once again, the (rather minor) differences between their results and ours in the bk case are
due to different assumptions on the nature of the fixed cost of production.

181n the (asymmetric) fd case, where one country unilaterally pegs its currency to the
other’s, concentration is no longer sustainable as soon as it is no longer sustainable in either
country, so that 7/2 (S) represents the lowest of the two sustain points defined by the two
wage ratio equations.
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to the benchmark case (bk), two concentration forces can be identified. They
correspond to the incentive for a firm to settle in the neighbourhood of other
firms of the same industry in order to benefit there from cheaper intermediate
goods (forward linkage) and from a larger market (backward linkage). Both
these concentration forces exist here because of our assumption that linkages
within industries are stronger than those between industries {(a > 7).

Opposite to these concentration forces is a dispersion force, which consists in
a local eompetition effect: firms of a given industry have an incentive to settle
in the country not specialized in this industry, in order to supply this market at
a lower price than its competitors from the other country. What happens then
is that the concentration forces are stronger than the dispersion force at low
values of T, and that inversely the dispersion force dominates the concentration
forces at high values of T'; hence the existence of a sustain point.

Things change when industry-specific demand shocks are considered. Tradi-
tional concentration and dispersion forces still apply obviously, but new forces
enter the stage too. Let us first focus on the mu case. As can be seen above,
as far as employment is concerned, a monetary union does not smooth asym-
metric shocks. When a positive demand shock on industry 1 occurs (1 > 3),
a firm of industry 1 located in the home country benefits from a substitution
effect (demand shifts from goods of industry 2 to goods of industry 1) as well as
from an income effect (the firm’s local market gets larger as the home country,
specialized in industry 1, gets wealthier, and this matters in the presence of
transport costs).

The conjunction of this substitution effect and this income effect makes the
term u? enter the profit function of this firm, turning this profit function into
a function convex in p, so that the average profit is increased. This in turn
gives firms of the same industry the incentive to settle in the same country, and
the induced competition between them raises W; relatively to Wy until their
average profit goes back to zero. Households in the home country are therefore
attracted into industry 1: a new concentration force arises.

Now consider the fg case. As can be seen above, as far as employment
is concerned, shocks are perfectly smoothed in both countries under a foating
exchange rate regime. As (say) a positive demand shock occurs in the home
country (i > 1), the substitution effect still holds, but the income effect men-
tionned above disappears, as employment is kept constant thanks to an appre-
ciation of the home country currency (a decrease in £). This implies that the
concentration force identified above in the mu case does not apply here in the
g case.
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Instead, another mechanism is at work, and a new dispersion force arises,
which stems from the conjunction of two substitution effects. Consider indeed
a firm of industry 1 located in the foreign country, specialized in industry 2. A
shock ;s > % makes households spend relatively more on the goods of industry
1, and makes also the foreign country currency depreciate. The conjunction of
these two substitution effects turns the profit of our firm into a convex function of
p and therefore increases its average profit. Firms of industry 1 face therefore an
incentive to locate in the foreign country, and competition between them raises
W} relatively to W3 until the average profit goes back to zero. Households in
the foreign country are therefore attracted into industry 1: a new dispersion
force arises.

To summarize, the cccurrence of industry-specific demand shocks within a
monetary union adds one concentration force to the benchmark case, and the
occurrence of industry-specific demand shocks under a floating exchange rate
regime adds one dispersion force to the benchmark case. One should therefore
expect concentration to be more sustaipable within a monetary union than
under a floating exchange rate regime, the benchmark case being intermediate.

And such is the case indeed. From the wage ratio equations above, it can
be shown that T79 (§) < T4 (S) < T (S) < T™*(S). This result, displayed
in figure 4.1, says that the range of parameter T for which concentration is
sustainable is the largest in the mu case, then in the bk case, then in the fd case
and finally in the fg case. In other words, a monetary union tends to strengthen
the sustainability of EADS, compared to a fixed exchange rate regime and (even
more) to a floating exchange rate regime.

The case of a fixed exchange rate regime happens to be intermediate between
the fg and mu cases. This is because the dispersion force present in the fg
case disappears here, as the exchange rate is fixed, and the concentration force
present in the mu case is weakened, as shocks are not smoothed in the country
which unilaterally pegs its currency, but are in the other country.

4.3.7 Welfare analysis

This subsection draws some normative implications of the results obtained
above. Using the first-order condition {4.2.4) of the households’ optimiza-
tion problem, we can express the utility level U as a linear function of con-
sumption C, itself a function of ¢} and C,. The latter are derived by using
G1Cy = H (u, 0)nyWy Ly, GoCo = H (1 — u,0) n1 W1 Ly, and getting G4 and G,
out of equations (4.3.10) and (4.2.1). Noting that N = ?{EB%TSI’ we eventu-
ally obtain the utility level U as a function of the exogenous parameters. We
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reach in the benchmark case:

P )‘% - (4+%)

i-A
o= (552) 7 om0 s pe- e (1) I

A

and in the monetary union case:

s, = U2, 2y (1 - )00 et L) (4:3.19)
H(37)

From these equations, one can show that U%%,, < E [U7%,]. When countries
are fully specialized, the occurrence of industry-specific demand shocks within-
a monetary union is welfare-improving. There are two reasons which explain
this result. One is that the differentiated good which matters less in the utility
function (by definition of an industry-specific demand shock) is less consumed.
This consumption basket effect corresponds to the factor 2u* (1 — ,u)(l_“) in
equation (4.3.19), which is larger than one whatever 4 in-between zero and ore.

The other reason why U, < E{Um% ] stems from the conjunction of the
substitution effect and the income effect identified in the previous subsection.
When g > %, the substitution effect lowers the consumer price index in the
home country, as producer prices remain the same and as goods of industry 2,
more expensive than goods of industry 1 because produced abroad, matter less;
this corresponds to the factor T#=% in equation (4.3.19). And when p > %, the
income effect consists in an increase in labour income in the home country, as
shown by equation (4.3.17); this corresponds to the factor :II %:'1 in equation
(4.3.19). The product of these two factors is a convex function of i and has
therefore a strictly positive average impact on Uy,

In the floating exchange rate regime case, computations {carried out in the
same way as above) lead to the following result:

+{1—ax)(1—
VL8, = Utk 200 (1~ )P 7o} [ﬁ(‘_‘f)—ﬂ] i . (43.20)
The comparison between E [Ufg, ] on the one hand and U% _ or E UM%,
on the other hand proves mathematically complex. One can show however that
when (8 — 2v) H (1,0)+4y > 0, we have Yy, UL, < Um% , so that E (Uf3,,) <
E (UZ%.Y; on the contrary, when (G — 2v) H (1,0)+4v < — fl L 01;, , we have
Y, Ums, < UfS,., so that E(UDS,) < E (Uf8,,).
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In equation (4.3.20) can be identified the same consumption basket effect
(factor 2u* (1 — £)"™) as in equation (4.3.19), as well as the same substi-
tution effect (factor T“'%), even though producer prices now vary with the
nominal exchange rate. The last factor in equation {4.3.20) corresponds to the
contribution of the nominal exchange rate, as € = %ﬁl When u > %, the
home country currency appreciates (¢ < 1), so that households can afford more
foreign goods. However, when z > 1 households are also less willing to consume
foreign goods, so that in the end the exchange rate effect is ambiguous at first

sight.

4.4 The emergence of EADS

This section focuses on the effect of various exchange rate regimes on the emer-
gence of EADS. In other words, for each exchange rate regime we derive here
the conditions for which dispersion (defined as half of each industry in each
country} becomes unstable.

4.4.1 Dispersion

Dispersion corresponds to half of each industry established in each country. We
note n =n; = n§ =n} = np = 4. Thus both countries are perfectly identical
to each other. This implies that even when flexible, the exchange rate keeps
equal to one, whatever the shock on u (provided the normalisation M = M is
done). Moreover, in this section, we choose for the moment not to consider the
case of an asymmetrically fixed exchange rate regime, focusing only on the case
of a monetary union (noted mu), that of a floating exchange rate regime (noted
fg9), and the benchmark case (noted bk). We therefore have by symmetry:
W, = W, = W} = Wj. Together with equations (4.2.1) and (4.2.8), this
implies that whatever the case considered (be it bk, mu or fg)}, producer prices
and consumer price indexes are equal across industries and across countries. We
nOtBPEPl =P2=Pf=P5 a.ndGEG1=G2=GI=G'§.

Labour employed is derived in the same way as when each industry is concen-
trated in only one country, by using equations (4.2.9), (4.3.13}, (4.2.4), (4.2.7),
and noticing that by symmetry L; = L} for k € {1,2}. We thus reach, whatever
the case considered (be it bk, mu or fg):

L1=L1=Fﬁ(e—1)§%,
21
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H (1 ) 7)
H(3) -

In corder to examine the stability of dispersion, we consider a change in n,,
noted dn, leading to a change in W3, noted dW. Because we do not consider the
case of an asymmetrically fixed exchange rate regime in this section, we have,
by symmetry, dn = dny = —dng = —dn} = dnj and dW = dW| = —dW; =
~dWy = dW3. Dispersion will be an equilibrium, 4.e. it will be stable, if and
only if 9% < 0.

Ly=L}=F3(#-1)

4.4.2 Benchmark case

This case corresponds to V () = 0. By symmetry we have -21 = —%1
——5% i’?ﬁ-andd?c";'- —@1=—-5‘-G—-’~—-5’- WenotedPE—_f,’la.nd
? = %1 Using the producer price equations (4.2.1) and the consumer price
index equations (4.2.8), we easily get 45 and 4§ as functions of 4* and §¥
only (since % =0).

We then differentiate one of the goods market clearing conditions (4.2.9),
noticing that dE; = dE} = 0 for k € {1,2}, because x = } and because
dLy = dL} = 0 for k € {1,2} (due to the zero profit condition (4.3.13)).
This differentiated goods market clearing condition corresponds to a rela.tionsh.ip
between ‘”’ “G and “W, 50 that using the expressions of &5 dP and 4¢ prewously
obtained (as functlons of ‘f;‘ and 4¥) we finally reach:

daw dn
bic _ pbk 7y OT
@ (2) 5 =R”(2)—
where
1-T71-4

z 14+711-¢°

Q*(2)=1+86-1)- - (Z2) 2+~ 1)[“" (o) ﬂ]Z2,

R”“(Z)E(a—'y)(gg—g——l-)z [1+(a ~-7)? ( 91)]2.

4.4.3 Monetary union

ince & 4P _ dP _ _dPp _ _dPf _ dF] 4G — dG
S:nces-;cg]wegetP=P— ~fi——-—PL-—P’- and %F
-4 - ?1 as functions of 4% and $¥ exactly in the same way as in

the benchma.rk case.
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We then differentiate one of the goods market clearing conditions (4.2.9).
This time however, dEy # 0 and dE}, # 0 for k € {1,2}, because dL; +dL; =
—(dL} + dLj} = k(2p — 1), where k depends on d", %"VV—, o, v, @and T, as can
be shown with the help of the other goods market clearing conditions.

We finally reach:

| L A—— )
where

2
Q™ (2)=@* () +2r 0 V2042 [H((I O)§ v (),

[H (1,0

R™(2) = R”"(Z)+2ﬁ(g 1, (1+Z)H( ”
21

Vip).

4.4.4 Floating exchange rate regime

In this case, computations are simplified by the normalisation M = M. We first

use the producer pnce equatlons (4 2.1) and the consumer price index equations

(426)toget L, 85, -;5‘- -753- G, & ‘%iand%iasfunctionsof%,
and f. We then differentiate the goods market clearing conditions to get:

§=k'(1—2y),

where &' depends on 52, 4%, @, v, @ and T. Replacing % by ¥’ (1 — 2p) in
one of the goods market clearing conditions, we finally reach:

dWw

()5 =R () Z

with

H(1,0)
H(3.7)

2
Qf"’(Z)EQ""(Z)*J@(H*I)(l—Z"’)[ ] V(n),

RI%(Z)=R™(2)~ (1- 2% [i((l—?)] Vw.
21
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4.4.5 Break points

This subsection summarizes, interprets and discusses the results obtained above,
from a positive point of view. It can be shown that because V (1) < 1, we have:
YZ € [0,1], Q% (Z) > 0, @™ (Z) > 0 and Qf9(Z) > 0. The sign of &% is
therefore that of RY* (Z), R™ (Z) or Rf9(Z), depending on the case considered.
Dispersion will be sustainable if and only if this sign is negative. The values of T’
strictly higher than one and such that R%* (Z) =0, R™* (Z) =0or Rf¢(Z) =0
are called break points.

There is one and only one Z > 1 solution of the equation R* (Z) = 0,
so that there is one and only one break point, which we note T%* (B), in the
benchmark case:

1
Q+a=7[1+(@=17) (ﬁ'%‘—)]]”r
I-a+)[1-(@-7 (&)

Dispersion is sustainable for all T > T°* (B) and unsustainable for all T <
b (B).

Under a floating exchange rate regime, we find that if V (i) is larger than a
certain threshold value, which we note V;:

% =[] e ()

(e - (S]]

then there is no break point, and dispersion is sustainable for all T > 1. If,
on the contrary, V (u) < V,, there are two break points, which we note 779 (B")
and 779 (B), with T/9 (B') < T/9(B). Dispersion is then sustainable if and
only if T < T/9(B')or T > T79(B).

In the case of a monetary union, we find that if V (u) is larger than a certain
threshold value, which we note Vj:

_ - (=] [1— (a7 (5Y)]

36 (¢57) g

then there is no break point, and dispersion is not sustainable, whatever the
value of T'. If, on the contrary, V (i) < Vj, there is one break point, which we
note T™% (B):

T (B) = [
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7t
(1 +a—7)[1+(@-7) (%)

™ (B) = -
(B) (1—a+'}')[1‘(a—7)(%~'1’]—4ﬂ(!i‘1 glg?'r V)

Moreover, one can show that

T/9(B") < T/9(B) < T™ (B) < T™ (B).

All these results are displayed in figures 4.2, 4.3, 4.4 and 4.5. One can
easily see that V; > 0 and V;, > 0. Depending on the values of parameters.
o, B8,v,0and T, wecan have V;, < o < 3, e < Vo < L, V, < £ < W5,
Vo<t<V,lacVo<Vyord<V<V,. As0< V()< %, we need therefore
to distinguish between four different cases: 0 < V (1) < Min (V.,, Vs, i) (figure
4.2), V, < V () < Min (Vs,}) (figure 4.3), V; < V (1) < Min (V,, 1) (igure
4.4) and Maz (Vo, Vi) < V () < } (figure 4.5).

These results say in substance that the range of parameter T for which
dispersion is an equilibrium (i.e. for which dispersion is stable) is the largest in
the fg case, then in the bk case and finally in the mu case. In other words, a
monetary union tends to favour the emergence of EADS, compared to a floating
exchange rate regime. This result is all the stronger than V (u) is large. When
V (u) reaches the threshold V;, dispersion becomes stable whatever the value of
T under a floating exchange rate regime. When V (i) reaches the threshold V;,
dispersion becomes unstable whatever the value of T within a monetary union.

The mechanism which makes dispersion more unstable within & monetary
union is the same as the one which makes concentration more sustainable within
a monetary union. As countries start becoming specialized, industry-specific
demand shocks start having a country-specific component which cannot be
smoothed by an exchange rate adjustment. Firms of a given industry established
in the country which starts specializing in this industry then benefit from the
conjunction of a substitution effect and an income effect when industry-specific
demand shocks occur. This gives birth to the concentration force mentioned
above in subsection 4.3.6, and explains why T™* (B) is increasing in V ().

Under a floating exchange rate regime, exchange rate variations smooth
asymmetric shocks as soon as countries start becoming specialized, so that this
concentration force does not apply. Instead, the mechanism which makes dis-
persion mote stable under a fioating exchange rate regime is the same as the
one which makes concentration less sustainable under a floating exchange rate
regime. Firms of a given industry have an incentive to locate in the country
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which starts specializing in the other industry, because they then benefit from
the conjunction of two substitution effects: a positive demand shock on their
industry makes households spend relatively more on the goods produced by that
industry, and makes the currency of their country depreciate.

This gives birth to the dispersion force mentioned above in subsection 4.3.6,
and explains why 79 (B) is decreasing in V (). It also explains why dispersion
is stable for T < T/ (B') and why T/¢ (B’) is increasing in V (1z). For low values
of T indeed, backward and forward linkages loose their strength, and so does
the local competition effect, so that the traditional concentration and dispersion
forces are dominated by our new dispersion force, whose existence does not rest
on that of transport costs, and whose strength depends on V (u).

4.4.6 Welfare analysis

This subsection draws some normative implications of the results obtained
above. Using the first-order condition (4.2.4) of the households’ optimization
problem, we can express the utility level IJ as a linear function of consumption
C, itself a function of Cy and C;. The latter are derived by using G1C; =
H (4,0) [naWh Ly + ngWels], GoCo = H (1 — p,0) [naWi Ly + ngWalLs], and
getting G and G2 out of equations (4.2.6) and (4.2.1). Noting that N =
F[l_-hqs%ﬁi]’ we eventnally obtain the utility level I/ as a function of the exoge-
nous parameters:

{7k _(I—A)I“A(ni\)”“'”’ 6 \"¥[ 147-0-n yFED
“wrTNx P} (0-1) [F[1+a(e—1)]] ’

v =8 = Uk out (1 - p)H

dizp disp diap

This implies that Vi, U, < URt = UJS .. Whatever the exchange rate
regime, the presence of industry-specific demand shocks is welfare-improving.
This resuits directly from the consumption basket effect, mentioned in subsec-
tion 4.3.7: the differentiated good which matters less in the utility function (by
definition of an industry-specific demand shock) is less consumed. This effect is
common to both exchange rate regimes considered (mu and fg) and is the only
one at work here, so that UZ}, = U&fiip.

When countries are perfectly diversified (half of each industry in each coun-
try), the exchange rate regime does not matter actually. Indeed, the nominal
exchange rate keeps equal to one under a floating exchange rate regime, and na-

tional money stocks are constant within a monetary union, as countries, being
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perfectly identical to each other, are affected by the industry-specific demand
shock in exactly the same way.
Moreover, one can see that
i+(a-v)
Uk >U%, & 2T >14+T%L
This says that in the absence of shocks, concentration is more desirable than
dispersion for low values of T, and less desirable for high values of T'.

4.5 Conclusion

In his classic contribution, Mundell (1961) examines in & two-country two-
industry framework how exchange rate regimes should ideally be chosen given
countries’ specialization patterns. In this chapter, we inversely consider how
exchange rate regimes influence the location of economic activity and hence
countries’ specialization patterns. To that aim, we introduce industry-specific
demand shocks, in the presence of short-run nominal wage rigidity, into an oth-
erwise canonical New Economic Geography model, that of Fujita, Krugman and
Venables (1999, ch. 16).

Our results suggest that when firms behave as risk-neutral agents, the occur-
rence of industry-specific demand shocks makes the dispersion of each industry
across countries less stable, and the concentration of each industry in one coun-
try more sustainable, within a monetary union than under a floating exchange
rate regime. This is because when industry-specific demand shocks occur within
a monetary union, a new concentration force arises, which stems from the cop-
junction of a substitution effect and an income effect. On the contrary, when
industry-specific demand shocks occur under a floating exchange rate regime, a
new dispersion force arises, which stems from the conjunction of two substitu-
tion effects. Thus, endogenous specialization patterns, and therefore EADS, are
more likely to emerge and be sustained within a monetary union than under a
floating exchange rate regime.

As shown in table 4.2, these results go in the same direction as Krugman'’s
(1991, 1993) predictions in terms of endogenous specialization patterns, even
though the mechanisms involved are very different from one framework to the
other. Our model assumes that firms are risk-neutral and that a floating ex-
change rate regime does smooth asymmetric shocks, a flexible exchange rate
moving endogenously so as to balance international trade!?. On the contrary,

19The latter assumption is, of course, debatable. Flood and Rose {1995, 1999), among
others, argue that exchange rate variations are not driven by fundamentals in the short run,
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Krugman's point rests on risk-adverse firms and exogenous exchange rate varia-
tions. Finally, Ricci’s (1997) model, based on risk-adverse firms and endogenous
exchange rate variations, has opposite implications in terms of endogenous spe-
cialization patterns.

Compared to those predicted by Krugman (1991, 1993) or modelized by Ricei
(1997), the economic mechanisms in force in our chapter seem likely however to
be of second-order importance, so that our results should be taken with caution
and the main virtue of our model may actually be pedagogical. It is worth
noting moreover, and this represents one more reason to water them down, that
our results rest only on the existence of industry-specific demand shocks, that
is to say that other kinds of shocks would have no impact in our framework on |
the location incentives faced by firms?0.

The ultimate success of EMU may well depend upon two things: its exposure
to country-specific shocks, and its ability to cope with them. This chapter argues
that to a certain extent, these two points are not independent from each other,
and that the very vulnerability of EMU to country-specific shocks may reinforce
its susceptibility to such shocks, through a shift in industrial structure towards
greater national specialization. We show however that such an outcome need
not be a cause for concern, as it is not necessarily harmful and in some cases
can actually be welfare-improving,

QOur point may also apply to East Asia, where some countries specialized in
a handful of industries now talk of forming some day a currency union, though
East Asia as a whole cannot be considered as a closed economy. Moreover, cur
analysis has some implications for regions within a country too: as these regions
form a currency union, what we say is that the mere fact that industry-specific
shocks may occur is enough to pave the way for a new concentration force,
which tends to make these regions more specialized. This concentration force is
stronger, the smaller the size of the redistributive budget at the national level:
indeed, a large redistribution between the regions weakens the income effect
mentioned above, thus reducing the incentives for firms of a given industry to
concentrate in the same region.

One extension to our framework would consist in relaxing the “super home

and Canzoneri, Vallés and Viiials {1996} find that exchange rates do not really move to
address international macroeconomic imbalances. As already mentionned in the introduction,
we choose however to assume on the contrary that exchange rates do adjust to fundamentals
80 88 to balance international trade, in order to keep as close as poasible to the OCA literature.

0Following & productivity shock for instance, maintaining the nominal wage rigidity as-
sumption, prices would adjust so as to leave labour employed unchanged even though quan-
tities produced are affected, and this would result in no income effect and no substitution
effect.



ParT II, CHAPTER 4: ENDOGENOUSLY ASYMMETRIC... 187

bias” assumption, and considering IT* as the diversified share portfolio owned
by household i. In that case, for firms to go on behaving as risk-neutral agents
and maximize their expected profits, households must be willing to hold risky
shares, and they are indeed when they can {at least partially) stabilize their total
income by holding shares whose value is negatively correlated to their labour
income?!. Since this hedging requires households to hold foreign shares when
each country is entirely specialized in one industry, we then need to assume that
there is no barrier to international equity trade.

This closer financial market integration can be expected to lead to less na-
tional specialization, as the income effect mentioned above would be smoothed
by households’ portfolio diversification, thus reducing the incentives for firms of
a given industry to concentrate in the same country. These results would thus
oppose those of Kalemli-Ozcan, Sgrensen and Yosha (1999), who argue that
risk-sharing causes specialization. However, as already discussed in the presen-
tation of the model, equity markets may remain segmented for some time to
come within the euro zone, so that relaxing the “super home bias” assumption
does not necessarily correspond to a more accurate and relevant modelization
of European economies.

Another extension would be to allow for the presence of multinational firms
in our framework, using Markusen and Venables® {1995, 1996) technical spec-
ification, which is compatible with our model and can be added without any
difficulty. The existence of multinationals could thus easily be justified along
the lines of the so-called QLI framework (for Ownership, Location and Internal-
ization). The presence of multinationals can be expected to lead to less national
specialization through two channels. One is direct and obvious, as a multins-
tional iz by definition a firm of a given industry settling in both countries. The
other is indirect and based on our results: as a source of closer income linkage
between countries, foreign direct investment should smooth (at least partially)
the income effect mentioned above, and thus reduce the incentives for firms of
a given industry to concentrate in the same country.

Another rationale for the emergence of multinationals would exist if firms
did actually behave as risk-adverse agents, say because of firing, inventory or
bankruptcy costs. Consider indeed the case of a monetary union. If the disap-
pearance of national monetary policies and the fixity of exchange rates imply
non-synchronized cycles for member countries facing asymmetric shocks, then
firms may be more willing to have their activities dispersed in several coun-

21Thig requires some risk-aversion from households. The utility function should therefore
be modified accordingly.
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tries?2. This effect should prevent national economies from becoming too much
specialized within the monetary union.

Finally, we could test the predictions of our model if the data exist, that
is to say examine empirically whether monetary unions tend to lead to more
national specialization than floating exchange rate regimes. The evidence might
be found in the data sets used by Glick and Rose (2001), Rose (2000), Rose and
van Wincoop (2001).

2This concept of “multinationality” as a risk-spreading device is explored at length in
Rugman (1979).



Table 4.1: Ricci’s (1997) and chapter 4’s assumptions.

Ricci (1997) Chapter 4
firms risk-adverse risk-neutral
nominal rigidity price rigidity (ro wages) wage riii rcil(i:tgs§ﬂexible
returns to scale decreasing increasing
intermediate goods absent present
transport costs absent present
shocks demand, supply, monetary, demand shocks

exchange rate shocks




Table 4.2: Assumptions and results of chapter 4 and other close studies.

Endogenous exchange rate

Exogenous exchange rate

Risk-adverse
firms

Ricci’s (1997) case: the
flexible exchange rate
regime favours national
specialization, the fixed
exchange rate regime has
no effect on national
specialization.

Krugman’s (1991, 1993) case: the fixed
exchange rate regime favours national
specialization more than does the
flexible exchange rate regime.

Also Ricci’s (1997) case: the flexible
exchange rate regime favours national
specialization, the fixed exchange rate
regime has no effect on national
specialization.

Risk-neutral
firms

Case of chapter 4. the
fixed exchange rate
regime and the monetary
union favour national
specialization more than
does the flexible exchange
rate regime.

Case a priori amounting to Fujita,
Krugman and Venables’ (1999) : the
exchange rate regime (fixed or flexible)
has no effect on national specialization.
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Figure 4.2: Break points when 0<V()<Min(V,,Vp,'4).
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Figure 4.3: Break points when V, <V(l)<Min(Vy,4).
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Figure 4.4: Break points when Vy <V(U)<Min(V,,%).
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Figure 4.5: Break points when Max(V,,V,)<V{(W)< %.
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General conclusion

What conclusions are to be drawn from our dissertation? On a chapter by chap-
ter basis, table 1 briefly sums up our main findings and derives therefrom the
straightforward implications for economic policy. We do not further comment on
these results, however new and promising, as they have already been discussed
at great length in the chapters. Such a kaleidoscopic view of our dissertation
would moreover prove inopportune in this general conclusion. Instead, we focus
on the general lessons to be drawn from our dissertation.

This dissertation has thrown a new light on the links between macroeconomic
volatility, macroeconomic instability and the exchange rate regime, both from
a positive point of view and from a normative point of view. It has notably
clarified the form which macroeconomic volatility could take in a small open
economy New Keynesian framework, both theoretically and empirically, under
alternative exchange rate regimes. But perhaps most importantly of all, it has
unveiled unknown sources of and proposed new remedies to macroeconomic
instability under alternative exchange rate regimes - and here may lie our most
significant original contibution to the existing literature.

These newly identified sources of and remedies to macroeconomic instabil-
ity are presented in table 2. Although their nature may substantially differ
from one chapter to the other, all these sources and remedies are inextricably
linked to the exchange rate regime. Table 3 displays the resulting short-run
macroeconomic instability, with or without remedy administered, and table 4
similarly displays the long-run macroeconomic instability, as well as the short-
run macroeconomic instability under an irrevocably fixed exchange rate regime,
both without remedy administered!. Note that there is usually no miracle rem-
edy to macroeconomic instability. As indicated in table 3 indeed, the praposed
remedies will often simply reduce the set of multiple equilibria, rather than

1The remedies to long-run macroeconomic instability, or to short-run macroeconomic in-
stability under an irrevocable exchange rate regime, are not considered in table 4 simply
because their implementation raises practical difficulties, as they correspond to structural
policies.
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completely eliminate the possibility of multiple equilibria.

Let us end our dissertation with a few considerations on the optimal exchange
rate regime. Indeed, whether optimal or not, monetary policy has been consid-
ered throughout this dissertation as a policy conditional on the exchange rate
regime in force. But we can naturally address the issue (situated upstream) of
the optimal exchange rate regime. This optimal exchange rate regime is defined
as the one which maximizes household welfare or minimizes the government’s
loss function, and corresponds more or less to the one associated with the lowest
ez post macroeconomic volatility and instability.

Table 5 ranks the exchange rate regimes according to ez post macroeco-
nomic volatility, conditionally either on the absence of ex post macroeconomic
instability, or on the comparability of the sets of multiple equilibria considered.
Naturally, the flexible exchange rate regime with commitment comes out first
in all but one case?, because the central bank has then full freedom to react
to the fundamental shocks. The two fixed exchange rate regimes are usually
placed equal, as they entail the same ex post macroeconomic volatility. It is
worth noting moreover that they can be preferable to the flexible exchange rate
regime without commitment. All these results displayed in table 5 are more or
less in accordance with conventional wisdom.

Table 6 ranks the exchange rate regimes according to ez post macroeco-
nomic instability. The novelty lies here both in the principle and in the results
of this ranking. In the principle, because to our knowledge such a ranking has
never been carried out in the literature. In the results, because this ranking
brings back the irrevocably fixed exchange rate regime into favour. Indeed, this
regime now comes out first in all cases but one, which ranks it ahead of the
flexible exchange rate regime with commitment. The fixed but adjustable ex-
change rate regime comes out last in all cases, while the two flexible exchange
rate regimes are placed equal in-between the two fixed exchange rate regimes.

The irrevocable exchange rate regime, whether a monetary union or a “dol-
larization” , is ranked first according to ex post macroeconomic instability thanks
to its ability to anchor the private agents’ expectations. In the small open econ-
omy New Keynesian framework, this property ensures that divergent equilibria
are ruled out a priori under an irrevocable exchange rate regime, because the
private agents know that there will be no naticnal central bank to react to these
divergent equilibria. Under a flexible exchange rate regime, divergent equilibria
may oceur by contrast if the monetary policy rule followed does not rule them

2The only exception concerns chapter 4, in the special case where macroeconomic volatility
actually happens to be welfare-improving.
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out, and annoyingly enough, monetary policy rules ruling out divergent equi-
libria may actually not exist under some specifications. The only case where
the flexible exchange rate regime is preferable to the irrevocable exchange rate
regime, as far as exr post macroeconomic instability is concerned, is the case
where an adequate monetary policy rule can be found which rules out multiple
equilibria under the fexible exchange rate regime, be they convergent or diver-
gent, while the irrevocable exchange rate regime proves compatible with more
than one convergent equilibrium.

Our final thoughts will be directed towards the European Monetary Union
(EMU). Where do we stand altogether on the question of EMU’s desirability?
Before everything, note that our dissertation mainly focuses on what is usually
considered as the adjustment costs associated with the Euro. In other words,
our operative field excludes what is usually considered as the struetural benefits
associated with the Furo. If anything, our dissertation will therefore tend to
offer a biased eurcsceptic point of view. That said, we actually prove rather
in favour of EMU. Indeed, although we acknowledge the possibility that EMU
might endogenously favour asymmetric shocks and thus raise macroeconomic
volatility in the long term, we argue that such an outcome may not be necessarily
welfare-decreasing. And as far as EMU’s short-term effects are concerned, we
do certainly advocate EMU against the alternative of some kind of European
Monetary System (EMS), which we view as fundamentally unstable. Against
the alternative of a flexible exchange rate regime, no clear-cut (unconditionally
settled) conclusion emerges though, and we simply recommend to take a closer
look country by country on what would become not only of macroeconomic
volatility, but also of macroeconomic instability under EMU-membership. The
die is cast for twelve countries, but it is now Denmark, Sweden and the UK’s
turn to decide whether to adopt the Euro or not. We but wish them a sound
debate about the economics of EMU prior to their decision. In this respect, the
recent release of eighteen high-quality so-called EMU studies by HM Treasury
gives ground for optimism.
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Summary - The present PhDD dissertation is made of FOUR ESSAYS shedding a new light on
the links between macrosconomic volatility, macroeconomic instability and the exchange rate
regime. Macroeconcmic volatility and instability are defined as the variability of key
macroeconomic aggregates due to the occurrence of fundamental and sunspot shocks
respectively. In other words, macroeconomic volatility concerns a given equilibrium, while
macroeconomic instability arises in the presence of muliiple equilibria. Three main exchange
rate regimes are considered alternatively: the flexible, the fixed but adjustable and the
irrevocably fixed exchange rate regimes. The FIRST ESSAY characterizes analytically, within
the canonical New Xeynesian model of 2 small open economy under alternative exchange rate
regimes, the set of monetary policy rules which ensure the implementation of the optimal
equilibrium by eliminating macroeconomic instability and minimizing macroeconomic
volatility. The SECOND ESSAY proposes a simulation of the UK business cycle under EMU-
membership, based on the predictions of a New Keynesian model estimated on pre-EMU data.
The results suggest that the euroized UK would escape macroeconomic instability but
experience a higher macroeconomic volatility. The THIRD ESSAY builds a three-country
second-generation currency crises model based on the New Open Economy Macroeconomics
literature. International coordination and cooperation are found to reduce macroeconomic
instability by eliminating the possibility of seif-fulfilling expectations of currency crises. The
FOURTH ESSAY presents a two-country modef based on the New Open Economy
Macroeconomics and the New Economic Geography literatures. The fixed exchange rate
regimes are found to be more likely than the flexible exchange rate regime to raise
macroeconomic volatility in the long term by giving rise to endogenously asymmetric demand
shock. Altogether, this dissertation points to the flexible and to the irrevocably fixed exchange
rate regimes as the ones associated with the lowest macroeconomic volatility and instability
respectively. Keywords - Macroeconomic volatility, macroeconomic instability, exchange rate
regime.

Titre - Quatre essais sur la volatilité et l'instabilité macroéconomiques sous différents régimes
de change. Résumé — Cette thése est composée de QUATRE ESSAIS éclairant d'un jour
nouveau les relations entre volatilité macroéconomique, instabilité macroéconomique et régime
de change. La volatilité et l'instabilité macroéconomiques sont définies comme la variabilité
d'agrégats macroéconomiques clefs due a l'occurrence de chocs fondamentaux et de chocs
sunspot respectivement. En d'autres termes, la volatilité macroéconomique concerne un
équilibre donné, tandis que linstabilité macroéconomique apparait en présence d'équilibres
multiples. Trois principaux régimes de change sont considérés alternativement: les régimes de
change flexible, fixe mais ajustable et irrévocablement fixe. Le PREMIER ESSAI caractérise
analytiguement, dans le cadre du modéle nouveau-keynésien canonique d'une petite économie
ouverte sous différents régimes de change, l'ensemble des régles de politique monétaire qui
assurent l'implémentation de I'équilibre optimal en éliminant l'instabilité et en minimisant la
volatilité macroéconomiques. Le DEUXIEME ESSAI propose ume simulation du cycle
macroéconomique du Royaume-Uni en Eurozone, basée sur les prédictions d'un modéle
nouveau-keynésien estimé sur données pré-Euro. Les résultats suggérent que le Royaume-Uni
euroisé échapperait a l'instabilité macroéconomique, mais ferait I'expérience d'une volatilité
macroéconomique accrue. Le TROISIEME ESSAI construit un modéle de crises de change de
seconde génération a trois pays basé sur la littérature de New Open Economy
Macroeconomics. La coordination et la coopération internationales y réduisent l'instabilité
macroéconomique en éliminant la possibilité d'anticipations auto-réalisatrices de crises de
change. Le QUATRIEME ESSAI présente un modéle  dewx pays basé sur les littératures de
New Open Economy Macroeconomics et de New Economic Geography. Les régimes de
change fixe y sont davantage susceptibles que le régime de change flexible d'augmenter la
volatilité macroéconomique dans le long terme en donnant naissance a des chocs de demande
endogénement asymétrigues. Au final, cette thése fait apparaitre les régimes de change flexible
et irrévocablement fixe comme cewx associés aux moindres volatilité et instabilité
macroéconomiques respectivement. Moets-clefs - Volatilité macroéconomique, instabilité
macroéconomique, régime de change.






