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Résuméenfrançais

Lathéorienéoclassiquepostulequelorsquelesmarchésfinancierssontparfai-

tementefficients,leprixdechaqueactifreflètelesfondamentauxéconomiques

quiluisontsous-jacents.L’observationdesmarchésfinanciersacependantmontré

defaçonassezconvaincantepourfaireconsensusquelelienentrel’évolutiondes

fondamentauxéconomiquesetdesmarchésdevientparfoispluslâche.

Cettedéconnexionestparticulièrementvisiblelorsdescrisesfinancières.Durant

lacrisedessubprimesparexemple,unchocfondamentalsurlemarchédesCDO,

quireprésentaitautourde640milliardsdedollarsen2007,aoccasionnépour

lesseulsménagesaméricainsunepertetotalederichessefinancièreévaluéeà8.6

trillionsdedollarssurl’année2008(Cordelletal.,2012,IMF,2009).Lesmarchés

financierseux-mêmesontdoncdiffuséetamplifiélechocinitial.

Cetravaildethèseétudielesstratégiesdesinvestisseursetleursinteractionspour

tenterdecomprendreunepartiedesdynamiquesnon-fondamentalesàl’œuvreau

seindusystèmefinancier.Ils’inscritdansl’approche“endogène”del’évolution

duprixdesactifsfinanciers,quipostulequ’unchocpeutavoir,dansunsystème

interconnectécomplexe,deseffetsdifférentsselonlescontraintespesantsurles

investisseurs,leurpsychologie,etlesrèglesd’investissementqu’ilssuivent.

Nousconsidéronsdifférentesstratégiesd’investissementparmilesplusrépandues
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surlesdiversmarchésfinanciersetanalysonsthéoriquementouempiriquement

comment,parlejeudesinterdépendancesetdesdynamiquesinduites,laqualité

intrinsèquedel’actifpeuts’effacerdevantlesvariationsdeprixendogènes.

Lechapitre1s’attacheàladiversificationdeportefeuille,stratégievisantà

réduirelerisqueindividuelparladétentiondeplusieurstitresnonparfaitement

corrélés.Nousmontronsautraversd’unmodèlethéoriquequeladiversification,

parl’interdépendancequ’ellecréeentrelesinvestisseursetentrelestitres,induit

desmécanismesdepropagationdeschocsfondamentauxquipeuventserévéler

dangereuxd’unpointdevuesystémique.Nousmesuronslesdeuxeffets–réduction

durisqueindividuelvsaugmentationdurisquesystémique-afindediscuterdela

désirabilitéglobaledeladiversification.

Ledeuxièmechapitreconsidèrelesstratégiesd’investissementbaséessurle

“style-investing”,c’est-à-direlegroupement,endifférentesclassesou“styles”,de

titresfinancierspartageantdescaractéristiquescommunes.Nouspostulonsque

cesstratégiescréentunco-mouvementexcessifentretitresd’unmêmestyle,qui

vontêtrevendusetachetésensemble.Appliquantcetteintuitionauxobligationsen

considérantlesnotesdesagencesentantquestyles,nousmontronsempiriquement

qu’uneobligationquichangedenotesemeteneffetàvariercommesanouvelle

note,mêmequandlesfondamentauxéconomiquesnelejustifientpas.

Dansletroisièmechapitrenousétudionscomments’imbriquentlesstratégies

detroistypesd’investisseursopérantsurlemarchédeschanges:lescarrytra-

ders,leschartistesetlesfondamentalistes1.Notremodèlethéoriquesuggèreque

1.Lastratégieducarrytradeconsisteàemprunterdansdesdevisesàtauxbaspourprêter
dansdesdevisesàtauxhauts.Celledeschartistesestbaséesurl’achatdesmonnaiesquisesont
récemmentappréciéesetlaventedecellesquisesontdépréciées.Enfinl’approchefondamentaliste
consisteàacheter(ouvendre)lesdevisesconsidéréescommesous-évaluées(ousur-évaluées)par
rapportàleurvaleurfondamentale.
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l’interactionentrecestroisrèglesd’investissementpeutexpliquerladéconnexion

biendocumentéeentreletauxdechangeetsavaleurfondamentale(Meeseand

Rogoff,1983; Mark,1995),etprovoqueruneffondrementendogènedestauxde

change.

Ladéconnexionentreleprixd’unactifetsavaleurfondamentaleasuscitéde

nombreusesthéories,allantdes“espritsanimaux”évoquésparKeynesdès1936au

modèlesdebullesrationelles.Ainsiilexistedenombreusessourcesdemouvement

endogènedeprix.Deplus,ilestdifficilededissocierlescomposantesfondamentales

etnon-fondamentalesdanslesvariationsréellesduprixd’unactif,aucunedesdeux

n’étantisolémentmesurable.

Cetteréalitérenddifficilel’étudedes“mouvementsnon-fondamentaux”dans

uneapprocheglobaleetsystématique.C’estpourquoilebutdecettethèseest

plusmodestementdepouvoircaractériserdesdynamiquesendogènesémergeant

dansuncadredonné.

Pourcela,nousnousappuyonsdansleschapitres1et3surdesmodèlesthéo-

riques.Nouschoisissonsdenepasaborderlesujetvasteetcomplexedelapsy-

chologiedesinvestisseurs,ennousconcentrantsurlamécaniquedesrèglesd’in-

vestissementusuellesetdescontraintesdeliquidité.Cescontraintespermettentde

modéliserdesréponsesautomatiquesetinéluctablesqui,toutenreprésentantune

sourceimportantedevariationendogènedeprix,peuventêtreaisémentidentifiées

etformalisées.

Danslechapitre2quiestdenatureempirique,nousélaboronsunestraté-

gied’estimationconsistantàidentifierdeschangementsdenotespourlesquels

style-investingetfondamentauxéconomiquesontdesimplicationsdifférentessur

leco-mouvement.Ainsipourceschangements,uneévolutionduco-mouvement
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conformeauxprédictionsdu“styleinvesting”,dominantcellesdesfondamentaux,

révèlelaprésencedeco-mouvementendogène.

Lebutfinaldecettethèseestdepouvoiridentifierex-antecertainessituations

danslesquelleslerisqueendogènesembles’accumuler,conditionnécessairepour

élaborerdesrèglesprudentielles.Ceteffortplacenotretravaildanslechampd’une

littératureenpleinessor,dontShin,Adrian,ouBrunnermeiersontparmilesprin-

cipauxcontributeurs.Nousproposonsdanscequisuituncourtrésumédechaque

chapitre.

Chapitre1

Lesstratégiesdediversificationdeportefeuille,siellessontoptimalesauniveau

individuel,créentdesliensentretitresetinvestisseursquipeuventêtrevecteurs

decontagionsurlesmarchés.Danscechapitrenousmesuronsl’ampleurdecette

externalitédecontagionetlesimplicationsqu’ellepeutavoirsurladésirabilitéde

ladiversificationd’unpointdevuesystémique.

NousproposonsunmodèlethéoriquedanslequelNinvestisseurspossèdentcha-

cunntitres,etsontforcésdevendredestitresenréponseàdeschocsnégatifssur

leurrichesse.Lesinvestisseurssontsujetsàunbiaisdomestique:chacundétient

enprioritédestitresquiluisontprochesdansleréseaufinancier.Considéronspar

exempleunmarchéde5investisseursdiversifiésàhauteurde2(N=5etn=2).

Dansnotremodèlel’investisseur1vadétenirlestitresi=1eti=2tandisque

I=2vadéteniri=2eti=3. Mathématiquementleréseaupeutêtredéfini

commececi:

xvi



A=






1 1 0 0 0

0 1 1 0 0

0 0 1 1 0

0 0 0 1 1

1 0 0 0 1






oùchaquelignereprésenteuninvestisseuretchaquecolonneuntitre.

Lemodèleétudielapropagationd’unchocexogènedansceréseau.Enpré-

multipliantlamatriceAparunvecteurdechocssurlesprixàlapériodet-1,noté

Pt−1,onobtientlevecteurdespertestotalesparinvestisseursurlapériode.Sous

l’hypothèsequelesventesdesinvestisseurssontunefonctionlinéairedelaperte

qu’ilssubissent,laréponseentermedeventeauxchocs Pt−1peutêtreexprimée

comme Qltt=
r
n2
AA Pt−1,oùrestunparamètrereprésentantlaréponseen

termesdeventesàunepertedonnée,liéàlacontrainterégulatoire.Cesventesvont

ànouveaufairebaisserlesprix,générantunrelationderécurrenceentre Pt−1

et Pt.Pourunchocdonnéàt=0nousobtenonslesystèmesuivant:

=⇒ Pt=[(
r/h

n2
)AA]t P0

oùhtraduitlafacilitéaveclaquellecesventesserontabsorbéesparlemarché.

Decettedynamiquedesprixondéduitl’expressionduvecteurdespertestotales

parinvestisseur:

I=
1

n
A
t=+∞

t=0

[(
r/h

n2
)AA]t P0

Apartirdecetteexpressionnousapprofondissonsdeuxpoints.

Premièrement,nousrésolvonslesystèmepourobtenirlesexpressionsanalytiques
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desmatricesdecovarianceentreinvestisseursetentretitres.Ellesmontrentune

dépendanceàdesvariablestellesqueledegrédecomplétudedesmarchésetson

aversionaurisque.Cescovariancestraduisentl’apparitiondeliensendogènes,alors

quelestitresétaientfondamentalementindépendantsàl’origine.Mathématique-

mentlasolutionanalytiques’appuiesurlefaitqueAestunematricecirculante,

cequiluiconfèredepuissantespropriétés.

Ensecondlieu,nousétudionsl’impacttotaldeladiversificationsurlerisquesys-

témiqueenobservantlaprobabilitéqu’unnombreηd’investisseursfassentfaillite,

c’est-à-diresubissentunepertetotalesurleurportefeuilleexcédantleurcapitalK.

CetteprobabilitépeutêtreobtenueenutilisantlefaitquelevecteurIestnormale-

mentdistribué.Onobtientlerésultatsuivant:quandleniveaudediversificationn

augmente,laprobabilitéqu’aucuninvestisseurnefassefailliteaugmente,maisla

probabilitéqu’unlargenombred’investisseurschutentsimultanémentaugmente

aussi.Ainsi,enprenantencomptelecoûtextrêmementimportantdesfaillites

massives,ladésirabilitédeladiversificationpeutêtreremiseenquestion.

Cependant,cetteconclusionchangesil’onprendencomptelapossibilitéde

“panique”,c’est-à-direderéponsesnon-linéairesdesinvestisseursauxchocs.Les

niveauxdediversificationintermédiairess’avèrentalorsl’optionlamoinsdésirable:

ilscréentdesliensentreinvestisseursquisontvecteursdecontagion,sanstoutefois

allerassezloindanslaminimisationdurisqueauniveauindividuel.Lesniveaux

élevésdediversificationdeviennentlameilleureoptionpourlaplupartdesvaleurs

desparamètres.Cecisuggèrel’existenced’unseuilàpartirduquelladiversification

devientpositivesansambigüité.

Lechapitre2vacreuserl’idéedecorrélationsendogènesquenousavonscom-

mencéàaborder.
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Chapitre2

Pourréduirelacomplexitéduproblèmed’allocationdeportefeuilleetlecoûtde

lacollected’informationsurchaquetitre,lesinvestisseursonttendanceàadopter

desstratégiesde“styleinvesting”quilesamènentàacheteretvendreensemble

lestitresd’unemêmeclasse,créantainsiunco-mouvementdéconnectédeleur

valeurfondamentale.Cechapitremontreempiriquementl’existenced’untelco-

mouvementautourdecequiconstituesansdoutelaplussuiviedesclassifications

surlemarchéfinancier:leregroupementdesobligationsenfonctiondeleurnota-

tionparlesagences.

Pourmesurercerôledesnotes,nousestimonsl’impactd’unchangementdenote

surleco-mouvementdel’obligationavecl’indexqu’ellerejoint,etceluiqu’elle

quitte.Larégressionsuivanteestmenée5moisavantchangementpuis5mois

aprèslechangement:

Ri,t=αi+βi,IRI,t+βi,IRI,t

oùRi,t,RI,tetRI,treprésententladifférencepremièredel’écartderendement

parrapportaubonsdutrésoraméricainspourl’obligationi,etlesdeuxindexI

etI’.Nousnotonŝβetβ̂∗lesbêtaspréetpostchangement.L’évolutiondansla

valeurdubêtadel’indexIdanslarégressionaprèsunchangementdenoteest

doncdonnéepar β
i=β̂i,I

∗
−β̂i,I,quiconstituenotreindicateurdel’évolutiondu

co-mouvemententrel’obligationietl’indexI.

Dupointdevuedustyle-investing,l’obligationdontlanoteachangédevrait

commenceràêtreéchangéeauseindesonnouvelindex,etcesserdel’êtreavec

l’indexquitté.Elledevraitdoncvoirsonbêtaaugmenteravecl’indexjoint,et
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baisseravecceluiquitté: β
i,in= β̂i,I

∗
−β̂i,I >0,et

β
i,out= β̂i,I

∗
−β̂i,I<

0.Ladifficultéempiriqueestqu’ilyadeuxraisonsquipeuventexpliquerune

telleévolution:lestyle-investing,etlefaitqu’unchangementdenotetraduitun

changementdanslacaractéristiquefondamentaledutitre.

Pourdissocierlesdeuxinfluences,nousidentifionsdeschangementsdenote

pourlesquelscesdeuxsourcesdevariationpoussentensenscontraire.Deuxtests

sontmisenplacepourdistinguerlesdeuxeffets,l’unbasésurunchangement

quelconquedenote,l’autresurlebasculemententrelacatégorie”investissement”

(note≥BBB-)etlacatégorie“highyield”(spéculatif:note≤BB+).

Lapremiertests’appuiesurlefaitque,dansunmodèledefacteurgénéraliste,

untitreplusmalclasséestconsidérécommeplusrisqué,etréagitdoncdavantage

auxfacteursderisqueglobaux.Ildoitdoncavoirunbêtademarchéplusfort,

cequiimpliqueunplusfortbêtaavecn’importequelindexqu’untitremieux

noté.Ainsid’unpointdevuefondamental,lebêtad’uneobligationdégradéedoit

augmenter,avecl’ensemblequ’ilquittecommeavecceluiqu’ilrejoint.Delamême

façonuneobligationquiaété“upgradée”devraitvoirsonbêtaaveclesdeuxindex

baisser.

Combinantcesprédictionsaveccelledel’investissementparclasse,nousobte-

nonsletableausuivant

downgrade upgrade

avecindexjoint f>0, s>0 f<0, s>0

avecindexquitté f>0, s<0 f<0, s<0

Dansdeuxcas,fondamentauxetstyle-investissementontdesimplicationsop-

posées.Notrepremiertestportedoncsurlesignedeβ̂i,I
∗
−β̂i,Ipourcesdeux

cas.Sicelui-ciestconformeausigneattendudelacomposante smalgrél’in-
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fluencecontrairede f,alorsnouspouvonsconclureàunimpactsignificatifde

l’investissentparstyle.

Nousconcluonseneffetàunrejetdel’hypothèsenulled’absenced’effetpourle

premiertest.

Lesecondtestseconcentresurunchangementdenoteparticulier:lebascule-

mententreBBB-etBB+,frontièreimportantedanslapsychologiedemarchéentre

les“investmentgrades”et“high-yield”,obligationsspéculatives.Sicettepartition

endeuxgrandsensemblesestutiliséedanslecadredel’investissementparclasse,

alorsonpeuts’attendreàobserverunpremiumdeco-mouvemententretitresà

ceniveau.UneobligationpassantparexempledeBB+àBBB-devraitsubirun

changementdebêtaplusfortquelesautres,puisqueellevaperdrelepremiumde

co-mouvementqu’elleavaitaveclestitresnotésBB+,maiségalementlepremium

qu’elleavaitavecl’ensemblepluslargedu“investmentgrade”.

Ainsinotredeuxièmetestportesurlesignedeladifférenceentreleschangements

debêtasobservéspourlesmouvementsentreBBB-etBB+etlamoyenne.Ilne

permetpasderejeterl’hypothèsenulle.Cetteabsencederésultatposequestion

etnousconduitàexplorerplusàfondlesmouvementsautourdecettefrontière.

Nousmontronscesmouvementsonteneffetunstatutparticulier.

D’abord,lestitrespassantdeBBB-àBB+voientleurbêtaparrapportaumar-

chéaugmenterplusquelamoyenne,phénomènesurprenantcarcesmouvements

n’onthistoriquementpasunimpactplusimportantquelesautressurlaprobabilité

dedéfautdel’emprunteur.Ainsilemarchésemblesanctionner(oupromouvoir)les

titrespassantdeBBB-àBB+(oudeBB+aBBB-)avecunesévéritéparticulière,

sansraisonfondamentale.

Parailleursilsemblequel’investissementparstyleexpliqueuneportionmoindre
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del’évolutiondesrendementspourlestitresavecdesnotesmoyennes:leR2d’une

régressiondurendementd’uneobligationsurceluidesonindexestplushautpour

lestitresayantdesnotestrèshautesoutrèsbasses.Danslecasdesobligationsà

notebasse,cecipeuts’expliquerparlefaitquelesfirmesquiémettentsontsouvent

pluspetitesetmoinsconnues,detellesortequelesinvestisseurssefientplusaux

notesencequilesconcerne.Pourlesnoteshautes,cecipeutpeut-êtres’expliquer

pardesconsidérationsrégulatoires,quiincitentlesinvestisseursàpenserplusen

termedenotesquedetitresindividuels.

Danslechapitre3nousdélaissonslanotiondeco-mouvementoudecovariance

endogènes,seconcentrantsurcellederisqueendogène.

Chapitre3

Onexaminedanscechapitrelapossibilitéquelesstratégiesd’investissement

utiliséessurlemarchédeschangesexpliquentladéconnexionentretauxdechange

etfondamentauxéconomiques(MeeseetRogoff,1983;Mark,1995).Plusparticu-

lièrement,ons’intéresseiciàlapossibilitéquelastructuredumarchédeschanges

puissecauseruneffondrementdesmonnaiesàforttauxd’intérêt,etcemêmedans

uncadrederelativestabilitédesgrandindicateursmacroéconomiques.

Nousprésentonsunmodèledanslequels’imbriquentlesstratégiesdetroistypes

d’investisseursopérantsurlemarchéForex:les“carrytraders”,lesfondamenta-

listesetleschartistes.Cesinvestisseurs,basésdansuneéconomielargeetdéve-

loppéeàtauxd’intérêtfaible,peuventprendredespositionssoitdansleurpropre

monnaie,soitdanscelled’unpaysBpluspetitoumoinsdéveloppé,àforttaux

d’intérêt.Lademandeémanantdesinvestisseursvaimpacterlavaleurdelamon-

naiedeB.
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Lescarrytraderssontsoumisàunecontraintedeliquiditéquenousmodélisons

suivantShin(2010)par:

q°t=
1+LRc,t−1
1+Rc,t−1

q°t−1

oùq°treprésentelademanded’obligationsdupaysBparlescarrytraders.Rc,t−1

représenteledifférentieldetauxentrelesdeuxpaysentret-1ett,etLreprésente

l’effetdeleviermaximumautoriséparl’autoritérégulatrice.Cettecontrainteva

êtregénératricedepro-cyclicité:toutgainencapitalréaliséàlapériodetva

permettreaucarrytraderdefinancerdenouvellespositionsàt+1,etcetantqu’il

n’apasatteintsonallocationoptimale.

Pourleschartistesetlesfondamentalistesnoustraduisonssousuneformesimpli-

fiéelesrèglesd’investissementobservéesconcrètementsurlemarchédeschanges.

Néanmoinsnousimposonsquecesrèglessoientprofitables.Lademandedeschar-

tistesestdécritepar:

qm,t=
MA(S)x

β+αVar(S)x

oùMA(S)xetVar(S)xreprésententlamoyenneetvariancedesévolutions

dutauxdechangesurlesxpériodesprécédentes,etαetβsontdesconstantes.

Cetteexpressiondécritlastratégiesuivante:leschartistesachètentunedevisesi

elles’estrécemmentappréciée,oulavendentsielleabaissé.

Lademandedesfondamentalistesestmodéliséepar:

q∗f,t=
Φ(sign(F−St)=sign(MA(S)x))×(F−St)

b

xxiii
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où(F−St)représenteladistanceactuelleentreletauxdechangeStetsavaleur

fondamentaleF,pondéréeparΦ(sign(F−St)=sign(MA(S)x)),laprobabilité

estiméeparlefondamentalistequeletauxdechangetendeactuellementversles

fondamentaux.Lesfondamentalistesvontdoncacheterlesdevises“sous-évaluées”

etvendreles“surévaluées”,enprenantdespositionspluslargess’ilsestiment

quelemarchévaprochainemententrerdansunephasedeconvergenceversles

fondamentaux.

Cecadreformeunmodèlenon-linéaire,quel’onsimuled’aborddanssaver-

siondéterministe,puisenintroduisantdeschocsstochastiques.Lessimulations

montrentquel’interactionentreles3agentsentrainecommeattenduunedécon-

nexiondutauxdechangeparrapportàsavaleurfondamentaleF,maiségalement

unrisqued’effondrementdutauxdechangedespaysàtauxd’intérêtfort,enac-

cordaveclestravauxdeBrunnermieretal.(2009).

Ladynamiqueestlasuivante:lescarrytradersdéplacentleurcapitalversles

paysàtauxfort,maiscedéplacementestlentdufaitdelacontraintedeliquidité.

Ceprocessusinduitunetendanced’appréciationdelamonnaiedupaysB,tendance

quivaêtresaisieetamplifiéeparleschartistes.Maiscetteappréciationvafinir

pars’essoufflersousl’influencedesfondamentalistes,etdufaitquedeplusen

plusdecarrytradersatteignentlespositionsvisées.Cetessoufflementconduitles

chartistesàsedéfairedeleurspositionsd’achat.Lesfondamentalistesintensifient

alorsleuraction,convaincusqu’uneconvergenceverslesfondamentauxs’opère.

Lesventescombinéesdecesdeuxagentsinduisentunebaissesignificativedutaux

dechange.L’effondrementapparaîtlorsquecettebaisseestsuffisantepourtoucher

lacontraintedeliquiditédescarrytraders,entrainantdes“appelsdemarge”qui

lesforcentàliquiderleurspositions.
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Dansle modèlelarelationentrelacontraintedeliquiditéetlerisqued’ef-

fondrementestnon-linéaire.Lorsquelescarrytraderssonttrèscontraintsilsne

parviennentpasàinstaurerunetendancedurabled’appréciation,cequidefaitem-

pêcheunécroulement.Lorsquelacontraintenesaturepas,enrevanche,lescarry

traderspeuventimmédiatementdéplacerautantdecapitalqu’ilslesouhaitent,

enaccordaveclesprédictionsd’unmarchéparfaitementefficient.Lesniveauxde

contrainteintermédiairesapparaissentuneoptionrisquée:ilspermettentassezde

mobilitéducapitalpourgénérerunetendanced’appréciation,toutenlaissantles

carrytradersexposésauxappelsdemarge.

Lesdynamiquesgénéréesparlemodèlepeuventaussiexpliquerenpartiecertains

“puzzles”observéssurlemarchédeschanges,telsquelesprofitsditsexcessifs

descarrytradersetdeschartistes,ouladéconnexionentretauxdeschangeet

fondamentauxsurlecourtetmoyenterme.

Surlepremierpoint,nousconstatonsque,dansnotrecadrethéorique,chartistes

andcarrytradersgénèrenttousdeuxd’importantsprofits.Danslecasdescarry

traders,cesprofitsparaissentunerémunérationlégitime:cesagentssonttrès

exposésaurisqued’effondrement,notammentdufaitdeleurutilisationdel’effet

delevier.Enrevanchelaperformancedeschartistesrestebonnemêmeentemps

decrise.CescaractéristiquessontenaccordaveclestravauxempiriquedeDarvas

(2009)surlaperformancedesstratégiesdecarrytradeàforteffetdelevier,etde

Menkhoffetal.(2012)surlaforterésistancedeschartistesentempsdecrise.

Pourexaminerlaquestiondeladéconnexion,noussimulons10000dynamiques

pourlavaleurfondamentaledutauxdechangeF,dontnoustironsles10000

dynamiquesdetauxchangeassociéesvianotremodèle.LelienentreFetStqui

s’endéduitestenaccordaveclalittératureempiriquesurlesujet.Enparticulier,
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Résuméenfrançais

lesdéviationsdutauxdechangeparrapportàsavaleurfondamentales’éteignent

àunrythmecohérentaveclesinfluentstravauxdeMark(1995).

Ainsichaquechapitredécrituncomportementetlesmouvementsdeprixendo-

gènesqu’ilgénère.Cettestructureserefètedanslestitresquenousdonnonsaux

toisparties:diversificationetrisquesystémique,style-investingetco-mouvement,

etenfinstratégiessurlemarchédeschangesetrisqued’effondrement.
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Generalintroduction

Generalmotivationofthethesis

LastyearIwentwakeboarding,atypeof“snowboardingonwater”.Thewake-

boardersweredraggedbyamachinesimilartoaski-tow,andcouldgoaround

thelakeforaslongastheywanted.Inthemorningthe“wakeboardmarket”ran

smoothly,butintheafternoonmorepeoplearrived,whichledtoasizablequeue.

Thisincreasedthecostofarunintermsofwaitingtime,whichtriggeredtwore-

sponsesbytheparticipants.First,peoplestartedtostayonthewakeboardmuch

longertocompensateforthecost.Second,beginnersstoppedtryingbecausethey

tendtofallinstantlywhentakingoff,sothatthequeuebecamecomposedonlyof

skillfulwakeboarderswhoareabletostaylonger.

Bothresponsesthusledtoariseintheaveragewaitingtimebetweentwopeo-

ple2.Thequeuethenhadadirectimpactonthewaitingtimethroughthenumber

ofpeoplequeuing,andthisindirectone,bothmutuallyreinforcing. Theinitial

increaseinpeoplequeuingwasexogenous,butitsimpactwaspotentiallyaggra-

vatedbytheendogenousresponseoftheparticipantsofthewakeboardmarket,

2.Thoughtheimpactofbeginnersbeingdrivenoutisambiguousbecausethisresponsealso
hadapositiveimpactbyreducingthesizeofthequeue.
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Generalintroduction

eventhoughinthiscasethoseresponseswereperfectlyrational.

Similarsituationscanariseinthefinancialmarkets.Investorssometimesre-

spondtoexogenousshocksinwaysthatmayultimatelymagnifytheirimpact,

sometimesmuchbeyondtheinitialshockitself.Considerthesubprimecrisisfor

instance:ashockintheCDOmarket,whichamountedto641billiondollarscom-

ingintothecrisis,eventuallyleadtoatotalfallinfinancialwealthofabout8.6

trilliondollarsforUShouseholdsin2008alone(Cordelletal.,2012,IMF,2009).

Consequently,inordertoproposepoliciescapableofenhancingfinancialsta-

bility,economistsneedtogainadeepunderstandingofthedynamicsimpliedby

“theactionsofmarketparticipantswhicharehardwiredinthesystem”(Contand

Wagalath,2014)thatmayleadtosuchundesirableoutcomesatthesystemiclevel.

Thegoalofthisthesisistotheoreticallyandempiricallyidentifysuchactionsand

theirimpact,bystudyinghownon-fundamentalpricemovementsmayarisefrom

specificactionsorrulesfollowedbyinvestors.

Inparticularweinvestigatehowendogenouspricemovementmayarisefromcer-

taininvestmentstrategieswhicharefollowedextensivelybymarketparticipants.

Inanutshell:

-Chapter1focusesonportfoliodiversification,apopularinvestmentprinciple

basedonthefactthatholdingmanyassetswhichareonlypartiallycorrelated

lowersoverallportfoliorisk.Thischapterpostulatesthatportfoliodiversification,

despiteitspositiveimpactattheindividuallevel,mayhaveanegativeexternality

byraisingthecorrelationsbetweenassetprices.Thereasonisthatwhenanegative

shockhitsaparticularasset,investorswhoholditmaysellotherhealthyassetsto

financetheirlosses,therebyloweringtheirprices,whichinturnwillimpactother

investors,etc.

4



Generalmotivationofthethesis

-Chapter2studiesstyleinvestment,anapproachbasedongroupingassetsinto

differentclasses,or“styles”,andtradingatthestylelevelinordertoreducethe

costofgatheringinformationoneachsingleasset.Thesecondchapterpositsthat

thisstrategywillalsoleadtonon-fundamentalcomovement,asassetswillbesold

andboughttogetheraspartofasimilarindex. Weapplythisreasoningtothe

impactofcreditratingonbondcomovement.

-Chapter3considerstheinteractionofthreedifferentinvestmentrulesinthe

foreignexchangemarket:1)Carrytradewhichisbasedonborrowinginalow

interestcurrencyandlendinginahighinterestone;2)Chartism,anapproach

ofbuying/sellingcurrencieswhichhaverecentlyappreciated/depreciated;and3)

fundamentalism,whichisbasedonbuying/sellingcurrencywhicharebelow/above

theirfundamentalvalues. Wearguethattheinteractionbetweentheserulespro-

videanexplanationforthewell-documenteddisconnectbetweenexchangerates

andfundamentals,andmaytrigger“endogenouscrashes”. Thisoccursbecause

thedemandforhighyieldcurrencybycarrytraderswillcreateabuild-upphase

forthecurrency,whichmaycollapseswiftlyundertheinfluenceofchartistsand

fundamentalists.

Thethesisbroadinterestthereforelieswithhowpricesmaydeviatefrom“funda-

mentals”throughtheactionsofmarketparticipants,whichraiseswiderquestions:

Arefinancialmarketsefficient?Ifnot,whatcausestheinefficiencies? Canwe

preventthem?etc.Inacontextwherethegeneralaudienceisquicktocondemn

“greedy”or“corrupted”tradersfortherecentfinancialcrises,wesometaketime

fordiscussionbeforegettingintospecifics.

Theacademicworldhaslongbeenpenetratedbytheissueoftheefficiency
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offinancialmarkets3. Oneview,ledbyNobel’sprizelaureateEugeneFama,

holdsthatfinancialmarketsareorganizedinthemostefficientmannerpossible.

AccordingtoFama(1970)thereare3formsofmarketefficiency,andthestrongest

one,whichhedefinesasasituationinwhichallavailableinformationisembedded

intoprices,hasthebestempiricalperformance.Fama(1998)alsofamouslyargues

thatempiricalevidencechallengingthisstrongefficiencyaresimply“luckresults”

andboundtovanishastheeconometricapparatusincreases.

Nevertheless,theso-called“efficientmarkethypothesis”hasbeenheavilyand

increasinglychallenged. Onempiricalgrounds,academicresearchhasuncovered

many“puzzles”thatareimpossibletoreconcilewithperfectlyefficientmarkets.

Shiller(1981)showsthatstockpricesfluctuatemorethanwarrantedbytheirdiv-

idends. MehraandPrescott(1985)showthereexistsadifferenceinthehistorical

returnsbetweenstocksandgovernmentbonds,thatmaynotbefullyexplainedby

differencesinriskbetweenbothassets.Fama(1984)himselfadmittedadeparture

fromhistheorybyshowingthathighinterestratecurrenciestendtoappreciate,

creatingclearprofitopportunitiesthatshouldnotexistintheory.

Ontheoreticalgrounds,theefficientmarkethypothesisfacedsimilaropposition.

Numeroussourcesofdeviationsfromfundamentalshavebeenputforward,which

maybeclassifiedintothreeensembles:

-Afirstgroupgatherstheorieswhichinvolveadeparturefromtheassumption

thatinvestorsalwaysbehaverationally.Thisensemblenotablyincludestheinflu-

ential“prospecttheory”ofKahnemanandTversky(1979),whichearnedDaniel

KahnemantheNobelprizein2002.Studyingthedecision-makingprocessofindi-

vidualsunderrisk,theseauthorsshowthatindividualsaresubjecttobiasessuch

3.seeMalkiel(2003)forasurvey
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as“endowmenteffect”4or“lossaversion”5. Appliedtofinancialmarketssuch

biaseshaveadeepimpactontheassetdemandsofinvestors,andthusonprices

(BenartziandThaler,1995,Barberisetal.,2005).Subsequentresearchidentified

numerousotherbiases,surveyedbyHaseltonetal.(2005).

Anotherdeparturefromrationalitystemsfromour“animalinstincts”,asfirst

pointedoutbyKeynes(1936).Thisviewholdsthatallhumanbeingsinherently

reactinsimilarfashiontosimilarshocks.Financialcrisesinparticularareseen

astheresultofourtendencytopanicinstressfulsituations.Recentcontributors

tothisviewincludeAkerlofandShiller6(2009)whodiscusstherolesplayedby

instinctssuchas“overconfidence”or“desireforfairness”duringthe2008crisis.

-Asecondviewisbasedon“boundedrationality”,i.e.ontheideathatthe

investorisrationalbutfacesanumberofconstraintsthatmaypreventhimfrom

makingtheoptimalchoice.Theconstraintmaybeofaninformationalnature:the

investordoesnothaveaccesstothecompleteinformationsubsettomakeafully

informeddecision(Mishkin,1990).Itmayalsocomefromregulation(Danielssonet

al.,2012)ortransactioncosts(GrossmanandStiglitz,1980).Finallytheinvestor

maybelimitedbyhisowncapacities. Anagentfacedwithacomplexproblem

andrequiredtoactquicklymaynotbeabletoefficientlytreatalltheinformation

intime.Inthiscase,heisforcedtouse“heuristics”ratherthatperfectlyrational

methodswhentakingadecision.Importantcontributorstothisviewinclude

Simon(1972),orRubinstein(1998).

-Alastensemblepostulatesthatdeviationsfromfundamentalsoccurbecause

optimalactionsatthemicrolevelmaynotalwaystranslateintoanoptimalout-

4.Attachingahighervaluetothegoodstheyown
5.Preferringnotmakingalosstomakingagain
6.Nobel’sprizewinners
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comeatthesystemiclevel.Suchsituationsnotablyarisewhentheinterestsof

themarketparticipantsdonotcoincidewiththatofsociety. Theearliestcon-

tributionofthisveinagaintracesbacktoKeynes(1936),whopointsoutthat

profitmaximizingtradingismoreaboutguessingtheactionsofotherinvestors

thanitisaboutguessingthe“right”valueoftheasset. Episodesof“financial

bubbles”(Blanchardand Watson,1982)or“bankruns”(DiamondandDybvig,

1983)havefamouslybeenexplainedthroughsuchamisalignmentofinterests:in-

vestors/depositorswhoarecaughtinabubbleorabankrunactrationallyonan

individuallevel,howevertheircombinedactionsleadtotoverycostlyoutcomesfor

society.Suboptimalpricingmayalsoemergefromperverseinteractionsbetween

heterogeneousinvestors,asinDeGrauweandGrimaldi(2006).

Thesethreeensemblesarenotmutuallyexclusive.Considerforinstanceagiven

observedbehaviorthatwesuspectofgeneratingnonfundamentalpricemove-

ment:herding. Withrespecttothethreesourceswehavediscussed,herdingmay

beconsideredeitheranirrational“animalinstinct”,arationalresponsefroman

uniformedagentwhoassumesthattheothershavemoreinformation,ortheop-

timalstrategyofaninvestorwhomaximizeshisprofitbyfollowingthemarket

trends.Inpracticeitislikelytobeacombinationofallthree.

Thisliteraturehashadthetremendousmeritofhelpingusunderstandhow

assetpricepuzzlesmayariseandpersist.Yetitalsofacesamajorchallenge:how

canwemodelandidentifysucheffects?Indeedmanyofthementionedsourcesof

non-fundamentalpricemovementareveryhardtoobserveandquantify,notably

thoserelatedtothe“irrationality”ofinvestors. What’smore,theirimpacton

pricesislikelytobehighlynon-linear,andentangledtogether,aswellaswith

morefundamentalfactors.
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Thesedifficultiesimposeimportantlimitsforresearchers,notablyinempirical

analysis,astheymakeithardtostudyeconometricallytheimpactofagiven

“bias”or“instinct”onprices. Arevealingfieldfromthisperspectiveisthatof

contagionduringfinancialcrises.Thefirststudiesinthisfieldtestedforasignifi-

cantchangeincorrelationsduringcrises(Kingetal.,1990),findingwhatappeared

tobeconclusiveevidenceofexcesscomovement,or“contagion”.Howeverapaper

byForbesandRigobon(2002)latershowedthatsuchtestswerenecessarilybiased

bythefactthatcorrelationsfundamentallyincreaseduringcrises.Sincethenthe

literaturehasfailedtoreachaconsensus.

Thereforeakeychallengeforthisthesishasbeentotakestepstowardsover-

comingtheproblemsattachedtomappingnon-fundamentalfactorsintoprices.

Inthetheoreticalchapters1and3,wedosobychoosingtofocusonbehaviors

thatarequite“mechanical”.Inparticularinbothchapterswestudyaninvestor

followingagiveninvestmentrule,andissubjecttofundingconstraints.Funding

constraintsareaninterestingvehiclebecause,whilerepresentingaknownvector

ofendogenousmovement,theytriggerautomaticandemotionlessresponsesthat

areeasytocaptureformally. Wealsorefrainfromthelargertaskofmodeling

psychologicalfactors. Thethesisthenfocusesmoreonthetwolattersourcesof

deviationsfromfundamentals:boundedrationality,awedgebetweentheinterest

ofinvestorsandthoseofsociety,oracombinationofboth.

Intheempiricalchapter2wehavetriedtoaddresstheseproblemsthrougha

carefulidentificationstrategy.Firstwefocusonaspecificbehavior,styleinvest-

ing,whichhasapreciseimpactagivensetofassets. Thisinvestmentruleis

areflectionofafeatureinherenttoallhumanbeings,ourtendencytoclassify,

butonethatappearsfairlyindependentofotherinstincts.Finallywedissociate
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fundamentals-drivencomovementfromstyle-drivencomovement,byfocusingonly

onratingactionsforwhichbothinfluenceshavedifferentimplicationsoncomove-

ment.

Inthiswaythethesisdoesnotaimtodefineanexactanduniquemeasureofen-

dogenouspricemovement,butratherprovideanapproximationofthismovement

inaparticularset-up. Consequently,itsgoalisnottoprovideaglobalpricing

modelthatiscapableofoutperformingtheefficientmarkethypothesis,butmore

modestlytoknowenoughaboutnon-fundamentalmovementtospotsituationsin

whichriskispilingup,andactuponit.

Thisstanceplacesthisworkattheheartofexcitingandquicklyevolvingfield,

whichhasbeenlabeledas“endogenousrisk”.

NotablecontributorstothisliteratureincludeDanielsson,Shin,andZigrand

(2011),whospecifyamodelinwhichtheactualpricedynamicsdependonthe

perceivedriskbyagents,whichinturnisafunctionofthecapitaltheyhold.

Consonantly,AdrianandShin(2010)provideevidencethatleverageforfinancial

intermediariesisprocyclical,i.e.risesduringboomsandfallsduringbusts,which

increasesaggregaterisk.FinallyBrunnermeiretal.(2009)findthatcurrencycrash

riskmaybelinkedtothefundingconstraintsfacedbycarrytraders,whileKyle

andXiong(2001)relateassetpricecontagiontothewealtheffectsofinvestors.

Thesepapersallsharethesameinterestinhowtherulesandconstraintsfaced

byinvestorsatthemicrolevelmayleadtoincreasedriskatthesystemlevel.

Havinglaidoutthemotivationforthisthesis,wenowprovideamoredetailed

outlineofeachchapter.
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Threeessaysonendogenouspricemovements

Chapter1

Inordertostudythedesirabilityofdiversification,chapter1providesatheoret-

icalmodelinwhichNportfolioinvestorseachholdanequalamountofnassets,

andareforcedtosellassetsinresponsetoshocksontheirwealth.Investorsare

home-biased:theyacquireassetswhichareclosetotheminthefinancialnetwork.

Considerforinstanceafiveinvestorsmarketwithadiversificationlevelofn=2.In

ournetworkinvestorI=1willholdassetsi=1andi=2,whileI=2willholdi=2

andi=3,etc. Mathematicallythistranslatesintothefollowingmatrixofasset

holdings:

A=






1 1 0 0 0

0 1 1 0 0

0 0 1 1 0

0 0 0 1 1

1 0 0 0 1






whereeachrowrepresentsaninvestorandeachcolumnanasset.

Post-multiplyingthismatrixbythevectoroftheassetpriceshocksbetweentwo

periodst-1andt,notedPt−1,yieldsthevectoroftotalportfoliolossesbetween

t-1andtforeachinvestor.Assumingthesalesbyinvestorsarealinearfunction

oftheirportfoliolosses,thevectoroftotalsalesforeachassetattimetcanbe

expressedas Qltt =
r
n2
AA Pt−1.Furtherassumingthattheimpactofthese

salesonpricesislinearyieldsthefollowingrecurrencesystemforassetprices.

11
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Pt=(
r/h

n2
)AA Pt−1

which,focusingontheimpactofasinglestochasticshock eF1yields:

=⇒ Pt=[(
r/h

n2
)AA]t eF1

whilethetotalfallinthewealthofinvestorsfollowingtheshock eF1canbe

expressedas:

I=
1

n
A
t=+∞

t=0

[(
r/h

n2
)AA]t eF1

. Withthissystemthechaptermovesintwodirections.

Firstwesolvethemodelanalytically,obtainingclosed-formexpressionforthe

matrixofcovariancebetweenNassetsNandinvestors’wealth.Findingasolution

ismadepossiblebythefactthatmatrixAiscirculant,andthushasnumerous

interestingpropertiessuchasthefactthatitseigenvaluesaregivenbytheroots

ofunity. Throughtheseexpressionsforcovariancesweshowthatendogenous

comovementmayemergefromthecommonassetholdingsandfundingconstraints

evenwhenthesearefundamentallyuncorrelated. Wethenstudythefactorson

whichtheseendogenouscovariancesdepend,suchasmarketcompletenessorrisk

aversion.

Secondwestudysystemicrisktroughthelikelihoodthatthewealthofanumber

ηofinvestorsgoesbelowagivenbankruptcythreshold,fordifferentlevelsof

diversificationn. Weobtaintheseprobabilitiesusingthefactthatthevector

ofinvestors’wealthIisnormallydistributed. Wefindthatwhilediversification

12
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maximizestheprobabilitythatnoinvestorgoesbankrupt,italsoincreasestheodds

ofmassfailure,whichcastsdoubtsoveritsdesirabilityfromasystemicperspective.

Nevertheless,extendingourmodeltoallowfor“panic”,i.e.fornonlinearre-

sponsestoadverseshocks,thisconclusionchanges.Intermediatelevelsofdiversifi-

cationbecometheworstoptionbecausesuchlevelsprovidelinksbetweeninvestors

throughwhichshocksmayspread,withoutgoingfarenoughinminimizingindivid-

ualrisk.Largelevelsofdiversificationbecomethemostdesirableoptionsoverthe

vastmajorityoftheparameterset.Thissuggeststheexistenceofathreshold:past

thedangerousintermediatelevels,furtherdiversificationisunambiguouslyposi-

tive.Thecostarisingfromtheendogenouscorrelationsbetweeninvestorsbecomes

smallerthanthebenefitofhavingindividuallysaferinvestors.

Chapter2

Chapter2isaninvestigationoftheimpactofratingsonbondcomovement. We

startbyrunningthefollowingregressionforbondswhoseratingchanged:

Ri,t=αi+βi,IRI,t+βi,IRI,t

whereRi,t,RI,tandRI,trepresentsthefirst-differencedyieldspreadsonthe

bondi,theleftindexI,andthejoinedoneI’respectively. Theregressionwas

rantwice,overthe5monthsprecedingtheratingactionandoverthe5months

followingit.Theestimatedbetasonthepost-eventandpre-eventregressionsare

notedβ̂∗andβ̂respectively.

Asstyleinvestingshouldinduceacomovementpremiumbetweenbondsofa

similarindex,weexpectthebetaofabondwiththeindexitleavestofallfollowing

13
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theratingchange,andtorisewiththeindexjoined. Mathematically β
i,in=

β̂i,I
∗
−β̂i,I>0,and

β
i,out=β̂i,I

∗
−β̂i,I<0.

Neverthelessthetotalchangeinbetasmaynotreflectsolelytheinfluenceof

styleinvesting.Inparticular,assetswhichhavesimilarratingsareexpectedto

comovestronglybecausetheyhavesimilarfundamentals.Formallythechangein

betasfollowingaratingeventcanthusbeexpressedas β= f+ s,where

fand sarethechangeinbetastemmingfromfundamentalfactorsandstyle

investingrespectively.Inordertocontrolfor fwesettwotestswhichprovidea

naturalwayofdisentanglingbothinfluences.

Thefirsttestisbuiltupontheobservationthatlowergradeassetsarebydefi-

nitionmorefragilesotheirsensibilitytoglobalriskfactorsshouldbehigher.Ina

generalfactormodel,anassetwithahighmarketbetashouldcomovemorethan

alowmarketbetaonewithanygivenindex.Thusfromafundamentalpointof

viewthebetaofadowngradedbondwithboththeindexitjoinsandthatitleaves

shouldriseaftertheratingaction. Converselyanupgradedassetshouldseeits

betawithbothindexesfall.

Combiningthesepredictionswiththosefromstyleinvestingleadstothefollow-

ingtable:

downgrade upgrade

withindexjoined(in) f>0, s>0 f<0, s>0

withindexleft(out) f>0, s<0 f<0, s<0

Intwocasesfundamentalsandstyleinvestingfactorsshouldgothesameway,but

intheothertwofundamentalfactorsandstyleinvestinghaveoppositepredictions.

Forthesetwocases,ifthesignof β = f+ sisinconformitywiththe

predictionsfromstyleinvesting,andincontrastwiththosefromfundamentals,

14
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thenthechangeincomovementmaybeattributedtostyleinvestingalone. Our

firsttestisthusuponthesignof βforbothcases.

Thesecondtestfocusesonratingmovementsbetweentwoparticularnotches:

BBB-andBB+. Movementsbetweenthesenotchesarespecificbecausetheline

betweenspeculativeandinvestmentgradeliesbetweenthem.Thisrepresentsan

importantdistinctionamongstinvestors.Ifthereisstyleinvestingatthiswider

“investmentversusspeculative”level,thenmovementsbetweenBBB-andBB+

shouldinvolvealargercomovementchangefromastyleinvestingperspective.

Fromafundamentalperspectivehoweversuchmovementshouldbenodifferent

fromtheothers.Oursecondtestthusfocusesonwhetherthereexistsasignificant

differencebetweenBBB-/BB+andaverage,whichintheorywouldstemfromstyle

investingonly.

Werejectthenullhypothesisofnostyleinvestingpremiumfortest1,sothat

styleinvestingseemstoimpactcomovementattheindividualratinglevel. Test

2ontheotherhandgivestheexpectedsign,butdoesnotachievesignificanceat

first.Thuswecannotconcludetothepresenceofstyledrivencomovementatthe

“investmentversusspeculative”level.

Thesecondpartofthischapterthenfocusesoninvestigatingthisfailureto

achievesignificancefortest2. Wediscusspossiblebiasesinthedesignofthetest,

whichleadsustouncoverinterestingpatternsonthebondmarkets.Firstwefind

thatanassetmovingfromBBB-toBB+willinfactexperiencealargerrisein

itsbetawiththerestofthemarketthanothermovements,althoughmovingfrom

BBB-toBB+doesnotinvolvealargerthanaverageincreaseindefaultrates.In

otherwordsinvestorsseemtosanctiondowngradesbetweenBBB-andBB+with

particularseverity,withoutfundamentalreasonstodoso.
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Asecondbiasarisesfromthefactthathigherandlowergradeassetsseem

subjecttomorestyleinvesting,asimpliedbytheirhigher-than-averageshareof

indexdrivenvariationintheirtotalvariance.Forlowergradeassetsthismaybe

explainedbythefactthatsuchbondsareusuallyissuedbysmaller,lessdiversified

firms,forwhichinvestorsrelymoreuponratings.Forhighergradeones,thismay

beexplainedbyregulatoryrequirements,whichgiveinvestorsanextraincentive

to“buythegraderatherthantheasset”.

Controllingforthesedifferencesacrossgrades,thedifferencebetweenBBB-

/BB+movementsandaveragebecomessignificant,asexpectedfromastylein-

vestingperspective.

Chapter3

ThislastchapterexaminesthepossibilitythatFXinvestmentstrategiescause

thedisconnectbetweenexchangeratesandfundamentals. Wepresentamodelof

theFXmarketinwhichthreetradersinteract:carrytraders,chartists,andfunda-

mentalists,wherecarrytradersaresubjecttofundingconstraints.Ourmodeling

ofthecarrytraderbuildsonShin(2010),andyieldsthefollowingform:

q°t=
1+CRc,t−1
1+Rc,t−1

q°t−1

whereq°tisthequantityoftheforeignbonddemandedbycarrytradersattimet,

Rc,t−1isthereturnonthecarrypositionbetweentandt−1,andCisthemaximum

leverageallowedbyregulation.Thisconstraintwillgenerateprocyclicalityinthe

demandbycarrytraders:anycapitalgainmadeatperiodtwillloosentheVaR

constraintandthusallowforalargerpositionatperiodt+1.
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Withrespecttochartistsandfundamentalistswetakeamoredescriptivethan

normativeapproach,specifyingexogenouslysimpleyetprofitableinvestmentrules,

asinDeGrauweandGrimaldi(2006).Thedemandbychartistsisgivenby:

qm,t=
MA(S)x

β+αVar(S)x

whereMA(S)xandαVar(S)xarethemeanandvarianceoftheexchange

ratemovementsoverthelastxperiods,αandβareconstants.Thustheexpres-

sionsimplyimpliesthatmomentumtradersbuycurrencieswhichhaverecently

appreciated,andsellcurrencieswhosepricehasrecentlyfallen.Thedemandby

fundamentalistsis:

q∗f,t=
Φ(sign(F−St)=sign(MA(S)x))×(F−St)

b

where(F−St)isthecurrentdistancebetweentheexchangerateStandits

fundamentalvalueF,weightedbytheprobabilityestimatedbyfundamentalists

Φ(sign(F−St)=sign(MA(S)x))thatpricesarecurrentlymovingaccording

tofundamentals.Thisexpressionimpliesthatfundamentalistsbuy“undervalued”

currenciesandsell“overvaluedones”,wherethesizeoftheinvestmentdepends

ontheirassessmentofthelikelihoodthatexchangeratesareabouttoconverge

towardsFinthenearfuture.

Thisset-upleadstoanon-linearmodelwhichwesimulatewithandwithout

stochasticshocks.Oursimulationsshowthattheinteractionsbetweenthesethree

agentscausecurrencycrashriskforhighinterestratecurrencies,inlinewiththe

empiricalfindingsofBrunnermieretal.(2009).Crashesoccurendogenouslyinan

otherwisestableset-upthroughtheactionsofthemarketparticipants.
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Thedynamicsareasfollows:slowmovingcapitalfromconstrainedcarrytraders

inducesatrendofappreciationofahigh-yieldcurrency,whichispickedupby

chartists. Ascarrytradersstartapproachingtheirdesiredholdingsandfunda-

mentalsstartpushingtheotherway,thistrendofappreciationeventuallyweak-

ens.Thisdriveschartiststoexittheirlongpositionsandfundamentaliststoenter

themarket,shortingthehighyieldcurrency.Thecombinedsellingofbothagents

leadstoasignificantdropinthepriceofthecurrency.Crashesoccurswhenthis

dropislargeenoughtotriggermargincallsfortheleveragedcarrytraders.

Therelationshipbetweenfundingconstraintsandcrashriskisnon-linear. When

carrytradersareveryconstrainedfundamentalistsimmediatelydominatesothat

nocrashoccurs. Whencapitalmovesveryeasilythecurrencyimmediatelyap-

preciatesthenadjustsslowly,inlinewiththepredictionfromaperfectlyefficient

market. Moderatelevelsoffundingconstraintrepresentthemostriskyoption,as

thereisenoughcapitaltocreateabuild-upphase,whiletradersremainvulnerable

tomargincalls.

Wealsoinvestigatehowendogenousboomsandbustsmayhelptoresolvethe

“abnormalprofits”and“exchangeratedisconnect”puzzles. Firstweexamine

profits. Wefindourset-upimpliesthatcarrytradeisprofitablebutcontainsalarge

downsiderisk,whilemomentumperformsnearlyaswellandappearsmuchmore

resilientduringcrisis.ThisisinlinewiththerecentworkofDarvas(2009)onthe

possibilitythatdownsideriskmayexplaintheseeminglyabnormalreturnstocarry

trading,andwiththatonMenkhoffetal.(2012)ontheempiricalperformanceof

chartismduringcrises.

FinallywestudywhethertheERgeneratedbythestochasticversionofthe

modelmatchesthefindingsoftheliteratureonthelinkbetweenexchangerates

18



Threeessaysonendogenouspricemovements

andfundamentals. Wefindthattheactionsofinvestorsendogenouslygenerate

long-liveddeviationsfromfundamentals,whichdieoutatarateconsistentwith

theworkofMark(1995)ontheexchangeratedisconnectpuzzle.

Eachchapterrequiredtheadoptionofanewskill,adeliberatechoice.Inchap-

ter1atheoreticalmodelissolvedanalytically.Chapter2isempirical.Chapter

3isbasedonsimulations. Wenamethechaptersaftertheinvestmentrulethey

areprimarilyinterestedinandtheirexpectedendognousimpact:“portfoliodi-

versificationandendogenousrisk”forchapter1,“styleinvestingandendogenous

comovement”forchapter2,and“Foreignexchangeinvestmentrulesandendoge-

nouscurrencycrashes”forchapter3.
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Chapitre1

Portfoliodiversificationand

endogenousrisk

1.1Introduction

Whenthinkingaboutfinancialmarketsandsystemicrisk,onecanfindituseful

toconsideragroupofclimbersropedtogetheratthetopofacliff.Eachclimber

individuallyfavorsbeingropedasitlowershischancesoffallingoff,yetoneclimber

slippingnowthreatensthestabilityofhisneighbors.Theeffectofbeingropedon

theprobabilitythatmanyorallclimbersfallisthusaprioriambiguous.

Priortothe2008creditcrunch,bothmarketparticipantsandregulatoryin-

stancesseemedtofavortheropedequilibrium,implicitlyassumingthatindividual

soundnessleadstosystemicsoundness.Yettheswiftnesswithwhichriskspread

throughoutthemarket,largelyunanticipated,ledtosuspicionsthat“connections”

mayinfactcarrysystemicriskthroughthesystem.BaselIIIwillapplyanextra

capitalratiorequirementofupto2.5%towellconnectedestablishments. Mea-
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suresofsystemicimportancethataccountforexternalities,suchasCovar(Adrian

andBrunnermeier,2011),orShapleyvalues(Tarashevetal.,2010)haverecently

gainedinpopularity.

Thischangeinfocushasimplicationsonthedesirabilityofportfoliodiversifica-

tionfromsociety’sperspective.Indeedwhiletheindividuallyriskreducingeffect

ofdiversificationhasbeenknownsinceMarkowitz(1952),diversificationalsoforms

connectionsbetweeninvestorsthroughcommonassetholdings,identifiedasama-

jorvehicleofcontagioninthepresenceoffiresales(ShleiferandVishny,2012).

Thegoalofthischapteristotakeafirststeptowardsquantifyingthiscontagion

externalityandcomparingittotheindividualrisk-reducingeffect,inordertoget

aprimaryassessmentofdiversification’stotalimpactonsystemicrisk,aswellas

thefactorsonwhichthisimpactmaydepend.

Wedosobysettingamodelinwhichinvestorsreacttostochasticshocksontheir

wealthbyselling/buyingassets,whichfurtherimpactassetpricesandwealth,and

soon.Thisoccursina“homebiased”network,inwhichinvestorsacquireassets

whichhavelowinformationaldistancewiththosetheyalreadyown.Themodel

generatesanormalmultivariatedistribution1ofinvestorswealth.Systemicrisk

isthenstudiedthroughtheprobabilitythatanumberηofinvestorsfallbelowa

givenbankruptcythresholdK,fordifferentlevelsofdiversification.Attachingto

eachprobabilityacostthatgrowswithη,wethendiscusswhetheraccountingfor

thecontagionexternalitythatarisesendogenouslychangestheconclusionabout

theoveralldesirabilityofdiversification.

1.Schematically,thisapproachallowsustomaptheindividuallyriskreducingeffectand
thecontagionexternalityintotwodistinctcomponentsofsystemicrisk:theformeraffectsin
themarginaldistributionofeachelementonthevectorofinvestorswealth,whilethelatteris
embeddedwithinthedependencestructurebetweenallNinvestors.
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Wefindintermediatenumbersofbankruptciesarelesslikelywithahighdegreeof

diversification,buttheprobabilitythatmanyorallinvestorsfailsimultaneouslyis

larger.Inacontextofhighsellingconstraintandweakdemand,theprobabilityof

“extremefailure”outcomesbecomesnon-trivial,sothatnoorlittlediversification

maybecomeoptimalforsociety. Wethenintroduceatouchofheuristicsinthe

modelbyallowingagentsonthedemandsidetogrowmoreriskaverseinahigh

varianceenvironment. Wefindthisstronglyenhancesthedesirabilityofhigher

levelsofdiversificationthroughamoreindirectchannel:spreadingshocksacross

assetslowersthechancesoftriggeringapanic.Inthiscontext,intermediatelevels

ofdiversificationappearparticularlyharmfulastheyprovidelinkagesthrough

whichshocksmayspreadwithoutgoingfarenoughinminimizingindividualrisk

andthelikelihoodthatapanicoccurs.

Ourset-upalsoallowsustoderiveananalyticalexpressionforthecovariance

betweenassets/investorsiandj.Inthiscasecovariancesdependnegativelyonthe

distancebetweeniandjinthefinancialnetworkandonthenumberofassetsin

theeconomy. Weshowthataninvestormayminimizethevarianceofhisportfolio

byseekingassetswhicharefarawayfromhisinthefinancialnetwork. Wediscuss

thesystemicimplicationsoftheresulting“optimal”networkinwhichallinvestors

arenolongerbiased,andthatofa“wider”network,i.e.,oneinwhichthereare

moreassets. Movingtoanoptimalnetworkisgenerallydesirableforsystemic

risk,whilemovingtoawideroneisunambiguouslyso.Amixofmoreoptimality

andwidthisparticularlyefficient,notablyforintermediatelevelsofdiversification

whichpreviouslywerethemostdangerousoptionfromasystemicperspective.

Previousworkonthelinkbetweendiversificationandsystemichasbeensplit

betweenthreestrandsofliteraturewhichhaverarelycrossed.
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Thefirstconcernssmall-scale2modelsoffinancialcontagion.Suchmodelshigh-

lightdifferentchannelsthroughwhichcommonassetholdingmayleadtofiresales,

whichmayinturndegenerateintosystemicevents.SchinasiandSmith(2000)for

instanceshowthatroutineportfoliorebalancingbringscontagion. Thescopeis

increasedwhenagentsaresubjecttowealtheffectsasinKyleandXiong(2001).

GoldsteinandPauzner(2004)pointoutthatfiresalesmayalsoresultfromstrate-

gicrisk3.

Thesecondstrandofliteratureisbasedonstatisticalanalysis. Onemethod,

takenbyShaffer(1994)or Wagner(2010),istocomparethepropertiesofafully

diversifiedsituationtoafullyundiversifiedone.Bothauthorsshowthattherisk

thatallinvestorsfailsimultaneouslyisnecessarilyhigherinthefullydiversified

situation.Ourstudyconfirmsthisfactbutalsogoesmoreindepthbyconsidering

anylevelofdiversificationandanynumberoffailures.Asecondapproachdeals

with“fattails”,whichmaymitigatethestrengthofthevariancereducingeffect,

asshowedbySamuelson(1967).Inparticular,Ibragimovetal.(2011)usean

indicatorofthetailbehaviorofreturnstodefineadiversificationthreshold.They

findthatonagivenparameterrangetherecanexistawedgebetweeninvestors

interestsandsocietyones.

2.Themodelsusuallyfeatureonly2assets,anddiversificationisdefinedashowevenlyan
investorspreadshiswealthacrossboth.AnotableexceptionisprovidedbyLagunoffandSchreft
(1999)whotrymovingtoa3assetscase.Theyfindthatthescopeforcontagionisdecreased.
3.Othersauthorsrelatediversificationtodifferentamplificationmechanisms,whichdeserve

tobementionedalthoughtheywillnotfeatureassuchinthisstudy. Marketdistressmaylead
toanevenwidercollapseifitturnsintoliquiditydistress:AdrianandShin(2010)showsthat
leverageisnegativelycorrelatedtothemarketvalueofassets.Allenetal.(2010)findthatwhen
investorsneedtorolldebtover,beingconnectedbringsanegativereputationexternality. We
alsoleaveoutapotentialimpactofdiversificationon“banksnotdoingtheirhomework”.For
instance,Jiaoetal(2013)showthatdiversificationmayreducetheheterogeneityofinvestors
beliefs,CalvoandMendoza(2000)arguethatdiversificationlowerstheincentiveforinvestorsto
acquireinformationaboutsecuritiesbeforeselling.
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Thelinkbetweenthesefirsttwostrandsisthecorrelationstructurebetween

assetprices.Inanycontagionmodelcorrelationsbetweenassetreturnsappear

endogenouslyasanoutput,aseventwosecuritieswhichare“fundamentally”in-

dependentbecomelinkedthroughtheinvestorswhoholdthem.Instatistical

analysishighcorrelationsareaninput,astheymaycause“fattailed”portfolios.

Thelaststrandofliteraturerelatedtothisworkdealswithnetworkanalysis

offinancialstability.Inparticular,thisworkmayberelatedtopreviousworkon

the“robustyetfragile”featureofthefinancialsystem,asinNieretal.(2007)or

Aminietal(2012).

Thebroadmethodofthischapteristobridgethesethreeapproaches,bypro-

ceedinginthreesteps:

1)settingupalargescalecontagionmodel.Nconstrained“portfolioinvestors”

whoholdfrom1toN assetsareforcedtosellto“convergencetraders”inre-

sponsetonegativeshocksontheirwealth.Thislowersprices,furthertightening

theconstraint,andsoon. Mathematicallythistranslatesintoalinearsystemof

Nrecurrenceequationsofpricereturns,inwhichtheamountofrecurrencewill

dependontheweightoftheconstraintoninvestorsandthediscountonthesales.

2)withinaspecifiednetwork. Wesettwocharacteristicsforinvestors:theyare

homebiased,andallhavethesamepatternofassetholdings.Thelatterleadsthe

networkandmatrixofassetholdingsandtobecirculant. Thisfeatureiswhat

allowsustosolvethesystem,obtaininganalyticalexpressionsforthecovariances

betweenassetsandinvestorsthatdependondistance4.

3)inordertostudysystemicriskthroughstatisticalanalysisandanalyticalex-

4.Circulantmatricesareareausefultool,andasidegoalofthechapteristocontribute
towideningtheiruseandunderstandingbeyondthefieldsofpurenetworkanalysisandsignal
theoryinwhichtheyaremorecommon.
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pressionofthecovariances.Statisticalanalysisisrunthroughthemultivariate

distributionofportfoliolosses,whichgivesusthelikelihoodthatanynumberof

investorsηbetween0andNfail,foragivenlevelofdiversificationn.

Tothebestofourknowledgetworecentpapershaveusedasimilarapproachin

termsofobtainingendogenouscovariancesfromatheoreticalmodel.Danielsson,

Shin,andZigrand(2012)defineamultivariatemodelwhichproducesamatrixof

covarianceofunrestricteddimensions.Thecorrelationsobtainedhavea“funda-

mental”andan“endogenousrisk”component,whereendogenousriskistherisk

resultingfrom“theactionsofmarketparticipantswhicharehardwiredinthe

system”.Contand Wagalath(2014)specifyasimilarbutmoreaggregatedmodel,

whichtheycalibratetoestimatetherealizedcovariancematrixduringwell-known

firesalesepisodes,suchastheaftermathofthecollapseofLehmanbrothers.

Ourstudyplacesitselfwithinthisendogenousriskapproach,butdiffersfrom

thesepapersinthatitputsthenetworkofassetholdingatthecenterofthe

analysis.Inspirit,bothpapersfocusonexplainingthepatternofpricescorrelation

duringcrisisepisodes,whileourinterestliesprimarilywiththedesirabilityof

diversificationfromasystemicperspective.

Finally,thepresentworksharessomeofitsconclusionswithCacciolietal.

(2014)whofindthattheremightbeawindowonthediversificationspectrum

forwhichsystemicriskmaybecomesignificant.Cacciolietal.(2014)studythe

asymptoticpropertiesofthefinancialsystemasafunctionoftheaveragenumber

ofconnectionsofanodeinanotherwiserandomnetwork. Ourmodelismicro

founded,andspecifiesagivennetworkbasedoneconomicevidence.Thisgivesthe

modelagreatergranularity.Inparticularweshowhowdifferentmicrofoundations

leadtodifferentconclusionsonsystemicrisk,evenwithinanetworkwhosegeneral
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characteristicsremainunchanged.

Inshort,themodelissomewhat“hybrid”betweenmicro-foundedandnetwork

approaches,whichallowsittoremainbothtractableandgeneral,andprovidea

wideoversightofthefactorswhichmayimpactonthelinkbetweendiversification

andsystemicrisk.

Section1.2presentsthebaselinemodel,andhowitbringsrecurrenceinasset

prices.Section1.3presentsthedistributionsofinvestorwealthforthebaseline

model,andthatwithpossiblepanics.Insection1.4wegofurtherbydrawingand

discussingtherealizedcovariancesbetweenassetsandinvestors,andstudyingthe

impactofawiderand/orahomebiasfreenetworkonsystemicrisk.Section1.5

concludes.

1.2Set-up

Themodelpresentedbelowgeneratesalinearsystemwhichwillallowustodraw

N-dimensionalcovariancematricesbetweenassets.Vectorsareindicatedwithbold

characters.

1.2.1Themarket

Theinvestmentperiodstartsatt=0andfinishesatt=T,whereeachperiod

t→t+1maybeseenas“aday”onthemarkets,andTisalargebutfinitenumber.

FinancialmarketsarecomposedofNriskyassets,whicharebestseenasstocks.

Nisfinitetokeeptheindividualbenefitsfromdiversificationwithinbounds,so

thatmarketsareincomplete.Assetpriceshavethreesourcesofmovement:

Pt= PFt+MRt+1+e
∗
t+1
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where Ptistheactualpriceevolutionbetweentandt+1, PFt thefun-

damentalpriceevolution.MRt+1isthemeanreversionvector,ande
∗
t+1isthe

investor-drivendeviationsfromfundamentalvalue.AllelementsareN×1vectors.

Intuitively,thesedynamicsimplythatthebehaviorofinvestorsmayinduceactual

prices,whicharedefinedinequilibrium,todeviatefromtheirfundamentalvalue

byanamounte∗t+1.Suchdeviationshowevertendtodieoutinthemedium/long

run,throughMRt+1.

Thefundamentalprice/valueofeachstockisdefinedasthediscountedvalue

ofitsfuturedividends. WeassumedividendsDfollowanarithmeticBrownian

motion,i.e.,forstockiattimet:Di,t+1=Di,t+u
D
i+e

D
i,t+1.TheGordongrowth

modelyields:pFi,t=
Di,t
k
+cst,wherekisanexogenousdiscountfactorsuitedto

theriskinessofthecash-flows,andcstaconstant.ConsequentlypFi,talsofollows

anarithmeticBrownianmotion,whichwenote:

pFi,t+1=p
F
i,t+ui+e

F
i,t+1

whereuiisthefundamentaldrift,ande
F
i,t+1 isanormallydistributedshock,

N∼(0,σ2F).Botharelinearfunctionsoftheunderlyingdividenddriftandshock:

ui=
uDi
k
andeFi,t+1=

eDi,t+1
k
.

Weassumethatthefundamentaldriftisthesameforallassets,andthat

fundamentalshocksareindependentacrossassetsandtime. Mathematically,

ui=uandvectore
F
t,theN×1vectorofgeneralelemente

F
i,t,isdefinedby

N∼(0,ΣF=diag(σ
2

F)).Theseassumptionswillsimplifypresentationandcalcu-

lus,butalsoshowhowcorrelationsbetweenassetsmayarisefromtheactionsof

marketparticipants,evenstartingfromasituationinwhichtheyarefundamen-

tallyindependent.Thevectoroffundamentalpricesiswritten:

PFt=u+e
F
t+1
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1.2Set-up

Themeanreversion componentensuresthatpricesdonotgotoofaraway

fromtheirfundamentalvalue.Inourmodelmeanreversionwillbedrivenbyan

exogenoussupplyof“new”investorsateachperiodt,whowilldemandassetiif

pi,t−p
F
i,t<0,andshortsellitifpi,t−p

F
i,t>0. Wesetthisamountof“new”

investorstobequitelow,sothatpricesonlyconvergetotheirfundamentalvalue

inthemedium/longrun. Mathematically:

MRt+1=−λ(Pt−P
F
t)

whereλ,thespeedofmeanreversion,isfairlylow.

Substitutingfor PFtandMRt+1wemaythenrewritethepricevectoras:

Pt+1=u−λ(Pt−P
F
t)+e

F
t+1+e

∗
t+1 (1.1)

e∗t+1,theinvestordrivendeviationsvector,willbethefocalpointhere.Itgives

themovementinpricesresultingfromtheactions/constraintsofinvestorsthat

maycausepricestodeviatefromtheirfundamentalvalue.Itsexactdynamicswill

bederivedinthefollowingsection,butitisusefultogivetheoutlineinwords.

e∗t+1isdrawnfromtheinteractionsoftwotypesofagents:“portfolioinvestors”,

whosestrategyisbasedonfundamentaldrifts,and“convergencetraders”who

exploittheshort-termdeviationsfromfundamentalvalue. Wemayalsoreferto

themaslongtermandmidterminvestorsduetotheirinvestmenthorizon,which

wenoterespectivelyLTandMT.LTinvestorsfaceaconstraintwhichforcesthem

tosellinresponsetonegativeshocksontheirportfolio. MTinvestorsbuythose

assetatadiscount,whichleadspricestofallbelowtheirfundamentalvalue.This

bringsLTinvestorstosellfurther,andsoon.

31



Chapitre1Portfoliodiversificationandendogenousrisk

Thefullspecializationbetweenlong-termandmid-terminvestorsresultsfrom

anex-antearbitragebybothagents.Convergencetradersspecializeonspotting

andexploitingdeviationsofpricesfromtheirfundamentalvalue,whileportfolio

investorshaveamorepassiveapproach.Formally,weassumeMTinvestorspay

afixedcost 1tobeabletosuccessfullymeasurePt−P
F
t,whileLTinvestors

pay 2tocorrectlyestimatetheunconditionalmomentsofvector Pt+1.Sucha

marketsegmentationisclosetothatofGrahamwhodifferentiatesan“activeor

enterprisingapproachtoinvesting”froma“passiveordefensivestrategythattakes

littletimeoreffortbutrequiresanalmostasceticdetachmentfromthealluring

hullabalooofthemarket”(GrahamandZweig,2003,p101). Onemayalsoview

LTinvestorsasmutualfundsorbanks,whileMTinvestorsaremorespeculative

agentsfollowingarbitragestrategies,suchashedgefunds.

Long-terminvestorsholdadiversifiedportfolio,withn∈|[1,N]|thelevelof

diversification.Thelevelofdiversificationthusimpactsthesystemintwoways.

First,thetotalshockontheportfolioislikelytobelowerwhennislarge,sothat

thewealthshocksshouldbelower.Second,agivenshockwilltriggersalesonmany

assetswhennislarge,sothatLTinvestorsandassetsbecomemorecorrelated.

Initiallyeachlong-terminvestorIisendowedwith“his”asseti,i.e.,investor1

holdsasset1,sothattheyareNrepresentativelongterminvestors.

Notethatinwhatfollowswenearlyonlyrefertoconstrainedsellingbyportfolio

investors,becauseweareprimarilyinterestedinfiresales. Howeverthemodel

appliesequivalentlytoasituationinwhichportfolioinvestorsarebuyers,astheir

constraintgetslooserfollowingapositiveshockontheirwealth5. Convergence

tradersaresegmentedasinMerton(1987).

5. Moreonthisassumptioninsection1.2.4
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1.2Set-up

Weintroducesomenotation:foragiveninvestor I,qi,Irepresentstheactual

quantityofasseti,q∗i,Ithedesiredone,qI=Σ
i=N
i=1qi,Iishistotalinvestmentinall

riskyassets.qi=
I=N
I=1 qi,Iisthetotalquantityofassetiacrossinvestors.

1.2.2Investors

Bothmid-termandlong-terminvestorshaveCARAutility,withriskaversion

of 1
τmt
and 1

τlt
respectively. Riskaversionissimilaracrossinvestorsofthesame

type,andeachagentisaprice-taker.

1.2.2.1 Mid-terminvestors

Theyholdassetsduringtperiods,thetimeittakesforinvestor-drivendevia-

tionsshockstoreturnto0.Theypayafixedcost1tomonitorthosedeviations

ateveryt.Theyarefreeofregulationandhave“deeppockets”,sothattheymay

holdexactlythequantitiestheydesire:q∗i,t=qi,t. Astheyaresegmentedeach

investoroperatesinonemarketonly,sothatwedropthevectornotationforthe

timebeing. MathematicallyeachIsolves:

MaxE(−e
−
wI,t+t
τmt )

u/c wI,t+t=wI,t+q
∗
i,I,t(pi,t+t−pi,t)−t1

wherewI,tisthewealthofinvestorIattimet.Usingthemomentgenerating

functionyieldsthewell-knownsolution:

qmti,I,t=τmt
E(pi,t+t−pi,t)

E(σ
2

t+t
)

whereσ
2

t+t isthevarianceofassetpriceiathorizont+t.

Whentislarge,alltradingshocks,whethertheyhaveoccurredorareexpected

to,willvanishthroughmean-reversion.Settingafairlylargevaluefortwethus

33



Chapitre1Portfoliodiversificationandendogenousrisk

have:

E(pi,t+t−pi,t)=E(
j=t+t−1
j=t pi,j)=E(ut+

j=t+t
j=t+1 MRi,j+

j=t+t
j=t+1 e

F
i,j+

j=t+t
j=t+1 e

∗
i,j)

E(pi,t+t−pi,t)=tE(u)+E(p
F
i,t−pi,t)

Asmentioned,convergencetraderssuccessfullymonitordeviationsfromfunda-

mentals,sothatE(pFi,t−pi,t)=p
F
i,t−pi,t.

Firstdifferencingweobtainthedemand/supplyshockforagivenconvergence

traderbetweentandt+1:

qmti,I,t=τmt
(pFi,t+1−pi,t+1)−(p

F
i,t−pi,t)

E(σ
2

t+t
)

Rearrangingandsettingtom thenumberofconvergencetradersoperating

oneachmarket,weobtainthevectorofdemand/supplyshiftsfromconvergence

tradersbetweentandt+1:

=⇒ Qmtt =−h(Pt− PFt) (1.2)

whereh= mτmt
E(σ

2

t+t
)
representsthetotalincreaseinthequantitydemandedin

responsetoariseinexpectedreturns,andthusindicatesthestrengthofthe

demand.Ifthedistancebetweenactualandfundamentalpricesremainsconstant

betweentandt+1,thedemandbyMTinvestorswillbenull.If Pt> PFt

theywillsell,if Pt< PFttheywillbuy.

Notealsothatstartingfromasituationinwhichactualpricesareequalto

fundamentalprices,sothatisnomeanreversion,andportfolioinvestorsarenot

constrainedandthusdonotsupply/demandanyassets,marketequilibriumimplies

−h(Pt− PFt)=0⇔ Pt= PFt.Thereforeina“businessasusual”scenario

inwhichtheconstraintofportfolioinvestorsdoesnotbind,actualpricesshould
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1.2Set-up

beequaltofundamentalonesatanytimet.

1.2.2.2Long-terminvestors

Maximizationproblem

Theirtimehorizonisnotedt.Formally:

MaxE(−e
−
wI,t+t
τlt )

u/c wI,t+t=wI,t+Q
∗
t(Pt+t−Pt)−t2

E(Pt+t−Pt)=E(Pt+tu+
j=t+t
j=t+1 MRj+

j=t+t
j=t+1 e

F
t+1+

j=t+t
j=t+1 e

∗
t+1−Pt)

=E(tu)+λE( j=t+t
j=t+1(P

F
j−Pj))

usingequation(1.1)andthefactthatE(eFt+1)=0.SinceLTinvestorsdonot

paythecost 1anddonotobservethedeviationsofpricesfromtheirfundamental

value,theycanonlyestimateitwithitslong-termvalueE(PFj−Pj)=0.However

astheyincurthecost 2theysuccessfullyestimatethefundamentalpricedrift

uandcovariance,notedΣt. FormallythismeansE(Pt+t−Pt) =tuand

E(Σt)=Σt.Therefore:

Q∗ltt =
τlttu
Σt

Twokeyelements:

-SincetheunconditionalmomentsofPt+t−Ptareconstant,thedesiredquan-

titieswillbeconstant.

-Asweshallverifylaterinequilibrium,thematrixΣt issymmetric. This

impliesthatLTinvestorsoptimallywanttoholdanequalshareofallassets,so

that:

qi,I,t
qI,t
=
1

n
(1.3)
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Chapitre1Portfoliodiversificationandendogenousrisk

Notethatoptimallyportfolioinvestorswanttoholdasmanyassetsaspossible

tomaximizethebenefitsofdiversification. Thelevelofdiversificationnisthus

equaltothemaximumnumberofmarketstheyhaveaccessto.

Constraint

Weassumealinearcorrespondencebetweenthetotalamountofriskyassets

thataninvestormayholdatt+1andhisvalue-at-riskatt.

qI,t+1≤rVaRI,t

whereparameterrmitigatesthestrengthofthesellinginresponsetoachange

intheVaR.Inwords,whentheconstraintbinds,achangeintheVaRattimet

willleadinvestorstosell/buyriskypositionsbetweentandt+1tocomplywith

theconstraintatt+1.NotethatamoreusualformwouldbePtQt≤rVaRI,t,

i.e.,theVaRleadsinvestorstomanagetheirmonetaryexposuresratherthantheir

quantitiessolely,wepickthisformfortechnicalreasons6.

Eachinvestor’sVaRisgivenby:

VaRI,t=Et(Pt+t)G
lt
I,t+cst(G

lt
I,t)ΣtG

lt
I,t

whereGltI,tisthevectorsummarizingtheproportionsofeachassetintotal

quantityinvestedbyinvestorI.Using(1.3)andthefactthatE(Pt+t)=Pt+tu

forLTinvestors,wehave

Et(Pt+t)G
lt
I,t=

α
n
[(ipi,I,t+tu)/n],where ipi,I,trepresentsthesumofthe

pricesofassetsthatfeatureinI’sportfolio.Firstdifferencing,weobtaintheselling

ofagivenassetibyinvestorIthatoperatesonhisconstraint:

6. moreonthischoiceinsection1.2.4
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1.2Set-up

=⇒ qlti,I,t=
r

n2 i

pi,I,t−1 (1.4)

Themessageconveyedbythisequationissimple:whenpricesincrease,investors

aremorewealthyandthusmayinvestmoreatthefollowingperiod,whenprices

falltheymustlowertheirexposuretoriskyassets.Aslongastheconstraintdoes

notbindthesupply/demandbyportfolioinvestorswillbenull,andpriceswill

simplytrackfundamentalvalues. Therestofthechapterstudiesasituationin

whichtheconstraintbindsforallLTinvestors.

NotethatVaRconstraintsassuchusuallyconcernbanks,sothatonemayargue

themodelappliesprimarilytomarketsdominatedbybanks,suchasABS.Yettrust

fundsmayalsobesubjecttoanexplicitconstraintbytheirbeneficiaries. What’s

more,inpracticefiresalesmayalsobedrivenbyincreasedriskaversion,higher

emphasisontheshortrun,etc. Theconstraintchosenisthusonlyatractable

vehicleforsuchsales,butcapturesawiderphenomenon. Thereforeweavoid

referringtoLTinvestorsas“banks”only,andbelieveourresultsapplytomarkets

ingeneral.

1.2.3 Networkformationandmatrixform

Network

TheprevioussectionshowedhoweachrepresentativeinvestorIbehaves. To

studytheimplicationsofsuchbehavioroneachpricewemustspecifyapattern

ofassetholdings.Figure1.2.1summarizesthenetworkformation:eachholding

ofassetibyinvestorJisaconnectionbetweenJandtheinvestorIwhoinitially

heldtheasset.Investorsarenodesandassetholdingsaretheconnectionsbetween
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Chapitre1Portfoliodiversificationandendogenousrisk

them.ThenumbersoneachlinkthusrepresenttheassetsthatIandJhavein

common,indicatinghowcloselyrelatedtheyare.

Figure1.2.1–Movingfroman=3toann=4networkwhenN=9.

Asthedegreeofdiversificationnincreases,eachIacquirestheassetthatisthe

closesttohisright.ThenIkholdsonlyassetkifn=1,assetskandk+1ifn=2,

etc.IngeneralIkholdsassetsktok’,wherek≡k+n−1[N].

Thesameinformationmaybeexpressedinmatrixformbylettingeachrow

representaninvestorIandeachcolumnanasseti,andsetting1ifIholdsi,0

otherwise.ForinstanceifN=5andn=3:

A=












1 1 1 0 0

0 1 1 1 0

0 0 1 1 1

1 0 0 1 1

1 1 0 0 1












I1holdsassets1,2,3sothata1,1=a1,2=a1,3=1.

Thisnetworkhastwoimportantfeatures:

-Aseachinvestorchoosestopurchasetheassetofhisnearest“neighbor”in

thefinancialnetwork,heexhibitssomedegreeofhomebias. Homebiasrefers
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1.2Set-up

tothetendencyofinvestorstofavorassetswiththelowestdistancetothosethey

alreadyown.Itisawelldocumentedphenomenonintheliteratureoninternational

diversification.“Distance”betweentwoassetsiandjmayreflectinformational

asymmetriesbetweenthem,thetransactioncostofacquiringonewhenpossessing

theother,thefacttheinvestorswhoholdiarenotfamiliarwithj,etc.Herewe

takenostanceonwhatfactorunderlie“distance”,seeingitasacombinationof

heuristicandrationalfactors.

-Allinvestorshaveasimilarpatternofassetholdings,sothatthenetworkis

circulant,andsoismatrixA.Visually,incirculantmatriceseachrowisequaltothe

previousrow,shiftedonespottotheright.Itisimportanttostressthatcirculant

networksareonlytheresultofourassumptionofsymmetryacrossinvestors,not

fromthehomebiasfeaturementioned.Forinstanceanetworkinwhichinvestor

1holdsassets1,4,5,iscirculantifinvestor2holds2,5,6,andsoon.Asweshall

seeinsection1.4,circulantmatriceshavepowerfulproperties,whichwillallowus

todiagonalizethemeasilytosolvethemodelandprovideanalyticalexpressions

forthecovariancebetweenassetiandj.

Matrixform

Fromsection1.2.2.2weknowthattheproportionofassetiintotalquantityis

1/nififeaturesintheportfolio,and0otherwise.Theaveragereturnoninvestor

I’sportfoliowrites:

iaI,i pi,t/n

Andthesellingconstraint(1.4)maybere-expressedas:

qi,I,t=
r
n2 iaI,i pi,t−1

39



Chapitre1Portfoliodiversificationandendogenousrisk

i.e.,theamountofeachassetsoldbyinvestorIisalinearfunctionoftheproduct

ofeachlineIofAbythepricevector.

Thevectorofgeneralelement qi,I,tsummarizingtheunitsellingbyeachlong-

terminvestorIasaresponsetoawealthshock,maythenbeexpressedas:

qltt=
r
n2
A Pt−1

What’smore,justaseachrowof Atellsuswhatassetsagiveninvestorholds,

eachrowofA indicateswhatinvestorsholdagivenasseti.Thuswemayexpress

Qltt,thevectorwhosegeneralelement qi,tisthetotalsellingofassetibetween

t+1andt,as:

Qltt=A qltt

=⇒ Qltt=
r

n2
AA Pt−1 (1.5)

Letusnowtakethemarketclearingcondition Qltt+ Qmtt + Qmrt =0,

wherethetermsontheright-handsidearethedemand/supplyshocksstemming

fromrespectivelyportfolioinvestors,convergencetraders,andthemeanreverting

exogenoussupplyofinvestors.Substituting:

−h(Pt− PFt)+ Q
mr
t +

r
n2
AA Pt−1=0

=⇒ Pt=u+
Qmrt
h

+(
r/h

n2
)AA Pt−1+e

F
t+1 (1.6)

Theendproductofthemodelisthusastochasticrecurrencesystemthatmaps

howpriceshocksspreadthroughtimeandassets. Theassetpricedynamicswe

fedintoLTandMTinvestorsmaximizationproblemsareverifiedinequilibrium.
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1.2Set-up

Summaryoftheframeofthemodel:

-portfolioinvestoroftypeIholdsassetsi=Itoi=I+n-1

-whenfacedwithanegativeshockIsellsanequalquantityofeveryasset,where

theamountsolddependsonr,theweightofconstraintontheinvestor

-convergencetradersbuytheseassetswithadiscountthatdependsonh,the

strengthofdemand

-Themarketclearingconditionthenyields Pt=u+
Qmrt
h
+(r/h

n2
)AA Pt−1+e

F
t+1

1.2.4Vectoroftotalchangeininvestorswealth

Asmentioned,thisstudyaimsatstudyingthelinkbetweensystemicriskand

diversificationbycomparingthelikelihoodthatη∈|[1,N]|investorsgobankrupt.

Thisrequiresthatwegetthefirsttwomomentsofthethevectoroftotalchangein

investorswealthduringthecrisis.Inordertoconveymaximumeconomicintuition

whileminimizingquantitativeheavylifting,wemaketwosimplifyingassumptions.

First,wesetthemean-reversionandfundamentaldriftto0,forthreereasons:a)

ourtimeunitisa“day”inthemarket,sothatthesefundamentallong-termtrends

shouldbenegligibleanyway,b)theywouldoverloadtheequationsasarecurrence

systemwithadriftisslightlymoredemandingandc)withoutchangingtheinsights

ofourmodel,sincethevariancestructurewouldnotbechangedbytheinclusion

ofu,andverymarginallybyMR.

Second,wewillonlystudyhowstochasticshocksonassetsatt=0spreadthrough

time. Wethussetallshocksto0pastt=0forallsecurities,lettingtotallosses

dependontherealizationofthestochasticvector P0.Thisleadstothefollowing

formforassetprices:
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P0=e
F
1

Pt=(
r/h

n2
)AA Pt−1 (1.7)

=⇒ Pt=[(
r/h

n2
)AA]t eF1 (1.8)

whichnotablyimpliesE(Pt)=[(
r/h
n2
)AA]tE(eF1)=0.Figure1.2.2givesa

chronologicaldescriptionofhowavectorofshockatt=0propagatesthroughthe

simplifiedsystem:

Figure1.2.2–Sequenceofeventsfollowingashock.

Welabelas“changeinthewealthofinvestor i”theevolutionoftheaverage

priceoftheassetsini’sportfoliothroughouttheperiod. Sinceeachrowiof

matrixArepresentstheholdingsofinvestorI,thisaveragepriceshiftatperiod
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tisIt=
1
n
A Pt,andthetotalpricereturnovertheperiod,onwhichweshall

focus,is:

I=1
n
A t=+∞

t=0 (Pt)=
1
n
A t=+∞

t=0 [(r/h
n2
)AA]t eF1

Itsexpectedvalueisnull,anditsvarianceisgivenby:ΣI=E([I−E(I)][I−

E(I)]),whichyields:

ΣI=
σ
2

F

n2
[A
t=+∞

t=0

[(
r/h

n2
)AA]t][A

t=+∞

t=0

[(
r/h

n2
)AA]t]

sinceE(eF1 eF1) =diag(σ
2

F)asthefundamentalshocksareindependent

acrossassets.Letusnotethat:

-Iisalinearcombinationoftheinitialnormallydistributedshocks,soitis

normallydistributed.

-wehaveimplicitlyassumedthatthesystemisnotexplosive,i.e.,thatthe

eigenvaluesof(r/h
n2
)AAarebelowone. Welaterprove7thatthisboilsdownto

imposingtheconditionthatr<h.Theincreaseindemandfollowingadropin

pricesmustbesuperiortothatofconstrainedsupply,otherwisepricesareever-

falling.

1.2.5Assumptions

Atthispoint,itisappropriatetodiscuss4assumptionsunderlyingthemodel:

1)Stockpricesarenormallydistributed. Therelevanceofthispostulatehas

alreadybeendiscussedextensively(Andersenetal.,2001): whileadmittedlya

poordescriptionofreality,itsmeritistobeeasytomanipulate,andalsoinour

casetoallowforthestudyofthemultidimensionaldensityfunction. Wehave

7.Seeappendix1.2
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chosennormalityoverlog-normality,astheeconomiclogicofthemodeldictates

weworkwithpriceevolutionratherthanreturns.

Nonetheless,oneofthemostcommoncriticismattachedtonormalpricereturns

isthattheyareincapableofcapturingtheactualthicknessofthetails.Ourmodel

showsthatunderaparticularsetofcircumstancesthesystemendogenouslygen-

eratesadependencestructurebetweenassetswhichmakesuch“fattails”appear.

2)Themodelissymmetric. Weassumethatnegativeshocksbringsalesbut

equivalentlypositiveshocksbringpurchases.Symmetrycomespartlyfromnor-

mality,butitalsocarriestheimplicitassumptionthatconstrainedinvestorsmay

notescapetheconstrainedregionevenwhentheirwealthincreases,thatisthede-

siredquantityofassetsisalwaysbelowthatallowedbytheconstraint.Inreality

wemayexpectsomeinvestorsnottobuyassetsinresponsetoalooserconstraint

iftheyarehappywiththeirholdings.

Thisassumptionispurelytosimplifyanalysis. Onecouldincludeasymmetry

inthemodelfairlyeasily,forinstancebyspecifyingaproportionofinvestorswho

escapetheconstraintbindingregionforeachpositivepriceshift. Nonetheless,

sinceweareonlyinterestedinwhathappensintheleft-tail,achoicehasbeen

madenottoburdenthemodelwithparametersthataffecttheright-tailofthe

distribution.

3)Parametersareconstantthroughtime. Sofar,agentsstickwiththeiras-

sessmentofassetmoments,andneverquestionthisassessment.Inparticular,

convergencetradersalwaysprovidedemandwiththesamediscounth,regardless

ofthecurrentmarketconditions.Inpracticeincreasedriskaversion,orhigher

emphasisontheshort-termmayhamperdemandduringcrises. Weaccountfor

thisinsection1.3.2byallowingriskaversiontoriseinresponsetohighselling
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1.3 Multivariatedistributionofinvestorwealth

movements.

4)TheconstraintrelateslinearlyquantitiesandVaR.Asstatedinsection1.2.2.2,

amorecommonformrelatesmonetaryholdingsandVaR.Thisformalsohasthe

advantageofbeingdrivenbytheoryasitisderivedfromtherequirementthat

capitalshouldexceedtheVaR.However,asmentionedsuchaformdoesnotallow

toderiveamarketequilibrium,andweareforcedtorelatesolelyquantitytothe

VaR.

Thoughthischoiceclearlycomesfromnecessity,itmaybemorejustifiableon

normativegrounds.Inrealitythelinkbetweenshocksonportfoliosandselling

decisionsdependsuponmanyfactors,anditsexactformishardtoknow,sothat

alinearrelationshipmaynotberuledout. Forinstancelookingatthecharts

providedbyAdrianandShin(2010),alinearformbetweenleverageandasset

returnsduringcrisisappearstogiveanacceptablefit.

1.3 Multivariatedistributionofinvestorwealth

Inthissectionwediscusstheimpactofdiversificationonsystemicriskbydraw-

ingthelikelynumberofbankruptciesfromthedistributionofthevectoroftotal

changeininvestorswealth. Wethenspecifyanobjectivefunctionforsocietyin

whichthecostisanexponentialfunctionofthenumberoffailures.Forthispurpose

solvingthemodelisnotrequired,thesectionconsistsexclusivelyofsimulations.
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1.3.1Baselinemodel

1.3.1.1Choiceofparameters

Resultswilldependon4parameters:thefundamentalvarianceσ
2

F,themaxi-

mumlossKthatinvestorscanincurbeforebankruptcy,thenumberofassetsN,

andfinallytheconditionsonthemarketsr/h. Wechooseourbaselineparameter

settofitthestateofthefinancialmarketscomingintothe2008creditcrunch.

Wenormalizepricesandinitialquantitiesat t=0to1.

Toestimatethefundamentalvariancewecomputetheaveragedailyvariance

ofanassetbelongingtotheS&P500,fromthefirstofJuly1997tothefirst

ofJuly2007. Thisyieldsσ
2

F =0.000616. TheS&Pwaschosenbecauseitis

designedtoprovideabroaderdescriptionoftheinvestmentopportunitiesthan

itscounterparts,andequitiesaretheassetclasswhichsuitsourmodelthemost.

Withrespecttotheperiodchosen,inourmodelnoiseisonlyfundamentalinBAU

sothatthewindowdoesnotincludethesubprimecrisis.Neverthelessweinclude

theinternetbubble,whichweconsideredasanincreasedvolatilityepisoderather

thanasystemicevent.

AninvestorgoesbankruptwhenhislossesexceedhiscapitalK. Weusedataof

theWorldBanktosetK=0.08,thatis8%ofnormalizedassets.Thisvaluestands

betweenthereportedcapitalratiosofTier1capitalforUSbanksof9,1%in2008,

andthatofEuropeanones,usuallyaround5%. Wehavesomewhatarbitrarily

chosentobeonthehighside,toreflectthehigherweightoftheUSmarkets.

Thesefirsttwoparametershaveasimilarandstraightforwardimpactinour

model:afundamentallyriskierportfoliooralowerdefaultthresholdbothmake

eachinvestormarginallyriskier.Thusforconcisenesswekeepparametersσ
2

Fand
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Kconstantthroughoutthestudy,relegatingsimulationswithalternativevalues

inappendix1.1.

Nrepresentsthenumberofassetsinourmodelbutinessencedescribesmore

themaximumvaluefordiversification.Anecdotalevidencefrominvestmentfunds

impliesanumberofassetsbetween5and15. Furthermore,seeingN asthe

maximumdiversificationlevel,we mayfollowaclassicpaperfromEvansand

Archer(1968),whoestimatethatdiversificationisnolongerprofitablepast10

securities,abeliefsharedamongstpractitioners. WethussetN=10,fornow. We

willstudyinsection1.4theimpactofrisingNto20,asinContand Wagalath

(2014).

Withrespecttomarketconditions r/h,westudy3scenarios:

-a“mild”oneinwhichtheconstrainedagentsareforcedtosellassetsinfairly

smallquantitieswhenashockhits,andthedemandbyactiveinvestorsforsuch

assetsisstrong.r/h=0.6

-a“windy”scenarioinwhichthequantitiessoldbyconstrainedagentsandthe

demandbyconvergencetradersarebothmoderate.r/h=0.75

-a“storm”scenarioinwhichthepro-cyclicaleffectoftheVaRconstraintis

large,anddemandresponseisweak.r/h=0.9

Studying3scenariosresultspartlyfromthelackofdataonfiresalesbyin-

vestors8,butismostlyinterestingaspartofouranalysis.

8.Therehasbeenempiricalevidenceonthepresenceoffiresales(seeforinstanceCovaland
Stafford(2007)),butitishardtouseitforcalibrationasresearcherscanonlyconjecturethata
givensalehasbeenmadeoutofnecessity,andtheirimpactonprices.
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Chapitre1Portfoliodiversificationandendogenousrisk

1.3.1.2 Distributionoftotalnumberofbankruptcy

Figure1.3.1summarizesourapproachofsystemicriskintheintermediatesce-

narior/h=0.75.Eachpossiblenumberofinvestorfailures,from0toN=10,has

aprobabilitygivenbythemultivariatecumulativenormaldistribution,andwe

studyhowthisprobabilityvarieswiththelevelofdiversification.

Figure1.3.1–Distributionofnumberofbankruptciesinstableregimewithr/h=
0.75.

Thedualimpactofdiversificationappearsclearly.Asnrisesinvestorsbecome

moreandmoredependent,outcomesinwhichsomeinvestorsfailbutothersurvive

becomelesslikely.Inthetotaldiversificationcase,onlythe“allsurvive”andthe

“allfail”outcomesarepossible. Duetotheindividuallyrisk-reducingimpactof

48



1.3 Multivariatedistributionofinvestorwealth

diversification,the“allsurvive”equilibriumincreasesfasterinlikelihood,yetwe

alsoobserveagradualdetachmentfrom0ofthelikelihoodthateveryinvestorfail,

reachinganon-trivial0.005%forn=10.Inthiscasetheoveralldesirabilityisthus

ambiguous,andwillcruciallydependonhowpainfulmassfailureistotheentire

economy.

Figures1.3.2,1.3.3,and1.3.4zoominonnumberoffailureslargeenoughto

constituteasystemicevent,forallvaluesofr/h.

Figure1.3.2–Extremebankruptciesodds,r/h=0.6.
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Figure1.3.3–Extremebankruptciesodds,r/h=0.75.

Figure1.3.4–Extremebankruptciesodds,r/h=0.9.
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1.3 Multivariatedistributionofinvestorwealth

Infigure1.3.2weseethatanynumberoffailureabove6hasanearzerolike-

lihood. Forlowlevelsofdiversificationthisresultsmainlyfromthehigherin-

dependencebetweeninvestors,forhighlevelsofdiversificationitcomesfromthe

factthatwithr/h=0.6shocksquicklydieout,sothatthecontagionexternal-

ityislimited.Infigure1.3.3thescopeforcontagionisincreasedaswemoveto

r/h=0.75.Intheextremer/h=0.9case,shockstransmitalmostfullyacrossin-

vestors,sothattheprobabilityofmassfailureincreasesdrastically.Inparticular

theoddsattachedtothe“all-fail”outcomereachesupto15%whenn=N.Inthis

casepromotingalowerlevelofdiversificationamongstinvestorsseemssensible.

1.3.1.3 Welfare

Weweighttheprobabilityattachedtoagivennumberoffailuresagainstthe

costattachedtoit.

Ifthecosttosocietyincreasedinalinearfashionwiththenumberoffailures,

diversificationwouldunambiguouslybedesirablefromsociety’sperspective.Yet

therearemanytheoreticalreasonsforwhichthiscostmayinfactgrowexponen-

tiallywiththenumbersofdefaults.Inparticular,thewell-identifiedchannelsfor

contagionmaybeenhancedbybankruptcies:weexpectsurvivinginvestorstobe-

comemuchmoreriskaverse,reputationrisktosky-rock,theliquidityconstraint

totighten,etc.FiordelisiandMarqués-Ibañez(2013)forinstanceshowempirically

thatbankfailureshaveastrongimpactonassetprices. Bernanke(1983)also

pointsoutthatfinancialbankruptcieshaveamorethanproportionalimpacton

therealeconomy,throughdecreasedmoneysupplyandincreasedcostoffinancial

intermediation.
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Chapitre1Portfoliodiversificationandendogenousrisk

Perhapsduetothishighvarietyofchannelsandnon-linearity,itishardto

estimatetheexactcosttosocietyoffinancialbankruptcies.Authorswhowantto

modelthiscosthaveuseddifferentmathematicalartifices.ForinstanceIbrahimov

etal.(2012)defineatimetorecoveryforthesystem,whichdependsofthenumber

ofdefaults. Wesimplyspecifythefollowingcostfunctionforsociety:

C(η)=eβη

whereη,thenumberoffailures,isarandomvariable,andβmitigatesthe

severityoftheincreaseinthecosttosocietyofanadditionalfailure. Weshow

resultsforvaluesofβ∈]0,0.72]. Wepickthisintervalbecauseitcontainsthe

interestingcases.β=0.72representsaveryhighexponentialityofmassfailures,

asitimpliesanaveragecostofasinglebankruptcythatis65timeslargerwhen

η=Nthanitiswhenη=1.

Theexpectedcosttosocietyreads:

E(C)= η=N
η=0 P(η)C(η)

wheretheprobabilitiesP(η=i)wereobtainedintheprevioussection. The

next3figuresshowtheexpectedcostforourthreevaluesofr/h,acrossβandn.

Thebluelineandtheblacktrackthelevelofdiversificationforwhichtheexpected

costtosocietyforagiven(r/h,β)coupleisthelowest,orhighestrespectively.
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1.3 Multivariatedistributionofinvestorwealth

Figure1.3.5–Desirabilityofdiversification,r/h=0.6.

Figure1.3.6–Desirabilityofdiversification,r/h=0.75.
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Chapitre1Portfoliodiversificationandendogenousrisk

Figure1.3.7–Desirabilityofdiversification,r/h=0.9.

Unsurprisingly,ahigherβunambiguouslyworksagainsthigherlevelsofdiver-

sification,inwhichmassfailureismorelikely. Graphicallythisisshownbythe

leftturnsofthebluelineplottingtheoptimaldiversificationlevel.

Theimpressionfromtheprevioussectionremains.Inther/h=0.6casethe

contagionexternalityistoomodestfordiversificationnottobedesirable.However

withlargevalueofβtheoptimallevelofdiversificationgoessurprisinglylow,

reachingn=5.Inr/h=0.75thesamelogicapplies,leadingtheoptimallevelto

n=3forahighβ.Inwordsthismeansthecostofanincreaseinthedependence

betweeninvestorsisstillacceptableinexchangeforthehugeprivatebenefitsof

movingfromn=1ton=2andn=2ton=3.Thecontagionexternalityislarger,

leadingn=Ntobecometheleastdesirablelevelforβ>0.7.Inthelastr/h=0.9

situation,thescopeforcontagionissohighthatnoindividualriskreduction

justifiesitpastβ=0.4. Theperfectlydiversifiedsituationbecomestheworst

possiblesituationrapidly,whenβ>0.2.
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1.3 Multivariatedistributionofinvestorwealth

β=0.7impliesthattheratioofunitoffailureinthe“allfail”overthatinthe

“oneonly”caseisabout54,whileβ=0.4impliesaratioof3.65.Asmentioned

thismeasureisbasedmoreonintuitionthanevidence,weleaveittothereader

toassesswhereitstruevaluewouldstand.Inanycaseitsseemsfairtosay

that,inasituationinwhichfinancialshockspropagateslinearly,thereexistsa

reasonablesetofparametersinwhichanylevelofdiversificationintheeconomy

isdominatedbyasituationinwhichinvestorstradeonlytheirownassets,and

completediversificationisgenerallynottheoptimallevelforsociety.

1.3.2 Withpossiblepanic

1.3.2.1Changeinframework

Rememberthedemandresponsetoadeviationfromfundamentalsbyconver-

gencetradersisgivenbyh= mτmt
E(σ

2

t+t∗
)
. Wenowallowthestrengthofthisdemand

responsetochangeinthefaceofextremesellingmovementonthemarkets.Inthis

set-upthiscouldhappenbecauseMTinvestorsreviewtheirestimationofthevari-

anceE(σ
2

t+t∗)inperiodsofhighervolatility,orbecausetheirriskaversion1/τmt

rises,astheybegintodoubttheirshort-termabilitytoabsorbescalatinglosses.

Somewhatarbitrarilywedecidetoattributetheriseinr/htoriskaversionwhen

salesgobeyondacertainthresholdk∗.Thesystemnowwrites:

Pt=(
r/h∗

n2
AA)teF1 if∃ qi,| qi|>k

∗

Pt=(
r/h
n2
AA)teF1 if∀ qi,| qi|≤k

∗

whereh∗isthediscountprevailinginasituationof“panic”.Thereforeinthis

frameworkinvestors“panic”whenconstrainedsalesgetpassedk∗onagivenmar-

ket.Itmaythusonlytakeoneextrememovementononemarkettotriggerpanic.
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Bothexperienceandtheorymayjustifythisform:increasedriskaversionishighly

contagioussothatinvestorsoperatingonthetroubledmarketmayleadothersto

growmoreriskaverse,accruedcounterpartuncertaintyishigherwhenoneasset

fallsdrasticallythanwhenallfallmoderately,margincallsmaybetriggeredwhen

lossesexceedacertainlevel,etc.

Wenoteαtheprobabilitythatoneormoremarketreachthesalesthreshold.It

isgivenbythemultivariatecumulativenormaldistributionΦsincesalesdepend

linearlyonthepriceshocksatt=0,whicharenormallydistributed. Wethushave

1−α=prob(∀ qi,| qi|≤k
∗)=Φ(k∗,...,k∗).Theexpectedvalueandvariance

ofthesalesvectoratt=0arerespectively0andΣ Q=σ
2

F(
r
n2
AA)2.

Twothingsshouldbenotedhere:firstthistechniqueisconsistentwithour

set-upsincethesalesarethelargestatt=0. Thismeansthethresholdiseither

immediatelyorneverreachedinourframework,butinbothcasesr/h∗ofr/h

remainsconstantafterward.Inotherwordstheinitialsalesshock“setsthetone”

fortherestofthecrisisepisode. Second,theexpectedvalueof Ptremains

zeroregardlessoftheregime,sothatthevariancewithpanicisgiven9byΣt=

αΣPt+(1−α)Σ
NP
t ,wheresubscriptsPandNPrefertothe“panic”and“nopanic”

casesrespectively.Similarlythevariancesforinvestorsovertimeissimplythe

weightedaverageofcovariancesmatricesinthepanicandnopaniccases:

ΣI=αΣ
P
I+(1−α)Σ

NP
I (1.9)

9.Usingtheconditionalvariancedecompositionformula:
Σt=[Σt/∀ qi:| qi|<k∗)+(E(Pt/∀ qi:| qi|<k∗))

2]P(∀ qi:| qi|<k∗)
+[(Σt/∃ qi:| qi|>k∗)+E(Pt/∃ qi:| qi|>k∗))

2]P(∀ qi:| qi|>k∗)−[E(Pt)]
2

whereE(Pt)=0andE(Pt/∀ qi: qi<k∗)=E(Pt/∃ qi:| qi|>k∗))
2=0,as

thedistributionof Qissymmetric:
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1.3 Multivariatedistributionofinvestorwealth

1.3.2.2 Distributionofinvestorsbankruptcy

Inthelastsectionwehaveseenr/h=0.6impliesaverylimitedscopeforconta-

gion,r/h=0.9alargeone.Thesevaluesarethusnaturalcandidatestoestimate

thenopanicandpaniccaserespectively.Regardingthepanicthreshold,similar

tolastsectionwetrythreevalueswhichrepresentrespectivelylow,moderate,

andhightendencyforshort-terminvestorstopanic,forwhichpanicistriggered

forinitialshocksofrespectively0.05,0.01and0.005,normalizingr=1,i.e.,5%,

1%and0.5%ofnormalizedtotalquantityofeachasset10.Figure1.3.8to1.3.10

summarizeourfindings.

Figure1.3.8–Extremebankruptciesodds,lowpanic.

10.Thesevaluesmayappearlowbutoneshouldrememberourtimeunitisa“day”.
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Figure1.3.9–Extremebankruptciesodds,moderatepanic.

Figure1.3.10–Extremebankruptciesodds,highpanic.
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1.3 Multivariatedistributionofinvestorwealth

Infigure1.3.8,theextremesellingrequiredtotriggerpanicisveryunlikely

tohappenwhenn>2,sothatthefigureresemblesthenon-panicr/h=0.6case.

Extremefailure,particularlytheallfailoutcome,isveryunlikely. Ontheother

hand,whenn=1thepossibilityofapanicexists,whichmayyieldaconsiderable

numberoffailures,withnontrivialoddsofasmuchas80%ofinvestorsgoing

under.

Theintermediateandeasypaniccasesbringnewlighttoourresults.Inthe

moderatepaniccase,forrealisticvaluesofβthelikelihoodoftheall-failoutcome

ismaximizedatn=4intheintermediatecase,n=5intheeasypanicone.Inother

words,intermediatelevelsofdiversificationwhichwereanattractiveoptionwithout

panicnowseemparticularlyharmful,becausesuchlevelsarenotefficientenoughin

smoothingthewealthshocksfacedbyportfolioholders,butprovidelinkagesthrough

whichshocksmayspreadacrossassets.“Medium-low”levelsalsoappearquite

undesirable,withoddsthatη=9andη=8significantlyabovezerowhenn=2

orn=3.

Figure1.3.11ondesirabilityconfirmsthisintuition:intheintermediatepanic

caseandeasypanicone,n=4andn=5becometheleastdesirableoptionfor

respectivelyβ=0.42andβ=0.3,whichimpliesaunitcostoffailureintheall

failcaseoverthatintheonefailonlyof4.38and1.48.
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Figure1.3.11–Desirabilityofdiversification,highpanic.

Anotherinterestingfeatureoftheintermediateandeasypaniccasesisthatthe

costisaperfectlyconcavefunctionofthediversificationlevelfornearlyallvalues

ofβ.Thisleadstheextremeoutcomes“highdiversification”and“nodiversifica-

tion”tobecomerelativelymoredesirable,particularlytheformer.Indeedinthe

intermediatecase“nodiversification”becomesthepreferredoptionforaveryhigh

β,contrarytothenopanicset-up,whileinbothcasesveryhighlevelsofdiversi-

ficationarenolongertheleastdesirableoptionevenwithahighexponentialityof

massfailure,butremainthemostdesirableonewithalowβ.Ahighdiversifica-

tionleveln=9/10isoptimalifβ<0.36intheeasypaniccaseandβ<0.7inthe

intermediateone,implyingaratioof2.55and54respectively.
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Ontheseintervals,diversificationthusprovidethefirst-bestallocationifit“goes

alltheway”,buttheworstoneifit“stopshalfwaythrough”. Thissuggeststhat

thereisacriticalthresholdlevelofdiversification,pastwhichdiversificationis

desirable,butbelowwhichnodiversificationshouldbepreferred.Theseconclusions

complementthoseofCacciolietal.(2014)whofindthatwhenleverageisabovea

criticalvalue,diversificationhasnon-monotonicimpactontheoddsofacascade

ofdefault,whichtheydefineas5%ormoreofinvestorsfailing.

1.4Covariancesandextensions

1.4.1Endogenouscovariances

Inthissectionwesolvethemodeltoderiveananalyticalexpressionforcovari-

anceatagivenperiodΣt,acrosstimeΣtot,andinvestorsacrosstimeΣI. This

allowsustorelatethisstudytotheliteratureonendogenousrisk,andconfront

ourformittoevidence.Thediscussiononthefactorsthatimpactcovarianceswill

alsopavethewayforthestudythesystemicimpactofariseinthenumberof

assetsNandachangeinthepatternofassetholdings.

Analyticalexpression

DrawingthegeneralelementofΣt,Σtot,andΣIinvolvesdiagonalizingmatri-

ces(AA)t, t=+∞
t=0 [(r/h

n2
)AA]t,and1

n
A t=+∞

t=0 [(r/h
n2
)AA]t. Thisismadequite

straightforwardbythefactthatthesematricesareallcirculant.Thedemonstra-

tionisofmostlytechnicalvalue,sothatwerelegateittoappendices1.2to1.5.

Weobtainthefollowingexpressionsforthecovariancebetween kandj,which
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representrespectivelyassetpricechangeperperiod,intotal,andtotalinvestor

wealthchange:

cov(pj, pk)t=
σ
2

F

N
(
r/h

n2
)2t(2

q=(N−1)/2

q=1

cos(
2π(k−j)q

N
)
1−cos(2πnq

N
)

1−cos(2πq
N
)

2t

+n4t)

(1.10)

cov(pj, pk)tot=
σ
2

F

N
((

1

1−r/h
)2+2

q=(N−1)/2

q=1

cos(
2π(k−j)q

N
)(

1

1−(r/h
n2
)(
1−cos(2πkn

N
)

1−cos(2πk
N
)
)
)2)

(1.11)

cov(Ik,Ij)tot=
σ
2

F

N

1

n2
[(n

1

1−r/h
)2+2

q=(N−1)/2

q=1

cos(
2π(k−j)q

N
)

1−cos(2πknN )

[1−cos(2πkN )][1−(
r/h
n2)(

1−cos(2πknN )

1−cos(2πkN )
)]2
]

(1.12)

InthecaseinwhichNisodd11.

Thesecovariancesaredefinedsimultaneouslyanddependuponthesamefactors:

theconditionsonthemarket12r/h,thefundamentalriskσ
2

F,thedistancek-jinthe

financialnetwork,thenumberofassetsN,andofcoursethelevelofdiversification

11.TheexpressionschangeslightlywhenN iseven,forinstanceinthecaseassetsprices

changeperperiod:cov(pj, pk)t=
σ
2

F

N(
r/h
n2)

2t(2
q=(N/2−1)
q=1 cos(2π(k−j)qN )

1−cos(2πnqN )

1−cos(2πqN )

2t

+

n4t+cos(πq)
1−cos(2πnqN )

1−cos(2πqN )

2t

),

12.Atechnicalpoint:h= mτmt
E(σ

2

t+t
)
,whereE(σ

2

t+t)istheassessmentoftheindividualprice

variance.Ifthisassessmentwerecorrect,i.e.,E(σ
2

t+t)=σ
2

t+t,thenderivingthecovariance

σ
2

t+t wouldimplysolvingafixed-pointproblem,astheexpressionforσ
2

t+t woulddependupon
itself.Howeverthisfixedpointproblemiscomplex,andthequestionofwhethertheequilibrium
isrationalornotisnotthemaingoalofthechapter. WethusletE(σ

2

t+t)asaparameter

whosevaluemaybeσ
2

t+t ornot,notingonlythatitenterpositivelyinintheexpressionfor
cov(pj, pk)t,thatiswhen MTinvestorexpectahighvolatilityassetpricescovarianceis
higher,asexpected.

62



1.4Covariancesandextensions

n. Aswewillseeinnextsection,thetwoexpressionsonwhichwefocus,(1.11)

and(1.12),willinfactmovecloselytogether.

Theexpressionsaboveareinlinewiththeliteratureonendogenousrisk:theac-

tionsofthemarketparticipantsleadtocorrelationsbetweenassetsthatwouldnot

existotherwise.Parametersσ
2

Fandr/hinparticularcanberelatedtoDanielsson

etal.(2012)andContetal.(2014),whoprovideexpressionsofthecovariance

matrixthatdependonthefundamentalcovariancestructureandsomeeconomic

variablethatgovernstothetransmissibility. Weaddthe“network”parametersn,

Nand(k-j).

Whatifweallowforpanic?Sincethecovariancematrixissimplytheweighted

averagebetweenthatinthelinearh/r=0.6caseandtheh/r=0.9one,wehave

cov(pj, pk)=αcov(pj, pk)
P+(1−α)cov(pj, pk)

NP forallthreeforms.

Theimpactofeachfactorcanbesplitintohowitimpactscovariancesinagiven

regimeandhowitimpactsthelikelihoodofeachregime.

Comment

Westudytheeffectofn,Nand(k-j),impactstudiesofr/handσ
2

Fareavailable

onrequest13.Foreachfactorwefirstdiscussitsimpactintheh/r=0.75linear

model,thenthatintheeasypaniccasewhichinouropinionprovidesabetter

descriptionoftherealityofcrises. Wekeeptheparametersetfromsection1.3.

Ascouldbeexpectedfromsection1.3,diversifyingamountstotransferring

somevariabilityfromtheneighboringassets/investorstothemoredistantones.

Asshownbyfigure1.4.1,asnrisesallassets/investorsbecomemoreandmore

13.Parameterσ
2

F risesallcovariancesuniformly,whileahighh/rincreasesmorethecovari-
ancesandcorrelationswithmoreremoteassets/investors,asitimpliesthatagivenshockreaches
pointsthatarefurtherawayinthenetwork.
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relatedandallcovariancesconvergetoasimilarvalue14,asshownbyfigure1.4.1.

Figure1.4.1–Covariancesasafunctionofnforallvaluesof|k-j|.

Interestingly,weseethatadirectconnectionbetweentwoassets/investorsdoes

notnecessarilyenhancestheircovariance.Forinstancemovingfromn=2ton=3

lowersthecovariancebetweenjandj+2whenh/r=0.9.Thisreflectsthefact

thatwhenh/r=0.9andn=2thelossesontroubledassetssnowballtothepoint

wherethegainfromspreadingwealthshocksthroughdiversificationexceedsthe

costofadirectconnection.

Figure1.4.2describesthepanicset-up.

14.Notethatcomparedtoinvestors,eachassetkeepsalargerauto-correlation. Thiscomes
fromthefactthatatt=0itspricechangesareunrelated,whileasnrisesportfoliosmovein
moreandmoresimilarfashionevenatt=0.
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Figure1.4.2–Covariancesasafunctionofnforallvaluesof|k-j|,panic.

Asnriseswealthshocksandthusfiresalesbecomeweaker,sothatthepanic

thresholdishardertoreach.Asthelikelihoodoftheno-paniccaserises,average

covariancesfalltotheirh/r=0.6levels,inwhichtransmissibilityislower.However

thepatternsofconvergenceacrossassetsremainthesame.Thisfigureisalsocon-

sistentwithourfindingthatintermediatelevelsofdiversificationareparticularly

harmful,assuchlevelsprovideauniquemixofhomogeneityofthecovariancesand

significantlikelihoodofpanic.

TheimpactofN,whichwealsoconsiderasanindicatorofthecompletenessof

themarkets,iscontingentonthelevelofdiversification.Toseewhyletuspicture

thefinancialnetworkasacircleandashockstemmingfromaparticularassetas

awaverunningthroughit. Whenawavehasranthroughallassetsitreturnsto

theassetwhichoriginatedtheshock,whichwelabelas“secondround”impact.

Inourhomebiasednetworkthewavemovesslowlyfromneighbortoneighbor,

andthussuch“secondround”effectshavelittleimpactwhennislow,evenwith

h/r=0.9.Howeverwhennrisesandthespeedatwhichtheshockcompletesthe
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circleincreases,secondroundeffectsbecomeimportantandlossesconvergetothe

samevalueacrossassets/investors.

Inthiscaseaddingmoreassetsisverydesirablefromacovarianceminimizing

perspectiveasitdividesthetotalfallacrossmoreasset/investors. WhenN=+∞

,i.e.,marketsareeffectivelycomplete,thecovariancestendto0. Figure1.4.3

showsthisbyplottingthecovariancebetweenassets/investorsjandk=j+2for

n∈[1,10].

Figure1.4.3–Covariancesbetweenjandk=j+2asafunctionofNforallvalues
ofn.

InthepaniccasetheimpactofNbecomesaprioriambiguous.Ononehandfire

salesarelesslikelyaseachinvestorissafersincethecovariancesbetweenassets

inhisportfolioarelower.Ontheothermoreassetsmeansthatthelikelihoodof

asingleextrememovementincreases. Fromthisperspectivefigure1.4.4,which

plotsthecovariancebetweenassetsjandk=j+2,isinteresting.
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Figure1.4.4–Covariancesbetweenjandk=j+2asafunctionofNforallvalues
ofn,panic.

Firstandforemostthetrendisstilltoadecrease. Thismeansthenegative

relationshipbetweenN andcovariancesineachregime,similartofigure1.4.3,

dominatestheimpactofNontheprobabilityofpanic.Thisrelationshipremains

monotonic,sothatincreasingNstillsunambiguouslylowersthecovariances.

Nevertheless,theimpactofNontheprobabilityofpanicchangesthepatternsof

falls.Lookingatthehighestn,thefunctionbecomesconcaveonsomesegmentsof

N∈[10,20].Onsuchsegmentsthefallisthenlowerthanitsnopanic-counterpart,

implyingthatthemarginalimpactofNonthelikelihoodofpanicispositive.It

islogicalthatthisoccursforhighlevelsofdiversificationsinceforthoselevels

the“anti-panic”impactofNislow,asinvestorsarealreadyquiteinsuredagainst

shocksthroughdiversification. Whenthelikelihoodofpanicapproaches1however,

botheffectsonpanicdieoutandthefunctionretakesits“no-panic”evolution.

Interestingly,thelevelsofdiversificationforwhichNlowerscovariancesthemost

aretheintermediateones,whichappearedparticularlydetrimentalfromasystemic

riskperspective.
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Theroleplayedbydistancealsodependsonn,aswhenmoreandmorein-

vestors/assetsbecomeconnectedtheinitialpositioninthenetworkbecomesirrel-

evant.Nonethelessdistanceishighlyexplicativefordiversificationlevelsbelowor

equaltoN/2,asFigure1.4.5shows.Forinstanceinthen=4caseassetcovariance

betweendirectneighborsistwicethatwithmostdistantones.Therelativemag-

nitudesareverysimilarforh/r=0.6orh/r=0.9,sothatthepaniccasegivesthe

samepatternexceptforthefactthattheaveragecovariancefallswithαsimilarto

figure1.4.2.

Figure1.4.5–Covariancesjandkasafunctionof|j-k|,forvaluesofn.

Thisimpactofdistanceisinlinewithempiricalevidence. Manypapers,such

asLaneetal.(2004)havedemonstratedempiricallythatinformationaldistanceis

stronglynegativelycorrelatedwithbilateralequityholdings.Gravityapproaches

toestimatingcorrelationusuallyprovidegoodfits. Onthelinkbetweencovari-

ances/correlationsanddistanceduringcrisis,theevidenceisnotasdefinite.This

maywellbeduetothefactthattherealimpactofafinancialcrisisisoftenhigherin

emergingcountries,sothatfundamentalfactorsdominateendogenousonesthere.
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SurprisinglylittleworkhasbeenundertakenoncorrelationsduringtheSubprime

crisis,butwemaynotethatbyNaouietal.(2010)whosuggestthatcorrelations

withtheUSincreaseduniformlybyabout80%indevelopedcountriesduringthe

crisis,whiletheriseismuchvariableforemergingones.Anecdotalevidencethat

thecrisisoriginatedintheUSalsosuggeststhatdistanceisimportantinstudying

contagion.

Thenegativerelationshipbetweencovariancesanddistancemayalsoberelated

totheso-calledhomebiaspuzzle:sincemoredistantassetshavelowercovariances,

investorsapparentlyforgodiversificationbenefitsbyfailingtoincludethemin

theirportfolios.Inourmodelinvestorsnotonlypotentiallymissoutonlower

fundamentalcovariances,buteffectivelytakeonendogenousriskwhichisatleast

partlyavoidable.Figure1.4.6showsthevariancebenefitsoffollowinganonbiased

strategyinournetworkwithhomebias.

Figure1.4.6–Homebiasedversusnon-biasedinvestor.
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Therearesubstantialprivatebenefitsfromdeviatingfromhomebiasesinthe

earlystagesofdiversification.Suchbenefitsarenolongersignificantaroundthe

N/2level.Attheinvestorlevel,accountingforendogenousriskthusincreasesthe

incentivetoacquirecostlyinformationorpayhigherfees.

1.4.2Systemicriskimpactofachangeinthenetwork

Theimpactofthecompletenessofmarketsanddistanceoncovariancesraises

thequestionofthesystemicimplicationsofawidernetwork,i.e.,withalargerN,

andanon-biasednetworkinwhichdistancebecomesirrelevant.Forconciseness

weonlydiscusstheeasypaniccase,asalevelofdiversificationdesirableinthe

mostextremescenariomustbedesirablealsointheotherones. Weprovideanother

extensioninappendix1.6,studyingthesystemicimpactofintroducingspeculators

inthemarket.

1.4.2.1 Optimalnetwork

Letusimagineanetworkwithoutbiasinwhicheachinvestorpicktheportfolio

thatminimizeshisendogenousrisk.Forinstanceifn=3,aninvestoroftypeI

wouldholdtheassetiheisendowedwithandpickthetwoassetsthataretheleast

correlatedwithhis,thatistheassetsthatotherinvestorsoftypeIholdtheleast.

ThrougharbitragetheaveragequantitybyinvestorsoftypeIofallassetsother

thantheirownshouldthusconverge.Thesumoftheseaveragequantitiesshould

betwicetheholdingofisincen=3andinvestorsideallyspreadtheirholdings

equallyacrossassets.Ingeneral,theaverageholdingbyIshouldbe1ofi,and

n−1
N
ofotherassets.
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Wesawinprevioussectionthatsucha“homebiasfree”networkenhancesthe

marginalresilienceofeachinvestorbyloweringthecorrelationbetweentheassets

heholds.Howeveritalsoimpliesthatthecorrelationbetweenallinvestorsbecome

homogeneousmorerapidly.Swappingnetworksthusaprioriinvolvesweighingup

thesamecostsandbenefitsthatthoseofincreasingthelevelofdiversification:

highercontagioncostsversusindividuallysounderbenefits.Figure1.4.7plotsthe

differencebetweendensitiesinthenewnetworkandthoseinthepreviousone.

Figure1.4.7–Bankruptciesodds,comparisonhomebiased/optimalnetworks.

Thehigherindividualresilienceisreflectedinthefactthatthelikelihoodofthe

“all-survive”outcomeishigherintheoptimalnetworkforalllevelsofdiversifica-

tion.Yetthefastercontagioncostisalsovisible:forlowlevelsofdiversification

wehaveahigherprobabilityoftotalfailureη=N,thoughforsuchlevelsthe
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increaseddependencebetweeninvestorsalsobringsastrongfallintheoddsof

intermediatenumberoffailures.Fortheselevelsofdiversification,thedesirability

ofmovingtoanoptimalnetworkshouldthusdependonhowexponentialthecost

offinancialfailuresis. ForinstanceintheN=10andn=3casethe“optimal”

networkispreferableonlywhenβ<0.32,whichmeansaunitcostoffailurethat

is1.78timeslargerwhenη=Nthanwhenη=1.

Yetthecontagioncostweakensasnrisesasaneweffectstartskickingin:an

optimalnetworkspreadssalesacrossassetswhichlowersthelikelihoodofpanic.

Thereforepastn=4,movingtoanoptimalnetworkappearsunambiguouslydesir-

able.Interestingly,thelevelsofdiversificationforwhichtheshiftappearthemost

desirablearetheintermediateones,whichwerethemostdangerouspreviouslythis

easypaniccase.

Fromatechnicalstandpoint,notethatthesetwonetworksareequivalentin

Cacciolietal.(2014),butnotinourset-up.Changingqualitativelythenetwork

toaccountfordifferentheuristicsthushasasignificantimpactonourresults,as

weshallverifyinthefollowingsection.

1.4.2.2 Widernetwork

WemovefromaN=10networktoaN=20one,asinContandWagalath15. We

choose16tocompareonlysimilarabsolutelevelsofdiversification,i.e.,n∈[1,10]

evenforN=20,andnormalizefailuresastheproportionofinvestorsgoingunder,

i.e.,η=10withN=10isequivalenttoη=(19,20)whenN=20.Importantly,our

15.GreenwoodandThesmaruseanumberofassetof42,butinourcontextthecomputational
burdenrisesexponentiallywithN,andthesimulationsonN=20casealreadytook10daysto
complete.
16.Puttinginperspectivebothcasesrequireschoices. Shouldwecomparethepoint(n=
10,η=10)whenN=10to(n=10,η=10)orto(n=20,η=20)whenN=20?
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choiceofabsolutenandrelativeηyieldsthesituationinwhichthedesirabilityof

N=20overN=10isminimized.Theresultspresentedarethusaminima17.

Figure1.4.8plotsthedifferencebetweendensitieswithN=10andthosewith

N=20.

Figure1.4.8–ImpactofincreasingNonsystemicrisk.

Thelikelihoodoftheextreme“allfail”outcomeishigherwhenN=10.Again,

thedifferenceismostpronouncedfortheintermediatediversificationlevelswhich

werepreviouslydeemedparticularlydangerous.The“allsurvive”outcomeisalso

morelikely.Thisresultsfromthefactthatincreasingthenumberofassetinduces

moreindependenceacrossinvestors,thusreducingtheoddsofperfectlysymmetric

situations.Inresponse,theintermediatelevelsoffailurebecomelesslikelywhen

17.OneshouldalsonotethatincreasingNactsuponthecovariancestructure,butalsohasa
combinatorialsidewhichmaynotberelevanthere.Then=1showsthiscombinatorialeffect,as
withnodiversificationtheproblemsimplyamountstopickingηoutofNinvestors.Areassuring
sightisthatthisvalueofnappearsquiteindependentoftheothers,whichimpliestheimpact
ofNgoesprimarilythroughthecovariancestructureforn>1.
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N=10,withvariouspatternsdependingonn. Whennisfairlylow,positivebut

moderateproportionsofinvestorsgoingbankruptbearmostoftheadjustment,

whichprobablyreflectthefactthateachinvestorissaferwhenN=20duetolower

covarianceacrossassets. Asnrisesandthisindependencenaturallyfalls,the

differencebecomesmorehomogenousacrossallintermediatelevelsoffailures.

Inanycase,thefactthatthe“all-fail”outcomeissignificantlymorelikelyinthe

N=10caseimpliesthatN=20oughttobemoredesirable,evenforarelativelylow

exponentialityofthecosttosocietywiththenumberoffailures. Thisfindingis

incontrastwiththatofCacciolietal.(2014)whofindanambiguousimpactof

risingtheN/nratio.

1.4.2.3 Widerandbetter

Figure1.4.9showsthedifferencebetweenanoptimalandabiasednetworkwhen

N=20,tobecomparedwithfigure1.4.7whichgivesthesameinformationwhen

N=10.
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Figure1.4.9–Bankruptciesodds,comparisonhomebiased/optimalnetworks.

Comparingthistofigure1.4.7showsthatthesystemicriskreducingimpactof

increasingNishigherwithouthomebias.Inparticularweobservethatthemag-

nitudeoftheincreaseinthelikelihoodoftheall-failoutcomeforlowlevelsof

diversificationbecomesrelativelysmallerwhenN=20,makingthesetofparam-

etersforwhichanoptimalnetworkmaybeundesirableevensmaller.Therefore

a“wider”andamore“optimal”networkarecomplementary. Thisisconsistent

withourfindinginsection1.4.1thatincreasingNisparticularlydesirablewhen

thefinancialshocksspreadquicklythroughthesystem,whichisthecaseinan

optimalnetwork.

Figure1.4.10looksatthedesirabilityofthewiderandbetternetwork,tobe

comparedwiththeeasypaniccaseinfigure1.3.11..
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Figure1.4.10–Desirability,optimalandwidernetwork.

Thecontrastisevident:thenodiversificationcaseremainsthemostundesirable

optionforβ∈]0,0.48],whichincludesvalueofβforwhichnodiversificationwas

thepreferredoptioninthebaselinescenariooffigure1.3.11.The“worst”levelsof

diversificationwhenβ>0.48remainverylowatn=2/3.Thefigurealsosuggests

thatintermediatelevels,whichwerequicktobecometheleastdesirableoption,are

nowquicktobecomethebestone.Thisfindingisinaccordancewiththesignificant

impactthatrisingNandchangingthepatternofassetholdingshavehadonthe

likelihoodoffailures.

Inthe“baseline”easypaniccase,systemicriskwasmaximizedaroundn=5,

pastwhichmorediversificationwasdesirable,butsuchlevelswerenotoptimal

withβ>0.36.Herethemaximumisreachedmuchearlier,andthefirst-bestlevel

ofdiversificationisunambiguouslybeyondit.Inotherwordswhenmarketsare

completeandinvestorsarenotbiased,thewindowforwhichdiversificationmay

76



1.5Conclusion

beharmfulismuchreduced,andthefirstbestallocationisareachablediversified

one. Therefore,thethresholdpastwhichdiversificationbecomespreferredtono

diversificationfallswiththecompletenessofmarketsandthe“efficiency”ofasset-

holdings.

1.5Conclusion

Thischapterhasusedanewbottom-upapproachtostudyofsystemicandasset

covariances,inlinewiththeemergingendogenousriskliterature. Weareableto

provideathoroughanalysisoftheimpactofdiversificationonsystemicrisk,for

anypossiblelevelsandnumberofdefaults. Wefindthatinequilibrium,diver-

sificationincreasestheprobabilityofmassfailurebutdecreasesthatofallother

non-zerofailureoutcomes.Thisleadstodiversificationtobegenerallydesirable

duringbusinessasusualperiodswithlowtransmissibilityofshocks,butnotwhen

transmissibilityrisesandthecostofmassfailurerisesishigh.

Howeverinthisstudythelinkbetweendiversificationandsystemicriskedges

onadeeperquestion:iscontagiondrivenprimarilybyhumaninstinctsorbyhard-

wiredfeaturesofthefinancialmarkets?Indeed,assoonasweintroduceheuristics

whichinouropinionprovideabetterdescriptionoftherealityofcrisis,anew

desirablefeatureofdiversificationappears.Lowerfluctuationstoinvestorswealth

bringslowersellingmovements,minimizingthepossibilityofpanic.

Inthiscontexttherelationshipbetweendiversificationandsystemicriskisacon-

cavefunctionwhosemaximumisreachedforintermediatelevelsofdiversification,

assuchlevelscreateconnectionsbetweeninvestorswithoutgoingfarenoughin

minimizingindividualriskandthescopeforpanic.Theoptimallevelsofdiversifi-
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cationthenappeartobeeither“high”or“none”,dependingonthetransmissibility

ofshocksandonhowcostlymassfailureis,implyingthereexistathresholdlevel

pastwhichdiversificationbecomesdesirable,butbelowwhichnodiversification

shouldbepreferred.

Interestinglythisthresholdseemtofallwiththeefficiencyoffinancialmarkets.

Whenmarketsaremorecompleteandinvestorsarenotbiased,thesystemicrisk

maximizinglevelmovesfromintermediatetolow,eveninourmostpessimistic

scenarioof“easypanics”.Thepointatwhichdiversificationbecomesworthitis

reachedquickly,sothatintermediatelevelsofdiversificationactuallybecomethe

mostdesirableoption.

Letuslookatthesubprimecrisisunderthislight.Creditbackedassetswerein

factmuchmorecloselyfundamentallyrelatedthanexpectedbythebankswhich

heldthem.Asthesecorrelationswerehigh,bankswereinessenceholdingasingle

creditbackedasset,theiractualdiversificationlevelwasnothigh. Thisledthe

wealthshocksstemmingfromadversemovementsonABStobelarge,whichin

turntriggeredpanicthroughincreasedcounterpartriskandrisingriskaversion.An

aggravatingfactormayhavebeenthatinternationalinvestorstendtobebiased

towardsUSsecurities,acountrywithlowinformationaldistancetoanyother

country.Accordingtoourset-upalowerlevelofdiversificationwouldhavebeen

preferable,forriskwouldnothavespread,andahigherdiversificationwouldhave

thefirst-bestallocation,asbankswouldhavebeenabletodigestthelossesfrom

ABSmarketswithouttriggeringpanic,whilebeingsaferduringBAUperiods.

Twopolicyimplicationsmaybedrawnfromthisdiscussion. Thefirstoneis

quitegeneral:ifoneagreeswiththeFinancialStabilityBoard(2009)thatthe

mostimportantfactortopreventasystemiccrisisismaintainingconfidence,then
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thefailureofanyinstitutionconstitutesasystemicevent,sothatfavoringan

approachbasedonmicrosoundnessmaybestillbethebestoptionfromapolicy

perspective.Second,thischapterimpliesthatakeytoenhancingsystemicstability

isdiversifyingbothmoreandbetter.Someoftheprogressesinthisdirectionare

boundtocomefrominvestorsthemselves,whoshouldstartaccountingmorefor

endogenousriskoftheirportfolio,butpolicymakersmayalsoencouragethistrend.

Inparticularthepromotionofinternationaldiversificationthoughtheloweringof

informationcostsand/ortaxesappearsuseful,asitpermitsboththespreading

andtheminimizationofendogenousriskacrossassets.
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Chapitre2

Styleinvestingandendogenous

comovement

2.1Introduction

Financialcrisesoccurwhenassetvaluesgrowinexcessof“fundamentals”.Pre-

ventingsuchcrisesthusrequiresseparatingsuchfundamentalsfrom“human”fac-

tors,notablyfromthe“instincts”ofinvestors. Yetthetaskhasprovenvery

difficult,ashumanfactorsandfundamentalonesareoftenentangledtogether.

Forinstance,investorsgrowoverconfidentingoodtimesandpanicinbadones,

whichmakesitdifficulttoempiricallydistinguish“real”growthfromchangesin

riskaversion.Neverthelesssomehumanfeaturesappearquiteindependentoffun-

damentals,whichmakesthemeasiertodetect.

Ournaturaltendencytoclassifyisoneofthosefeatures.Inordertoreduce

thecomplexityoftheportfolioallocationproblemandthecostofgatheringinfor-

mationoneachasset,investorsclassifyassetsintodifferentgroupsaccordingto
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theirindustries,size,book-to-marketratios,etc.Theresultingclassesarecalled

“styles”,andtradingstrategiesbasedupontheseclassesarecalled“styleinvest-

ing”.Styleinvestingwillleadassetstobeboughtandsoldtogetheraspartof

asimilarstyle,whichwillcreateexcesscomovementbetweenassetsofasimilar

style.

Thegoalofthischapteristoinvestigatethepresenceofsuchstyle-drivenco-

movementoverwhatisarguablythemostfollowedclassificationschemeinthe

markets:bondcreditratings. Westudytheimpactofdowngrades/upgradeson

thecomovementofthebondwiththeratingindexitleavesandthathejoins.In

ordertobeabletoattributethischangeincomovomenttostyleinvestingonly,we

focusonparticularratingactionsforwhichfundamentalfactorsandstyleinvesting

haveoppositeorindependentimpactsonthechangeincomovement.

Weinvestigatestyle-drivencomovementattwopossiblelevels:theindividual

riskclassone,andthewider“investmentgrade”versus“high-yield”one,which

groupsrespectivelybondsratedBBB-ormore,andBB+orbelow.Supportive

evidenceisfoundattheformerindividualratinglevel,butinitiallyonlysuggestive

oneatthelatterone. Diggingdeeperwefindthatnon-significanceatthewider

“investment”versus“high-yield”levelmaybeduetoaninterestinglypeculiar

statusofBBB-/BB+movementsonthemarkets.Netofsuchpeculiarities,style

investingappearsconvincinglyalsoattheinvestmentversushigh-yieldlevel.

Thestudyplacesitselfwithinasmallbutconclusiveliteratureonstyleinvesting.

AnimportantcontributionismadebyBoyer(2011),whofindsthatstockswhoget

reclassifiedbetweengrowthandvalueindicesaccordingtotheirbook-to-market

ratiostartcomovingmore/lesswiththeindextheyjoin/leave. Todiscardthe

possibilitythatthechangeincomovementsimplyreflectstheunderlyingchange
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inbook-to-marketratio,theauthorfocusesonstockswhichwerereclassifiedas

growth/valueeventhoughtheirbook-to-marketratiohadrisen/fallen1,i.e.stocks

forwhichfundamentalandstyleinvestingfactorsdonotgothesameway.

Vijh(1994)findsasignificantriseincomovomentforstocksthatjointhe

S&P500,usingunivariateregressions.Barberisandal.(2005)confirmthisusing

bivariateregressionsoverS&Pandnon-S&Pindices.Greenwood(2008)focuseson

movementinandoutoftheNikkei225,andfindsevenstrongerchangesinbetas.

BarberisandShleifer(2003)provideatheoreticalmodelinwhichstyleinvesting

leadsagivenstyletoexhibitmomentumandmeanreversion,besidescreatingco-

movement. WahalandYavuz(2013)confirmthisbyshowingthatassetswhich

comovemorewiththeirstyleusuallygeneratehighermomentumprofits.

Moregenerally,thechapterbelongstoawideandheterogeneousliteratureon

findingmovementinassetsthatresultsfrom“investor-driven”factorsratherthan

fundamentalones.ThisincludesforinstanceFrootandDabora(1999)whofind

evidenceoftwostocksthatrefertoasimilarcashflowbutbehaveindependently,

orYe(2011)whosuggeststhatcomovementpatternschangewiththeshareof

activeinvestors. Wemayalsorelatethisdichotomytosomemodelsoffinancial

contagionthatpredictthatendogenousfactorsmaydrivecorrelationsabovetheir

fundamentalvaluesduringcrises(Raffestin,2014).

Finallythisstudymayalsoberelatedtotheworkontheimpactofrating

actions,thoughtothebestofourknowledgethisliteraturehasfocusedonprices

ratherthancomovement.StudiessuchasNordenand Weber(2004)findastrong

impactofratingactionsonbondorstockprices. Micuetal.(2006)uncover

1.Suchcasesoccurbecausetheagencythatclassifiesthestockswantseachindicetorepresent
50%oftotalmarketcap
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thatinvestorstendtoreactmoretodowngrades,andareassensitivetooutlook

announcementsastheyaretoactualratingactions,ifnotmore.

Ourcontributionisthreefold:

1)wefocusonbonds.

Studyinganotherassetclassisinterestingperse,butalsobecauseonemay

suspectthatstyleinvestingisparticularlystronginthefixed-incomemarket,for

severalreasons.

First,ratingsareprobablythemostscrutinizedclassificationonthemarkets.

Therecentfinancialcriseshavehighlightedthisimportance. Downgradesofim-

portantnationshavetriggeredangeredreactionsatthehighestlevelsduringthe

Europeansovereigndebtepisode. Practitionersandacademicsagreethatover-

relianceoncreditratingshasplayedalargepartinthesubprimecrisis,byfueling

thebuildingupofAAAgradedCDOs.

Second,externalfactorsmaygiveinvestorsanextraincentiveto“buythegrade

ratherthantheasset”.Fromaregulatoryperspective,ratingsareanimportant

inputforcomputingcapitalsurchargesinBaselII,andevenmoresoinBaselIII

forthedefinitionofliquidassets. Fromanoperationalperspective,bondsare

usuallytradedmoreasawaytodiversifyportfolioriskratherthanearninglarge

returns.Thusonaverageinvestorsmayhavelessbenefitingatheringidiosyncratic

informationonagivenbond,comparedtoequities.

Finallycasualobservationstrengthensoursuspicions. Thelast15yearshave

seenalargeriseinthenumberandsizeofexchangetradedfunds(ETF)infixed-

incomemarkets.ETFsaimattrackingtheperformanceofagivensetofassets.

SinceETFareinconstantneedtoadapttotheindextheyreplicatesothatwe

mayexpectthemtobuyandselllargequantitiesofassets,usingsometypeof
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classification. Duetotheirsize,thepositionstakenbytheseETFsarelikelyto

showinprices.

2)Weefficientlycontrolforfundamentalcomovement.Ouridentificationstrat-

egyisbasedontwosimplepointsdrivenfromeconomictheoryandevidence,which

willtranslateintonaturaltestsonthepresenceofstyle-drivencomovement.

-Thefirstpointstartswiththeobservationthatlowgradedbondsareonav-

eragemoreriskyandthushaveyieldsthatfluctuatemoreinresponsetochanges

inglobalfundamentalriskfactors,i.e.theyhavelargermarketbetas. Mathe-

matically,ahighmarketbetaassetmustcomovemorewithanyotherbondor

indexthanalowbetaone.Thereforefromafundamentalperspective,followinga

downgrade,abondshouldcomovemorewithboththeindexitleavesandthatit

joins.Converselyanupgradedassetshouldhavealowercomovementwithboth

indexes.

Fromastyleinvestingperspectivehowever,followingaratingactionagiven

bondshouldstartbeingboughtandsoldaspartoftheindexitjoins.Itscomove-

mentwiththeclassitjoinsshouldthenriseafteranyratingaction,whilethat

withtheratingclassitleavesshouldfall.Thisnaturallyleadsfundamentalfactors

andstyleinvestingtohaveoppositepredictionsonthechangeincomovementin

twoinstances:betweenanassetandtheindexitjoinsfollowinganupgrade,and

betweenanassetandtheindexitleavesfollowingadowngrade. Wenamesuch

cases“balancers”2.

Thesetwobalancersprovideanaturalwaytotestforthepresenceofstyle

investing-drivencomovement:ifthesignofthetotalchangeincomovementfollow-

ingaratingactionisconsistentwithstyleinvestingandincontrasttofundamental

2.AtermalsousedbyBoyer(2011)
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factors,wemayconcludethatstyleinvestingissignificantlypresentattherating

leveldespitethecontraryinfluenceoffundamentals.Ourfirsttestthusfocuseson

thesignofthecomovementchangeforbalancers.

-Thesecondtestiscenteredaroundthefollowingobservation:investorsappear

todrawanimportantlinebetween“investment”and“high-yield”bonds.From

ourperspective,ifstyleinvestingispresentatthiswiderlevel,assetsbelonging

tosimilarinvestmentorhigh-yieldindexwillexhibitacomovementpremium.

InconsequenceassetsthatmovebetweenBBB-andBB+,i.e.inandoutof

investmentandhigh-yieldensembles,shouldexperiencelargerabsolutechanges

incomovementthanotherratingactions,astheyacquirethiswiderensemble

comovementpremiumwiththeindextheyjoin,orloseitwiththeindexthey

leave.

Fromafundamentalperspectivehowever,suchmovementsshouldbenodif-

ferentthanaverage,asratingagenciesareintheorydesignedtobeanobjective

indicatorofcreditrisk. ThereforeasignificantdifferencebetweenBB+/BBB-

movementsandaverageintermsoftotalchangeincomovementshouldcomefrom

styleinvesting.Test2focusesonfindingsuchadifference.

Wefindtheaveragechangeinbetaisoftheexpectedsigninbothtests,but

weonlyrejectthenullhypothesisfortest1,whiletest2fallsshortofachieving

significance.Investigationoftheseresultsleadstothethirdcontributionofthis

study:

3)Weuncoverinterestingtradingpatternsinthefixed-incomemarkets.

Weexaminethepossibilitythatotherforceslinkedtocreditratingscouldexplain

theabsenceofsignificantexcesscomovementattheinvestmentversushigh-yied

level,whichcouldhavebiasedtest2againstrejection.Afirstbiasarisesifmove-
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menstbetweenBBB-andBB+havealargerimpactonmeasuredfundamental

comovementthanaverage.Asecondbiasappearsifstyleinvestingislessusedfor

assetsgradedBBB-andBB+,comparedtotheotherassets.

WefindthatanassetmovingfromBBB-toBB+indeedexperiencesalarger

riseinitsmarketbetathanothermovements,althoughmovingfromBBB-to

BB+doesnotinvolvealargerthanaverageincreaseindefaultrates.Inother

wordsinvestorsseemtosanctionBBB-/BB+movementswithparticularseverity,

withoutfundamentalreasonsto.Similarly,veryhighandverylowgradeassets

aresubjecttomorestyleinvesting,asimpliedbytheirhigher-than-averageshare

ofindexspecificvariationintotalvariance.Forlowergradeassetsthismaybe

explainedbythefactthatsuchbondsareusuallyissuedbysmaller,lessdiversified

firms,forwhichinvestorsrelymoreonratings.Forhighergradeones,thismay

beexplainedbyregulatoryrequirements,whogiveinvestorsanextraincentiveto

thinkintermsofgrade.

Bothbiasesarethenestimatedempiricallytorunacorrectedversionoftest2.

Wefindthatsuchcorrectionsimprovetheresultsonthetest,whichnowconcludes

toasignificantimpactofstyleinvestingatthehigh-yieldversusinvestmentlevel.

Section2.2presentstheintuitionbehindthetestsweconduct. Section2.3

presentsthedataandhowweimplementthetests.Section2.4presentstheresults

androbustnesstests.Section2.5discussesthenonsignificanceoftest2andruns

thecorrectedversion.
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2.2 Designofthetests

Thissectionpresentstheidentificationstrategyofthechapter,whichrestsupon

asimpleeconomic/statisticalargument.Forbothtestswepresentthisreasoning

inwords. Wealsoprovideaconcisemodelwhichformalizesthelogicfortest1

and2,inappendix2.1and2.2respectively.

2.2.1Test1,styledrivencomovementacrossallratings

Thefundamentalimpactofratings

Asratingsareaneconomicallymeaningfulclassification,weexpectthecomove-

mentwithinaratingclasstoreflectfundamentalfactors.Inparticular,ratings

areanindicatorofcreditrisksothatweexpectbondsofthesameclasstomove

togetherthroughtheircorrelateddiscountfactor.Differentratingsmayalsosignal

differentliquidityconditions,sothatassetsofthesameriskclassmayhavecor-

relatedliquiditypremia.Thedependenceofbondyieldsuponeconomicactivity

andliquidityconditionshasbeenestablishedempirically,forinstancebyLinetal.

(2014).

Thesimplepremiseofthisstudyisthatlowergradeassetsarebydefinition

morefragilesotheirsensibilitytosuchriskfactorsshouldbehigher. Therefore

theexposureofagivenbondtoanygivenriskfactor,suchascreditorliquidity,

shouldberisingonaverageasitsgradegetslower.Inotherwordsweexpectlow

gradedbondstohavehighermarketsbetas.

Otherless“fundamental”factorsmayaddtothislargeryieldresponseforlower-

gradebonds.Inparticularanegativefundamentalshockmayincreasethelevelof
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riskaversionofinvestors,leadingthemtoturnawayfromriskyassets.Investors

mayalsoprefertoholdliquidassets,whichtendtobethesafestonesintimes

ofmarketturmoil.LabordaandOlmo(2014)showthatinvestorsentimentdoes

matterforbondpricing.

Fundamentals-drivencomovement

Consistentwiththeabove,letusassumethatariseinglobalcreditriskdrives

uptheyieldspreadsonhighgradedassetsby1%,andthatoflowgradedbonds

by2%.Asa1%riseinthehigh-gradedassetscorrespondstoariseof2%onall

low-gradedones,thebetaofaregressionofalow-gradedassetjonthehigh-grade

indexwillbeof2. Converselythebetaofhigh-gradedassetionthelow-grade

indexwillbe0.5(ariseof2%inxentailsariseof1%iny).Theexpectedbetas

aresummarizedinthefollowingtable,withtheindependentvariablesincolumns

andthedependentonesinlines:

highgradeindex lowgradeindex

high-gradeasset 1 0.5

low-gradeasset 2 1

Thecomovementofthelow-gradeassetwithbothindexeswillbehigher,i.e.a

highermarketbetaimpliesahighercomovement.Thereforefromafundamental

perspective,whenanassetisdowngraded,itsbetawithboththeindexitjoins

andthatitleavesshouldriseaftertheratingaction.Converselyanupgradedasset

shouldseeitsbetawithbothindexesfall.Noting fthechangeinbetastemming

fromfundamentalfactors,thesepredictionsmaybesummarizedasfollows:
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downgrade upgrade

withindexjoined f>0 f<0

withindexleft f>0 f<0

Style-drivencomovement

Letusnowtakeastyleinvestingperspective:sincestyle-drivencomovement

resultsfromassetsbeingboughtandsoldtogetheraspartofasimilarindex,

weexpectanygivenassetto“style-comove”morewiththeindexitbelongsto,

regardlessofwhetherithasbeenupgradedordowngraded. Thisimmediately

impliesthatfollowingaratingaction,anassetshouldstartcomovingmorewith

theindexitjoins,andlesswiththatitleaves. Noting sthechangeinbeta

comingfromstyleinvesting,wethushavethefollowingpredictions.

downgrade upgrade

withindexjoined s>0 s>0

withindexleft s<0 s<0

Confrontingthefundamentalandstyleinvestingimpactsoncomovement,we

thenhave:

downgrade upgrade

withindexjoined(in) f>0, s>0 f<0, s>0

withindexleft(out) f>0, s<0 f<0, s<0

Intwocasesfundamentalsandstyleinvestingfactorsshouldgothesameway,but

intheothertwofundamentalfactorsandstyleinvestinghaveoppositepredictions.

Wenamethesetwocases“balancers”,followingtheterminologyusedbyBoyer

(2011)todescribestocksforwhichfundamentalsandstyleinvestinghaveopposite

impacts.Inwhatfollowswerefertothecomovementofanassetwiththeindex
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itjoinsasan“in”case,andthatwiththeindexitleavesasan“out”one. The

balancersarethus“out-down”and“in-up”.

Test

Bothbalancersprovideanaturalwaytotestforthepresenceofstyle-driven

comovement:ifthesignofthetotalchangeincomovementfollowingaratingaction

β= f+ sisconsistentwithstyleinvestingandincontrasttofundamentals

factors,wemayconcludethatstyleinvestingissignificantlypresentattherating

level. Wesetournullhypothesistobeconsistentwithnostyleinvesting.Hence

ourtestis:

H0: β
out−down>0and

β
in−up<0

Notethatwerunourtestonthetotalchangeinbetas,notonlythestyleinvest-

ingcomponent s.Importantly,thismeansthatweinfacttestastrongerhypoth-

esisthan s
out−down>0and

s
in−up<0.Findingforinstance

β
out−down<0im-

pliesthat s
out−down<−

f
out−down,where

f
out−down>0.Thusrejectingthenull

hypothesisthat β
out−down>0meansthatthestyle-drivenbetachange

s
out−down

isnotonlysignificantlynegative,butbelowsomenegativescalar− f
out−down.

Thesamereasoningappliestothe“in-up”case.Inthiswaythe“fundamentals-

driven”betachange factsasabiasinthetest.Theidentificationstrategyof

thischapteristoacceptthisbiasaslongasitgoesagainstfindingevidenceof

style-investing.

Comment

Thesuspiciousreadermaybelievethatthesimplestorypresentedabovedoes

notconstituteanefficientcontroloffundamentalfactors.
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Yetoneshouldnotethatthistheoryisbasedupononeassumptiononly:that

lowgradedbondshaveahigherexposuretoglobalriskfactorsthanhighgraded

ones,onaverage.Ifthisistruethenthebalancingcasesarisenaturally,inany

pricingmodelaslongtheyfeaturesomeriskfactors.Inappendix2.1weshow

thatageneralfactormodelspecificationgeneratesthesamepredictionswithno

additionalassumptions.

Acrucialquestionthenbecomeswhethertheassumptionthatmarketbetasrise

asgradesgetlowerholdsinpractice. Weprovidepreliminaryevidencethatitdoes

insection2.3bylookinggraphicallyatthetime-seriesbehavioroftheyieldspreads

foreachratingindex,whichshowthatlow-gradedindexesreactmoresharplyto

similarshocks. Weprovidemoredirectevidenceinsection2.4asarobustness

check,byrunningaCAPMtyperegressionthatshowsthatthemarketbetas

doriseasgradesfall. Consideringthiswearguethatouridentificationstrategy

involvesaverylowamountofmodelingerror.

Anotherlessvitalassumptionintheargumentaboveisthatweimplicitlyat-

tributenon-fundamentalcomovementtostyleinvestingexclusively.Indeedin

theoryotherfactorsthanstylescouldleadtonon-fundamentalcomovement.Nev-

erthelessasmentionedintheintroductionmost“investor-driven”pricemovements

areinfactrelatedtofundamentals,sothat“panic”oranytypeofnews-triggered

behaviorshouldbeembeddedinthemarketbetas. Wefailtoseeanyinvestor-

drivenfactorotherthanstyleinvestingthatwouldexplainthepatternsofcomove-

mentuncoveredinthechapter.
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2.2.2Test2,styledrivencomovementacrosshigh-yieldand

investmentgrades

TheBB+/BBB-premium

Letusnowimaginethatinvestorsgroupassetsattheriskclasslevelbutalso

atawider“investmentversushigh-yield”one. Aswithindividualriskclasses,

styleinvestingatthiswiderlevelshouldtranslateintoacomovementpremium

betweenhigh-yieldandinvestmentbondsrespectively.Formallythetotalstyle-

drivenchangeincomovementfollowingaratingactionmaythenbedecomposed

intotwocomponents: s= I+ w,where Iisthechangeinbetasstemming

fromstyleinvestingattheindividualriskclasslevel,and w thatfromstyle

investingatthewiderlevel.

Letusnote β,wthecomovementchangeforratingactionswhichinvolvea

changeinensemblebetweenhigh-yieldorinvestment,and β,.thechangeforthe

otherratingactions3.For“regular”nonBBB-/BB+actions,thecomovementof

thebondwithotherhigh-yieldorinvestmentassetsshouldremainunchanged,i.e.

w=0.Theassetshouldthenonlylose(gain)thecomovementpremiumfrom

styleinvestingattheindividuallevel.Howeverifachangeinriskclassalsoinvolves

achangeinwiderensemble,theassetshouldalsolose(gain)thecomovement

premiumfromthe“high-yieldversusinvestment”level. Mathematically:






β,w= f,w+ I,w+ w

β,.= f,.+ I,.

ifwout=win

ifwout=win

3.Inwhatfollowswefocusonlyonratingactionswhichdonotexceedonenotch,sothatonly
movementsbetweenBBB-andBB+qualifyaschangingthehighyield/investmentensemble.
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where w shouldbenegativewiththeleftindex,i.e.E( β
out)<0,asthe

comovementpremiumislostinthiscase;andpositivewiththejoinedindex,i.e.

E( β
in)>0asthecomovementpremiumisgained.

Asasidecomment,notethatthecomovementpremium wmaynothavethe

exactsamesourceasthatofindividualratings I.Indeedaspointedoutby

Barberisetal.(2005)style-drivencomovementmayresulteitherfrom“category”

or“habitat”trading.Categoryinvestorswillusestylestomanagetheirportfolio,

andallocatefundsattheclasslevel. Habitattraderswillchoosetofocuson

certainclassesonly,sothatthetradingonthesestyleswillreflectthesituationof

theinvestorswhoholdit. Whileweexpectthecategoryviewtoexplainmostof

thecomovementpremiumattheindividuallevel,habitattradingmaywellbethe

mainforcebehindthepremiumatthewiderensemblelevel4.

Difference-in-differenceapproach

Takingthedifferencebetween β,wandtheaveragebetashiftacross“regular”

riskclasses β̄yields:

E( β,w− β̄)=[E( f,w)− f̄]+[E( I,w)− Ī]+ w

whichwillbeequalto w ifE( f,w)− f̄=0andE( I,w)− Ī=0.In

wordsifBBB-/BB+movementsdonotimplyadifferent-from-averageresponsein

termsoffundamentalsorstyleinvestingattheriskclasslevel,thenanydifference

betweentheseratingactionsandaverageshouldcomefromstyleinvestingatthe

4.High-yieldandinvestmentbondsattractaverydifferentaudience.Investmentbondsare
usuallyseenaslittleriskyandheldaspartofaportfolio,whilehigh-yieldbondsareusedfor
morespeculativepurpose. Manyexchangetradedfundsforinstancechosetofocusexclusively
oneitherinvestmentorhigh-yieldbonds.
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“high-yieldversusinvestment”level.

Crucially,wehaveapriorinoreasontoexpectthefundamentalandriskclass

levelstyleinvestingcomponents fand ItobedifferentforBBB-/BB+move-

ments.Ratingagenciesoftenclaimtheybasetheirdecisionsonlyonunderlying

fundamentalrisk,sothatweshouldnotseeahigherrelativechangeinfundamen-

tals fforthem.Similarlythereisnoobviousreasonwhythestyleinvesting

componentattheriskclasslevelshouldbedifferentfromaverage,sinceanydif-

ferenceshouldbecapturedbythewiderchangecomponent.

Wethusexpect E( β,w− β̄)= w.

Test

Asmentioned,styleinvestingatthewiderensemblelevelshouldleadtoE( β
out)<

0andE( β
in)>0,whichimplies

β,w
out−

β̄
out<0and

β,w
in−

β̄
in>0.Inwords,

thecomovementwiththejoined(left)indexshouldincreasemore(fallmore)for

ratingactionswhichcrosstheBBB-/BB+threshold.Asintest1wesetournull

hypothesistobeconsistentwithnostyleinvesting,sothattest2willbe:

Test2:H0:
β,bbb−/bb+
out − β̄

out>0and
β,bbb−/bb+
in − β̄

in<0

Rejectionofthenullhypothesiswillbeinterpretedasevidenceofstyle-driven

comovementatthehighyieldversusinvestmentlevel.

Comment

Thismethodissimilartothedifference-in-differencemethodsofdevelopment

economics.Ifthefundamentalandriskclasslevelstyleinvestingcomponents f

and sareconstantacrossallriskclasses,differencingshouldremovethesecom-

ponents.Infactthetestisalsounbiasedif fand Iareincreasing/decreasing
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linearlyacrossgrades,becausetheBB+/BBB-lineliesinthemiddleofthegrade

spectrum.

OntheotherhandifE( f,w)− f̄=0orE( I,w)− Ī=0donothold,

thetestwillbebiased.Infactweshallseelaterthattheseconditionsindeedfail

empirically,andwilltakestepstowardscorrectingthebiases.Despitethisfactwe

havechosentopresentthetestinitsoriginaldesign,withourexantebeliefsabout

E( f,w)− f̄andE( I,w)− Ī.Thiswasdonetohighlightthefactthatthe

failureoftheseconditionsconstituteapuzzlingfinding,asthereisnoclearreasons

forwhichBBB-/BB+movementsshouldbedifferentfromtheothers,notablyin

termsoffundamentals.

Theinvestigationofthecauseofsuchpuzzleswillbeoneofthemaincontribu-

tionsofthestudy.

2.3 Data

Thissectiondescribesthestepsandchoicesinvolvedinimplementingourtwo

testsempirically.

2.3.1Gatheringratingdata

DataoncreditratingsisobtainedthroughtheRatingXpressdatabaseprovided

byDatastream.RatingXpressliststhelast10creditactionstakenbytherating

agencyStandardandPoorsforagivenasset. Theearliestratingactiontraces

backtoMarch1991.IncludingotheragenciessuchasFitchandMoody’swould

bedesirablebutkeepingoneagencysimplifiestheanalysis,andArezkietal.

(2011)findthatS&P’sannouncementshavethehighestpriceimpactofall3major
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agencies,studyingsovereignbonds.

Wefocusonbondsissuedbyfinancialinstitutionsandcorporationsonly,and

exchangedintheUS.Thischoiceistokeepthesamplehomogeneous,asonecould

expectbondstobehavedifferentlyaccordingtotheirgeographicbaseortheir

publicorprivatenature. Howeverweincludebondswithdifferentguarantees

andseniorities,becausekeepingonlyasinglecategorywouldremovetoomany

observations,andsuchinformationislikelytobeatleastpartlyembeddedin

creditratings. Wealsoincludeallmaturities,butwilltryregressionskeepingonly

5to10yearbondstomakesuredifferencesinmaturitiesdonotdrivetheresults.

Animportantfirststepisspottingbondswhichhavebeenissuedbyasimilar

entity,forfeartheywillcreateartificialcomovementlater. RatingXpressoften

providesthenameoftheunderlyingborrowingentity,inwhichcasewerandomly

keeponebond/ratingcoupleonly.Forratingswithoutaborrowerspecified,we

identifybondswhoseratingsactionsareperfectlycorrelated,andkeeponlyone

occurrence.

2.3.2Gatheringbondyielddata

DataonbondyieldsisobtainedfromDatastream. Weusetheredemption

yield,i.e.theinterestratethataninvestorwouldreceiveifheboughtthebondat

marketpricetodayandheldittomaturity,compoundedannually.Yieldspreads

areobtainedbytakingthisyieldminusthatonthe10yearUST-bond. The

baselineregressionusesthefirstdifferenceofthesespreads,butregressionsusing

levelsasatestofrobustnessarealsoprovided.Firstdifferencingshoulddetrend

theseries,whiletakingspreadsshouldaccountatleastpartlyforcommontrends
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fromthevariationsinthegeneralinterestrate.Thesetransformationsaredesigned

toreducetheamountofmeasuredfundamentalmovement,andthusthebiason

ourtest5.

Thetimeperiodforthebaserunsfromthe31thofDecember2004tothe20thof

January2014. Wecouldhavesetthepricedatatostartatanydate,butincluding

oldseriesmayhavechangedtheconclusionsasinvestorsattitudestowardsstyle

investinghaveprobablychangedthroughtime. Startingin2005offersagood

balancebetweenthisdesiretostayrecentandthatofkeepingalargenumberof

observations,asfewserieshadbothpriceandratingdatabefore2005.

Ofcoursetheperiodchosenisnotinnocuous,asitincludesthesubprimeand

sovereigndebtcrises. Periodsofhighsellingmovementsmaymakeiteasierto

detectempiricallycomovement.Howeversinceinvestorsusestylesinboth“good”

and“bad”times,crisesmayrevealstyleinvestingbutshouldnotcreateit. We

provideresultsonthepostcrisisperiodonlyasatestofrobustness.

Notethatmostresearchersintheliteratureonthepriceimpactofratingactions

useequitiesand/orCDSratherthanbonds.Admittedly,workingwithbondshas

drawbacks.Theyarelessliquidandthustheserieshavealowervariability,and

agivenentitymayissueseveralbonds. Howeverinthiscaseusingbondsseems

logicalsincewesuspectstyleinvestingmaybestronginthisparticularassetclass,

anditisbondsthatarebeingrated.

5.Sincewehaveseenthatourtestsmaybereexpressedas s
out−down>−

f
out−downand

s
in−up<−

f
in−up,i.e.wetestthatstyle-drivencomovementislargerinabsolutevaluethan

fundamentals-drivenone.
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2.3.3Constitutionoftheindexes

Theyieldspreadofanindexisdefinedastheweightedaverageoftheyield

spreadsofthebondsthatcomposeit. Eachbondisweightedaccordingtoits

marketvaluation,alsoprovidedbyDatastream6.

Onemustbecarefulthatindexesarenotdrivenbyafewbondsonly,particularly

inthiscontextofcomovementwithindexeswillbeingthecrucialpoint.Thismeans

avoidingthatagivenbondhastoolargeaweightintheindex,anddropping

outliers. Ontheformer,wespecifythatnobond,atanypointintime, may

representmorethan20%oftheitsindextotalvaluation. Onthelatter,weuse

amethodsimilartothatinvolvedincomputingtheLIBOR,removingthebonds

whoseyieldisinthetopandbottom5%ateachday.

A20%capmayappearhigh.Thisvaluewaschosenbecausethevaluationcap

appearstohaveverylittleimpactontheresults7,andahighcapallowedusto

includemoreobservations. Thetrimmingdevicehasastrongerimpactbecause

withoutitsomeerraticvariationsintheindexesappear. Wepicked5%because

thisvalueisenoughtoremovesuchvariations,whilemaximizingthenumberof

observations.

Duetotheserestrictions,notallindexesfeaturethroughouttheperiod.Several

indexesareabsentatfirstwhenfewseriesareavailable,andsomeofthem,those

belowCCC,nevermakethecut. Movementsacrosslowgradedassetsarequite

specificastheyusuallyapplytobondsthatareonthevergeofdefault,sothattheir

absencefromthesamplemaynotbesodetrimental.Intotal17indexesappearin

thesample.Figure2.3.1plotssomeoftheindexesusing2-monthmovingaverages.

6.Definedasamountinissuetimesthepriceandaccruedinterestforagivenbond
7.Resultsavailableonrequest.
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Figure2.3.1–Indexesyieldspreads

Thebehavioroftheindexesappearsinlinewithexpectations:asgradesget

worse,theyieldrequiredtoholdthemrises. Themagnitudeoftheresponseto

commonshocksalsogrowsasgradesgetworse,whichrepresentspreliminaryevi-

dencethatmarketbetasindeedriseasgradesgetlower.Therelationshipappears

monotonic:eachindexseemstorespondlessthanthenextlowergradeone.The

samepatternremainsincludingallindexes.

Figure2.3.2providesinformationonthecompositionoftheindexes.Thedashed

andsolidlinesrepresentrespectivelythetotalnumberofbondsandtheweightof

thelargestbondforeachindex.Thevaluesprovidedareaveragedacrossperiods.

Observationsappearrelativelywellspreadacrossandwithinindexes.Onaver-

ageanindexcontains257bonds,withthelargestbondrepresenting7%oftotal
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Figure2.3.2–Indexesyieldspreads

indexvaluation.Thelowestaverageamountofobservationsis57,2forAA+.The

largestweightforasinglebondis10%forCCC.

2.3.4Regressions

Wefollowthestandardsofthestyleinvestingliteraturebyrunningthefollow-

ing8:

Ri,t=αi+βi,IRI,t+βi,IRI,t (2.1)

8.Themodelpresentedintheappendixsimplifiedonpurposebyconsideringthebetaof
anassetwithasingleriskclass.Wealsoprovideresultsforunivariateregressionsasatestof
robustness.
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whereinthebaselineestimationRI,tandRI,trepresentthefirst-differencedyield

spreadsoftheleftandjoinedindexesrespectively.Thetimeunitisaday. Werun

thisregressionbeforeandaftertheratingaction,anddrawtheestimatedbetas

onthepost-eventandpre-eventregressionswhicharenotedβ̂∗andβ̂respectively.

Consistentwiththeliterature,thesebetasareusedtoproxycomovement. The

changeincomovementfollowingaratingactionisthus β
i,out=β̂i,I

∗
−β̂i,Iforthe

leftindex β
i,in=β̂i,I

∗
−β̂i,Iforthejoinedone.

Inthebaselineregressiontheactualratingactionisconsideredasthekeyevent,

butsection2.4.3providesresultsconsideringoutlooks,whenpresent,asthedefin-

ingevent9. Furthermore,toavoidhavingaveragebetashiftsdrivenbyafew

spuriousindividualregressions,werequirethatbetashiftsbekeptbetween20and

-2010.

IdeallythisstudyfollowsBoyer(2011)inestimatingthebetasoverthe5months

beforeandaftertheratingaction.Howeversomeratingsdonotstayconstantfor

5monthsafteramovement,inwhichcaseweacceptregressionsifwehavea

minimumof3monthsofdata.Inotherwords,notingtthedayonwhicharating

changesandxtheamountofmonthsforwhicharatingithadstayedconstant

beforethechange,the“pre-event”regressionwillestimate(2.1)overthelast5

monthuptot-1ifx>5,andthelastxmonthsuptot-1ifx∈[3,5[.Thepost-

eventregressionsfollowthesamerulestartingfrom11t+1.

Theinitialnumberofbondsintheratingfile,netofduplicates,was13492.

9.Outlooksareannouncementsbytheratingagencyonthelikelyevolutionofagivenbond
overthefollowing3months
10.Changingthisrestrictionhasnoimpactontheresults.Theresultsusing10or5asbounds
areavailableonrequest
11. Wehavealsotriedleavingalongerwindowof5daysbeforeandaftertheratingactions
outoftheregressions.Theresultsareverysimilarsowerenotincluded.
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Around30%ofthebondsarenotmatchedwithpricedata.Removingbondswith

missingvaluesandthosewhichwereneverupgraded/downgradedthenleadstoa

totalof2720bonds.Notethatthebondswhoseratingstaidconstantstillplaya

roleintheestimationbecausetheyareusedintheconstitutionoftheindexes.In

totalwehave5007ratingmovements.Outofthisnumber2755wereexploitable.

Therestinvolvedjoining/leavinganindexthatdidnotfilltherequirements,a

movementlargerthananotch,oraratingthatdidnotstaystablelongenough

before/afterthemovement.

2.3.5Testingfordifferencesinbetachanges

Fortest1,wetakeallbetashiftswithleftandjoinedindex, β
i,outand

β
i,in,

acrossallassetclasses.Betashiftsarethensplitintodowngradesandupgrades,

whichrepresentrespectively1370and1375ofourratingactions. Considering

bothinandoutmovementgivesusfoursubsampleswhocorrespondtothefour

casesidentifiedinthemodel,onwhichwetestourhypothesis.Test1isthenin

factcomposedof4subtestsforeachofthefourcasesin-down,in-up,out-down,

andout-up,whereweputparticularemphasisonthebalancingcasesin-upand

out-down.

Forthesecondtest,weseparatethebetashiftsintotwogroups:thoseinvolving

movementsbetweenBB+andBBB-,whichrepresent145observations,andthe

others. Wethentestforasignificantdifferencebetweenbothgroups. Wedosofor

bothinandoutmovements,sothattest2hastwo“subtests”.Notethatwecould

haveappliedtest2tothesame4subcasesastest1.Howeverthis1)decreasesthe

numberofobservationsinvolvedinthetest,2)isnotjustifiedtheoreticallysince

105



Chapitre2Styleinvestingandendogenouscomovement

thedifferenceshouldbethesameforallinoroutmovements.

Forallsamplesthedistributionofthebetashiftsismoderatelydifferentfromthe

normaldistribution.Itissymmetricbuthasakurtosisaround5.Yetaccordingto

thecentrallimittheorem,forfairlylargesamplethemeanofavariableshouldbe

normallydistributedevenifthevariableitselfisnot.ThusweuseStudentt-tests,

whichshouldbeunbiasedsinceoursamplesarequitelarge.

Weconcludethesectionwithareminderofbothtests:

-Test1,H0: β
out−down>0and

β
in−up<0

where β
out−downand

β
in−uprepresenttheaveragebetashiftsfortheout-down

andin-upcases.

-Test2,H0:
β,bbb−/bb+
out − β̄

out>0and
β,bbb−/bb+
in − β̄

in<0

where β,bbb−/bb+ representsthebetashiftsforratingactionsbetweenindexes

BBB-andBB+and β̄theaveragebetashiftsoverallotheractions.

Andthenullhypothesisinbothtestsissettobeconsistentwithnostylein-

vesting.

2.4Results

Inthissectionweprovidetheresultsfortest1and2,providerobustnesschecks,

anddiscusshowcertainratingactionsseemtohaveaparticularimpactonco-

movement.
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2.4.1Baselineresults

2.4.1.1Test1and2

Table2.4.1summarizesourresultsfortest1inourbaselineregressionusing

first-differencedyieldspread.

Table2.4.1–Test1

Balancersarehighlightedinboldcharacters.Bothareoftheexpectedsign.It

appearswestronglyrejectthenullhypothesisofnoexcesscomovementfromstyle

investingforthe“outdown”case,andfalljustshortofrejectingitforthe“in

up”one. Theothertwocases,eventhoughtheycannotbedirectlyinterpreted

asevidenceofexcesscomovement,arealsoinlinewithourexpectationsand

significantatthe0.1level.

Inthedowncasesthemagnitudeofthechangeinbetasiscomparabletoprevious

papersonstyleinvesting,whousuallyfindbetashiftsaround0.15.Overall,and
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consideringthefactthatweactuallytested f
out>

s
outandnot

s
out>0,we

viewtheseresultsasindicativethatthereisstyle-drivenexcesscomovementatthe

riskclasslevel.

Animmediateobservationisthatdowngradeshavealargerimpactthanup-

grades,bothinthe“out”andthe“in”cases.Thisisconsistentwiththeexisting

literatureonthepriceimpactofratingactionswhichhasshowedthatinvestor

respondasymmetricallytoratingactions.Inourcontextitmayalsoexplainwhy

the“outup”case,forwhichbothfundamentalandstylecomponentareexpected

tobenegative,comesuphigherthantheoutdownoneinwhichstyleinvesting

onlyshouldbelessthanzero. Wediscusspossibleexplanationsforthisasymmetry

insection2.4.3.

Letusnowlookattheresultsforoursecondtest:

Table2.4.2–Test2

Thesignsareagainconsistentwiththepresenceofstyleinvesting,butwefalljust

shortofrejectingH0atthe0.1levelforbothtests.Theseresultsarethussuggestive

butnotdefiniteevidencethattheremaybestyleinvestingattheinvestmentversus

speculativelevel.Robustnesschecksinsection2.4.2willprovideaclearerpicture

oftheperformanceofTest2.
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2.4.1.2Changeincomovementacrossnotches

Letuslookattheresultsgraphically.Figure2.4.1plotstheaveragebetashifts

perclassinthein-down,in-up,out-downandout-upcases,withparticularem-

phasisonBBB-andBB+12:

Figure2.4.1–Betashiftsacrossratings,forallfoursubcases

Thex-axisrepresentsthenotchofthebondbeforetheratingaction.Forinstance

thein-uplineatthepointx=”A”tellsushowmuch,onaverage,thecomovement

withindexA+risesforassetsthathavebeenupgradedfromindexA.

12. WherewehaveremovedindexesAA+andCCC-whichonlyhadafewbetashifts,which
inthecaseofCCC-gavetoolargeanaverageandchangedthescaleofthefigure.
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Firstofall,wenotethatthebetashiftsinallcasesarefairlywell-behaved

acrossassetsclasses.Therearenonotchesforwhichthechangeinbetaexceeds

1inabsolutevalue,andtheaveragechangeinbetaisoftherightsignin76.6%

ofthecases,groupingallsubcases.Besidesthisfairlygoodhomogeneity,thein

andoutcasesappearfairlysymmetric.Upmovements,whohavealowermeanin

absolutevalue,alsohavealowervariance. Weviewthesefeaturesasencouraging

fromarobustnessperspective.

Neverthelesstwomovementsappeartoconsistentlygiveunexpectedsigns:down-

gradesfromAAAtoAA+andfromA-toBBB+.Thiscouldsimplyresultfrom

oursample,butitmayalsobeexplainedintermsofthetheoreticalmodelpre-

sentedinappendix2.1. Thereweshowthattheexpectedsignof schangesif

thebetaofthejoinedindexontheleftoneishigherthan1. Asmentionedthis

cannotbetrueingeneral,butitmaybeforcertainindexesofpeculiarstatus.For

instance,AAA-gradedbondsplayaparticularroleinadjustingoverallportfolio

risklevelforinvestors,whichmayleadthemtobuyandsellmoreAAAassets

aspartofportfoliorebalancing,drivingupthemeasuredcomovementbetween

indexesAAAandAA+.

LetusnowfocusonthemovementsbetweenBBB-andBB+,highlightedin

figure2.4.1. Mathematically,ifstyleinvestingwaspresentattheinvestmentversus

highyieldlevel,BBB-/BB+movementsshouldhavealargercomovementimpact

inabsolutevalue,i.e. morepositivefor“in”movements,andmorenegativefor

“out”ones.ThisisbecausebondswhomovefromBBB-toBB+nowlosenotonly

theirindexlevelcomovementwithBBB-,butalsothecomovementatthewider

investmentgradelevel.

Lookingatfigure2.4.1thisappearstohold: BBB-/BB+movementsfeature
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largerthanaveragebetasfor“in”movements,andloweronesfor“out”.Crucially,

othernotchesalsofeaturebetashiftsthatarerelativelylargeinabsolutevalues,

butforBBB-/BB+wefindthisinallfoursubcases.Onlyinmovementsbetween

CCC+/CCCdoweobservethesamething,whichsuggeststhatBBB-/BB+move-

mentsmayhaveapeculiarstatus.

Toillustratethispoint,weprovideinfigure2.4.2theaverageinandoutmove-

ments,groupingupgradesanddowngrades,forallpossible1-notchmovements

betweentwogivenindexes. ThisconfirmsthattheBBB-/BB+movementsare

noticeablylargerthanaverageinboththeout(dashedline)andthein(solidline)

whichisalsotrue,toalargerextent,onlyforCCC/CCC+.

Figure2.4.2–Betashiftsacrossratingsforinandoutmovements
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2.4.2Robustnesschecks

Wecheckinthissectionthattheresultsareresilienttoregressionsusingalter-

nativemeasures,anddiscusswhethertheassumptionsinvolvedinthedesignof

ourtestholdinpractice.

2.4.2.1Alternativespecifications

Weprovide4variationsofourbaselineregression:

1)Replacingthedifferenceinspreadsbythespreadsinlevels.

2)Usingasinglebetainlinewiththetheoreticalmodelsinappendices2.1and

2.2.

3)Keepingonlybondswithalifetimeofbetween5and10yearsinthesample.

4)Keepingonlyratingactionsfrom2009onwards.

Thefirst2formsshouldenhancethemeasuredfundamental-drivencomovement

andthushaveadetrimentalimpactonourresults. Regardingform1):first-

differencingmayhaveremoved,atleastpartly,someofthecommonfundamental

variationbetweenbonds,bydetrendingthedata.Inform2),runningregressions

withbothjoinedandleftindexesmayhaveloweredthefundamentalcomponentin

thebetashifts,asthesecondindexpartlycontrolsforfundamentalfactors.Form

3)verifiesthatdifferencesinbondmaturitiesdonotdrivetheresults.4)controls

thattheresultswerenotdrivenbyaninsufficientamountofbondsinourindexes,

asinthefirstpartofthesamplefewerserieswereavailablesothatindexeshad

aloweratomicity. Thisspecificationwillalsoindicatewhethertheresultswere
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drivenbyfinancialcrisesornot.

Eachformusuallyimpliesachangeinthenumberofobservationsavailable,buta

numbersufficienttodrawconclusionsremains.Thelowestamountofobservations

isgivenbyform3)whichfeatures851downgradesand950upgrades,compared

with1370and1375forourbaselineestimation.

Table2.4.3summarizesthefindings:

Table2.4.3–Robustnesschecks

Thegeneralimpressionisthattheresultsappearquiteresilienttoalternative

specificationsfortest1,butnotfortest2. Wediscusseachtestseparately.
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Test1

Balancersaresignificantatthe0.1confidencelevelin7outof8cases.Globally

βisoftheexpectedsigninallbutonesubcases,outof16.Focusingondown-

gradestheevidenceisstronger,withallsubcasesbeingsignificantatthe0.1level,

andin6outof8atthe0.01one.

Form(1)haslittleimpactontheresults.Asexpected,thesinglebetaspecifi-

cation(2)isquiteharmful.Thesignofthein-upbalancerswitches,probablyas

aconsequenceofthehigherinfluenceoffundamentalfactors.Neverthelessstrong

evidenceofstyle-drivenexcesscomovementisfoundfortheout-downbalancer.

Keepingbondsofcomparablematurity(3)orfocusingonpast2009ratingac-

tions(4)appearsrelativelyinnocuous,sothatdifferencesinthenatureofbonds

orcrookedindexesdonotaprioridrivetheresults.

Test2

Thesignsareasexpectedin7of8subcases,butareneversignificant.Thep-

valuesincreaseineveryformcomparedtothebaselineestimation.Specifications

(1)and(2)appearparticularlydetrimental,whichcomesasasurprisebecausein

theorytheseformsweresupposedtoincreasethemeasuredfundamentalcomove-

ment,andthuswereexpectedtoimpactmoretest1.

2.4.2.2Aremarketbetasincreasing?

Sofartest1appearsconclusivewhiletest2doesnot.Theremainderofsection

2.4willfurtherexaminetheresultsoncomovementattherisk-classlevel,while

section2.5willbededicatedtotheinvestigationoftheresultsobtainedbytest2.
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Thedesignoftest1wasbasedontheideathattheyieldofalow-gradedasset

ismoreresponsivetoinnovationinglobalriskfactorsthanthatofahigh-graded

one. Wenowverifythisholdsinpracticebyestimatingthemarketbetasofeach

index,usingasimpleCAPM-typeregression:

RI=αI+βIRT+ I (2.2)

whereRT RIisthefirst-differencedyieldspreadonallbondsinthesample,

whichweuseasanindicatorofthesystematicriskinbonds. Wealsorunthe

regressionsusinglevelsinsteadofdifferencesasinrobustnesscheck1). Figure

2.4.3plotstheobtainedbetasacrossratings.

Figure2.4.3–Marketpriceresponsecomparedtoactualbankruptcyrate,forall
ratings
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Themarketbetaindeedrisesasgradesgetlower.Inthebaselinecaseusing

thefirst-differencedseries,theriseismoderate. Usinglevels,itbecomesmore

pronounced.Thisisnotsurprisingsincefirst-differenceswereintendedtodownplay

themeasuredfundamentalcomovement.

Inbothcasestheriseisnotmonotonic,assomeindexesappeartohavealarger

betathanthenextlowergrade.Thoughthisisabitsurprising,inourcontextthis

isnotamajorissuesinceourtestonlyrequiresthatthebetaberisingonaverage

acrossallratingactions,whichisverifiedinthesample.

2.4.3 Whatratingactionsmatter?

2.4.3.1Thedowngrade/upgradedifferential

Aconsistentfindingisthatdowngradeshavealargercomovementimpactthan

upgrades,wenowseektoexplainthispattern.

Afirstpossibilityisthatinvestorsarequickertoreadjusttheirstylesfollowing

adowngrade.Lossaversioncouldexplainsuchareaction,asitimpliesthatthe

costofadowngradeislargerthanthebenefitofanupgradeforinvestors. A

classicpaperbyTverskyandKahneman(1991)reportsthatthemarginalcost

oflosingadollarisabout2.5largerthanthebenefitofawinningone. Here

thecomovementreactionisabout4.5timeslargerfordowngradesinabsolute

valueforboth“in”and“out”cases.Eventhoughbothmeasuresarenotdirectly

comparable,thissuggeststhatlossaversionmaynotbetheonlyfactordrivingthe

observeddiscrepancybetweenupgradesanddowngrades.

Anothercomplementarypossibilitylieswithshareofthevariationthatisex-
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plainedbystyleinvestingfollowingadowngrade.Güttlerand Wahrenburg(2007)

showthatadowngrade/upgradeatagiventimetisindicativeofotherdown-

grades/upgradesatsubsequentperiods.Thismayleadsomeinvestorstopursue

momentumstrategiesinbonds,i.e.demandmorebondswhichhaverecentlybeen

upgraded,andlessthoserecentlydowngraded.Inthiscontextstyleinvestorsmay

representalargershareofthedemandfordowngradedbondsthanitdoesfor

upgradedones,whichcouldexplaintheirlargercomovementimpact.

2.4.3.2Annoucementsandissuerratings

Wenowreruntest1withthefollowingtwomodifications:

1)Usingannouncementsratherthanactualdowngradesastheeventday.

2)Using“underlyingratings”,whicharebasedonthecreditqualityoftheissuer

ofthebondratherthanthebonditself.

Thesetwoformsmaybeseenasrobustnesschecksbutaremostlyeconomicin-

terest.Fromtheliteratureonthepriceimpactofratings,weexpectthatannounce-

mentsshouldhaveasimilarimpacttotheactualratingaction,ifnotstronger.

Indeedaspointedoutby Micu13etal.(2006),announcementsarelikelytobe

followedbyanactualdowngrade/upgrade,sothatinvestorsshouldimmediately

accountforthispossibility. Wealsoexpectunderlyingratingstohaveastarker

impact,becausetheyappeartobemorefollowedbyinvestorsthanassetspecific

ones.

Intermsofobservations,form1)hasnoimpact.Form2)howeverleadsto244

13.Inthisstudytheauthorsmakeadifferencebetweenoutlooksandreviews,thelatterrep-
resentingastrongersignaloffuturedowngrades/upgrades. Theyfindasignificantimpactfor
both,sothatinthisstudyweconsiderbothreviewsandoutlooks,groupingthemunderthe
banner“announcement”.
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downgradesand304upgrades,duetothefactthatchangesinratingsareless

commonforissuersthanbonds.

Table2.4.4–Testresultsusingannouncementsandissuerrating

Usingannouncementsimprovestheresults,withbothbalancersachievingsigni-

ficance.Theseresultsimplythat,consistentwiththeliterature,investorsappear

touseannoucementsasasignalofafutureratingaction,andimmediatelyact

uponit.

Theissuerratingformalsoleadstostrongerresults,bothintermsofmagnitude

andsignificance.Takingtheout-downcase:avalueof-0.326meansthatanasset

thatgetsdowngradedseesitsbetawithitspreviousindexfallfrom1to0.674,

onaverage. Withrespecttothep-values,theperformanceisespeciallystrong

consideringthenotabledropinthenumberofobservationsusedforthetest.

Overalltheseresultssuggestthatunderlyingratingactionsindeedhaveparticular
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importanceforinvestors.

2.5InvestigatingtheimpactoftheBBB-/BB+

threshold

Inthissectionwediscussandattempttoexplaintheresultsofsection2.4,

particularlythoseontest2. Weinvestigatepossiblebiasesinthetest,whichwill

infactlaythegroundforawiderdiscussionofthebehaviorofinvestorsaround

theBBB-/BB+threshold.

2.5.1Theoreticalreasonsfortheweaknessofthecomovement

premium

Section2.4impliedthatstyleinvestingappearstobepresentattheriskclass

level,butnotsignificantlyattheinvestmentversushigh-yieldone. Toexplain

thisfindingletuswriteH0oftest2intermsofthetheoreticalmodelprovidedin

appendix2.2.Takingtheexampleoftheout-downcase:

H0:
αIσ

2
F(αI−αI)

σ2RI
+(δI,I−1)

σ2I
σ2RI
<
αbbbσ

2
F(αbb−αbbb)

σ2Rbbb
+(δbb,bbb−1)

σ2bbb
σ2Rbbb

wherethelefthandsiderepresentstheaveragechangeincomovementoverall

movementsbutBBB-/BB+ones. Wemayreexpressthisexpressionas:

H0:(A)+(B)(C)<(A)+(B)(C)
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where(A)=αIσ
2
F(αI−αI)
σ2RI

,(B)=(δI,I−1)and(C)=
σ2I
σ2RI
.

Expression(A)isequaltothefundamentals-drivencomovement f,while

(B)(C)= Irepresentsthecomovementchangethatisduetostyleinvesting

attheriskclasslevel.

(B)concernstheindex-comovementδI,I,andtellsushowstyleinvestorstrade

theleftandjoinedindexestogetheronaverage.IfstyleinvestorsseeIandI’

assubstitutestherewillbenegativecomovementbetweenthem,iftheyseethem

ascomplements,comovementwillbepositive14.Thistermthusdependsonthe

“patterns”ofstyleinvesting.

(C)ontheotherhandrepresentstheshareofthevarianceofagivenindexthat

isidiosyncratic,i.e.thatisunrelatedtoglobalfactorsinthebondmarket.Ifa

givenriskclassIisparticularlysubjecttostyleinvesting,thecovariancebetween

theassetsthatcomposeitwillbehigher,andsowillthissharebe. Therefore

(C)isanindicatorofthe“amount”ofstyleinvesting.Consequentlycomponents

(B)and(C)maybeseenrespectivelyas“qualitative”and“quantitative”style

investing.

OurdoubledifferenceapproachmeantweinitiallyexpectedE(A)=E(A),

E(B)>E(B),andE(C)=E(C),asthecomovementpremiumofthe“high-

yieldversusinvestment”isembeddedin(B).

ThustherearethreepossibilitieswhywefailedtorejectH0:

-(A)<(A’),i.e.therelativechangeinfundamentalsthataccompanyupgrades/downgrades

isinfacthigherformovementsbetweenBBB-andBB+.

-(B)≈(B’),i.e.BBB-andBB+actually“stylecomoves”asmuchastheother

14.Onaveragethough,aswementionedinappendix2.1,thiscomovementmustbebelow1,
sothatδI,I−1<0and

I<0inthisout-downcase.
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neighboringriskclasses,thereisnoimpactofmovingacrosswiderensembles.

-(C)>(C’),i.etheamountofstyleinvestinginBBB-andBB+classesislower

thanaverage.

Explanation(B)meansourtestwascorrectbutthereisnostyleinvesting,(A)

and(C)implythetestwasbiased.

Differentpossibilitiesmayleadto(B).Thesimplestoneisthatinvestorssimply

donotattachaparticularimportancetotheinvestmentversusspeculativegrade

distinction.Asecondoneisthatportfolioinvestorsmayaccountfortheriskthat

agivenassetmovestoadifferentensembleasitapproachestheBB+toBBB-line,

andactpreemptively. Third,comovementcouldprimarilybedrivenbypassive

investorswhoholdwelldiversifiedportfolios,sothatthereactionto“speculative”

versus“investment”movementscouldnotbestrongenoughtoshowempirically.

FinallywehavementionedthattheBBB-/BB+thresholdmaybeparticularly

relevantfromahabitattradingperspective,perhapsthistypeoftradinghasa

weakerimpactoncomovementthancategorytrading.

Thefirstthreeoptionsarenotsatisfactory.Casualobservationseemstoimply

thattheBBB-/BB+distinctionisindeedcentralinthemarket.Asimplesearch

ontheinternetshowsthatnumerousETFaimatreproducingeitherinvestment

orhigh-yieldindices. ManyofsuchETFsareverylarge,andtheirfocusoneither

ensembleiscomplete15.Academicevidenceseemstoconfirmthis,notablyMicu

etal.(2006)whohavefoundahigherpriceimpactforBBB-/BB+downgrades.

Onthesecondpossibility:ifinvestorsactedpreemptivelywhenabondap-

proachestheBBB-/BB+threshold,weshouldseeanimpactfornotchesjust

aboveBBB-orjustbelowBB+,whichisnotthecase. Finally,ifthereaction

15.ThisfocusisusuallymadeclearinthenameoftheETF
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toratingactionsbystyleinvestorswasindeedmellow,weshouldnotobtainsuch

goodresultsontest1.

Thelastpossibilityseemsmorelikely.Theremaybereasonsforhabitattrading

togeneratelesscomovementthancategoryone. Fromaqualitativestandpoint

habitattradingimpliesthatinvestmentandspeculativeindicesbehaveindepen-

dentlyi.e.δbbb,bb=0,whileasmentionedinappendix2.2weexpectedδbbb,bb<0

fromacategorytradingperspective.Fromaquantitativestandpoint,withhabitat

trading,thecovariancebetweenassetsofthesameensemblecomesfromthefact

thatsimilarassetsareheldbysimilarinvestors,whosesellingandbuyingdeci-

sionsarecorrelated.Howeverasthesubsetofassetsincreases,theprofilesofthe

investorswhoholditbecomesmoreheterogeneous.Thusforlargesubsetssuchas

“investment”and“high-yield”bonds,theeffectmaybeweaker.

Neverthelessbeforedrawinganydefiniteconclusions,weinvestigatethepoten-

tialbiasesfromexplanations(A)and(C).

2.5.2 Wastest2biasedbyheuristicfactors?

Inthefrictionlessmodelprovidedinappendix2.2thereisnoreasonforthetwo

equalitiesE(A)=E(A’)andE(C)=E(C’)nottohold.Showingadeparturefrom

theseequalitiesthusinvolvesprovingthatheuristicfactors,i.e.theinstinctsof

theinvestorsand/ortheconstraintstheyface,leadsthemtoreactdifferentlyto

movementsbetweenBBB-andBB+.
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2.5.2.1AreBBB-/BB+movementssanctionedwithmoreseveritybythe

market?

TheideathatE(A)=E(A)reliedonthefactthatratingagenciesclaimthey

onlyjudgeafirmaccordingtoitsfundamentals,withoutaccountingforitspeculiar

statusfromamarketsentimentperspective.Yetthissentiment,evenifnotbased

uponfundamentals,mayhavefundamentalconsequences.Indeedifinvestorsare

lesswillingtofinancespeculativebonds,theveryactionofmovinganassettoa

speculativestatusshouldrisetheinterestsonitsdebt,makingitdefactomore

risky.

Moreimportantly,evenifthe“true”fundamentalchangerequiredforBBB-

/BB+movementiscomparabletotheaverage,themeasuredonemaynotbe.

Indeedaspricesaresetbythemarket,thespreadreactiontoariseincredit

riskwillnecessarilyreflectthemarket’ssentimentandperceptions,notnecessarily

fundamentals.Figure2.3.1seemstoconfirmthisintuition.Neighboringindexes

areusuallyverycloseonetoanother,butweobserveasignificantgapbetween

BBBandBB.

Figure2.4.3whichplottedthemarketbetasfromregression(2.2)alsosuggested

apeculiarstatus. Toinvestigatewezoomonthebetasforthebaselinefirst-

differencecase,towhichweaddthehistoricalannualrateofdefaultperclass16,

forthesakeofdiscussion.

ConsistentwithoursuspicionstherelativechangebetweenBBB-andBB+is

16.Historicalaverageforyears1981to2013included,normalizedtofitthescale. Datawas
obtainedfromS&P(2014).ThedatagatheredallriskclassesfromCCC+toC,whichweplotted
asCCC+.ThestrongincreasebetweenB-andCCC+shouldthenbeputinperspective.
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Figure2.5.1–Marketpriceresponsecomparedtoactualbankruptcyrate,forall
ratings

oneofthelargest,sothatoursecondtestwasindeedlikelybiased. Thisalso

explainswhytheresultsontest2wereparticularlyharmedbyrobustnesschecks

1)and2)whichtheoreticallyincreasedthemagnitudeofthefundamentalbias.

Interestinglywealsoseethatthereisalargecounter-intuitivefallinbetasfor

downgradesfromAAAtoAA+,whichagainmaybeduetothefactthatAAA

assetsareparticularlysensitivetochangesinriskaversion,whichrisesandfallsin

responsetofundamentalnews.

Thekeyobservationisofcoursetheapparentdisconnectionbetweenthetrue

creditriskofassetsandhowthemarketpricesthem. Therelativeincreasein

bankruptcyratebetweenBBB-andBB+appearsnohigherthanaverage,atodds
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withthecorrespondingriseinbetas.Thisimpliesfirstthattheintuitiononwhich

test2wasbasedwasrightintermsof“true”fundamentals,andsecondthatas

investorsappeartosanctionBBB-/BB+movementwithparticularseverityeven

iftheyhavenofundamentalreasonto.

2.5.2.2Isstyleinvestingstrongeroverassetswithextremeratings?

E(C)=E(C)mathematicallymeansthateveryindexisexpectedtobeequally

usedforstyleinvestingpurposes.Inotherwordsthenumberoftimesagivenasset

willbeboughtaspartofanindexwillbeconstantacrossindexes.Similartolast

sectionwecheckthatthisholdinpractice,byestimating(C)=
σ2I
σ2RI
withits

empiricalcounterpart:1−R2ofregression(2.2),whichrepresentstheshareofthe

variationineachindexthatisnotexplainedbyfactorswhicharecommontoall

bonds.

Ofcoursetheindicatorisnotperfect,asinpracticetherearefactorsotherthan

styleinvestingthatmaycausetheshareofidiosyncrasytovaryacrossnotches.

Theresultsshouldthenbeseenasonlypartlyattributabletostyleinvesting.

Figure2.5.2plotstheresults.

ThegradesBBB-andBB+indeedexhibitalowershareofidiosyncrasyintotal

variance.Thissuggeststhattest2wasbiasedfromthisperspectivealso.Besides

thisaveryinterestingpatternemerges:theshareofidiosyncraticvariationis

particularlystrongforlowergradeassetsandforhighgradeones,leadingtoa

U-shapedcurve.Theevolutionisremarkablyconsistentacrossnotches.

Observationsarewellspreadacrossindexes,sothattheresultsdonotsimply

reflectahigherweightofsomeindexesintotalaverage.Howcanthisresultsbe
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Figure2.5.2–Idiosyncraticshareoftotalvariationforallratings

explained?

Forhighgradedassettheapparentdisconnectionwithglobalriskfactorssurely

comesinpartfromthefactthattheseassetsaresafeenoughtobeimmuneto

changesinglobalrisk. Yetfromthisperspectiveweshouldhaveaparticularly

strongimpactonAAAassets,whichisnotpresentcomparedtoAA+orAA.

Acomplementaryexplanationthenlieswithregulation. Thesamplecoversa

periodofpreparationtoBaselIII,whichwillapplyaleverageratiothatparticu-

larlyvaluesAA-ormoreratedbonds(Baselcommittee,2013).BeforethisBaselII

hadalsodrawnalineatAA-forcapitalcharges(AtkinsonandBlundell-Wignall,

2010).Therefore,forhighgradedbonds,investorsmaybetemptedto“buythe

grade”forregulatorypurposes,leadingtoalargedisconnectbetweenthesebonds
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andtheothers. Thiscanberelatedtowarningsthathaveemergedfromboth

analystsandpractitionersthatBaselmayshiftdemandawayfromnonpremium

qualitybonds17.

Forlowergradebonds,thedisconnectwithfundamentalsismoresurprising.

Apossibilityisthatthepricingofspeculativeassetsclassessometimesappearto

bebasedmoreonmarketsentimentthanfundamentals.Howeveranotherstrong

possibility,andmoreinterestingfromtheperspectiveofthisstudy,isthatstyle

investorsrelymoreheavilyonratingswhenthecostofgatheringinformationthem-

selvesisparticularlylarge.Largeandwelldiversifiedgroups,forwhichinformation

flowsfreelyandquicklyacrossmarkets,maythenbelesstradedaspartofanindex

comparedtosmalllessscrutinizedfirms. Thiscouldleadtoalargeramountof

styleinvestinginlowergradeindexes,whotypicallyrefertosmallerfirms.

2.5.3Comovementatthehigh-yieldversusinvestmentlevel

Section2.5.2hashintedthatsomebiasesmayexplainourresultsontest2,we

nowuseourestimatesofthesebiasestorerunatheoreticallyunbiasedversionof

thistest.

Sincewehave β=(A)+(B)(C),removing(A)from βanddividingby(C)

shouldgiveusarawestimateof(B),thecomponentonwhichweinitiallyexpected

adifferentiatedimpactforBBB-/BB+movements. Ofcoursecorrectingfor(A)

and(C)introducessomemodelingandmeasurementerror,sothatweshouldbe

cautiousnotablyinourinterpretationofthemagnitudesoftheestimated(B).We

focusmoreonthep-valuesofthecorrectedtests.

17.SeeforinstancethespeechbyDutchcentralbankerN. WellinkinAmsterdam,14thApril
2011
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(C)hasbeenestimatedinsection2.5.2.2.(A)maybeexpressedastheproductof

therelativechangeinfundamentals18,whichwehaveestimatedinsection2.5.2.1,

andtheexplainedsumofsquaresofaregressionoftheindexon“fundamentals”,

whichcorrespondstotheR2ofregression(2.2).

Table2.5.1presentstheresultson“correctedtest2”forourbaselineestimation.

Weincludetheresultsofsection2.4withnocorrections,thosewithonlythe

fundamentalcomponent(A)removed,andfinallythosewithbothcorrections.

Table2.5.1–Correctedtest2

Wefindthataccountingfor(A)and(C)leadstoanoteworthychangeinthe

conclusionsoftest2. Removingthe“fundamentalbias”only,asignificantim-

18.(A)=
αIσ

2
F(αI−αI)

σ2
RI

=
α2Iσ

2
F

σ2
RI

(αI−αI)
αI
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pactispresentinbothsubcasesatthe0.1level.Accountingforbothbiasesleads

themtoachievesignificanceatthe0.05level.Thecorrectedtestappearstoim-

pactparticularly“in”movements,whoexhibitverysmallp-values.Theseresults

suggestthataccountingforthepeculiarstatusofBBB-/BB+movements,assets

indeeddrawextracomovementfrombelongingtosimilarinvestmentorhigh-yield

ensembles,consistentwithwhatweinitiallyexpected.

Figure2.5.3plotstheaveragecomovementchangefromqualitativestyleinvest-

mentforallratingactions.

Figure2.5.3–Correctedbetashiftsacrossratingsforinandoutmovements

ThemagnitudeofBB+/BBB-movementshasrisensignificantly,notablyrela-

tivetomovementsbetweenCCCandCCC+andtoalesserextentbetweenAand
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A+.

Table2.5.2presentstheresultsforcorrectedtest2forthealternativespeci-

ficationsdefinedinsection2.4,wherethefirst4formsrepresentourrobustness

checks,while(5)and(6)aretheresultsusingrespectivelyannouncementsand

issuerratings.

Table2.5.2–Correctedtest2robustnesschecks

Applyingbothcorrectionshasastrongimpactoftheresultsoftest2.“In”

movementsseemtoperformparticularlywell,comingupsignificantatthe0.05

levelin5outof6specifications. For“out”movementtheevidenceisnotas

definite,buttheaveragebetashiftisoftheexpectedsignineveryform,andits

p-valueisbelow0.2in4outof6cases.Overallweviewthisevidenceassupportive

ofourbaselineresults.
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Individuallyweseethatthecorrectionsweapplyhavehadastrongimpact

onthemagnitudesofthecoefficientsinform(1),whichuseslevelsinsteadof

differences.ThisisduetothefactthattheR2ofregression(3)approaches1using

levels,astheregressiononlevelspickupmorecommonvariationwhichkicksup

ourestimatesof(B).Neverthelesstheperformanceofthet-testonthisformis

comparabletotheotherones.

Otherformsappearfairlyhomogeneous,exceptforspiritratingswhoperform

extremelywell,andunderlyingratingswhoperformquitepoorly.Yetthisresult

forunderlyingratingsisbasedononly34observations,thenumberofrating

actionsbetweenBBB-andBB+attheissuerlevel,sothatfurtherdiscussion

wouldbecareless.Theperformanceofspiritratingsontheotherhandstrongly

impliesthatinvestorsdoreacttoratingannouncementsmorethantheydoto

actualmovements,particularlyforBBB-/BB+movements.

2.6Conclusion

Thischapterhasuncoveredstrongevidenceofstyle-drivenexcesscomovement

inbonds.Ourfirsttestinparticularshowsthatassetswhomovefromoneclassto

anotherstartcomovingmorewiththeclasstheyjoinandlesswiththattheyleave,

evenwhenfundamentalfactorspredictotherwise. Wealsofindthathigh-yield

andinvestmentensemblesleadtheassetsthatcomposethemtomovetogether,as

impliedbyourcorrectedsecondtest.

What’smore,wesuggestthatlowandhighgradedassetsmaycomovepartic-

ularlystronglywiththeirriskclasses,duetoinformationalandregulatoryeffects

respectively. Wealsopointoutthatthemarketpricingreactiontocertainrating
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actionsseemhardtoreconcilewithfundamentalfactors.

Thischapterattemptedatmakingadiagnosis,butmanyextensionsmaybe

consideredfromthispoint. Fromtheinvestorsperspective,certainfindingsin

thisstudymayhavetradingimplications.Forinstance,ifBB+bondshaveonly

amarginallyhigherbankruptcyratethanBBB-bondsbuttheirpricefallmuch

moreinresponsetonegativenews,atradingstrategybasedonsellingshortBBB-

andbuyingBB+withtheproceedsmaybeconsideredfollowingbadnews.

What’smore, WahalandYavuz(2013)haveshowedthataportfolioofassets

thatstronglycovarywiththeirindexesperformsbetterthatonewithlowcorrela-

tionwithindexes.Fromthisperspective,passiveinvestorsmayconsiderholding

onlyhighgradedandlowgradedassets,whoseemtobemoresubjecttostyle

investing. Weplanoninvestigatingsuchquestionsinafollow-upstudy.

Theresultspresentedmayalsohaveimplicationsfromaregulatoryperspective.

FirstfurtherworkshouldbeundertakentoconfirmthatBaselIIIhashadthe

unintentionaleffectofcreatingextrastyleinvestinginhighgradedassets.Second,

“investor-driven”comovementshouldalwaysbeconsideredcarefully,asitmay

constituteavehiclefortransmittingshocksacrossmarkets.Regulatorsmaythen

betemptedtolimittheamountofstyleinvesting,forinstancebyimposingsize

constraintsoncertainETFs.
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Chapitre3

Foreignexchangeinvestmentrules

andendogenouscurrencycrashes

3.1Introduction

Everyempiricalmomentofthefloatingexchangeratesseemstocontainapuz-

zleforeconomists.Intermsofexpectedvalues,exchangeratesarerelatedto

fundamentalfactorsonlyinthelongrun. Atashorteryetnon-trivialhorizon,

importantdeviationsfromsuch“fundamentals”mayariseandpersist(Meeseand

Rogoff,1983,Faustetal.2003).Thesamedisconnecthaslongbeendocumented

intermsofvolatility(BaxterandStockman,1989),whilethedistributionofex-

changeratesalsohasfattails(Huismanetal.,2002)andisconditionallyskewed.In

particular,thecurrenciesofhighinterestratecountriesappearsubjecttocrashes

whichagaindonotappearlinkedtoaclearfundamentaltrigger,aspointedout

byBrunnermeieretal.(2009).

Agiganticliteraturehasfocusedonexplainingthisseeminglypuzzlingbehavior
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ofcurrencyprices. Onebroadapproachhasputforwardmacro-basedexplana-

tions.Dornbusch(1976)notablyarguesthatexchangeratevolatilityisanatural

consequenceoffundamentalvolatilitywhenuncoveredinterestrateparityholds.

DevereuxandEngel(2002)postulatesthattheexchangeratedisconnectfromfun-

damentalmaybeduetothefactthatconsumerpricesarerelativelyinsensitiveto

changesinthenominalrates. Withrespecttoskewness,the“suddenstop”liter-

aturehasexplainedcrashesinemergingcountrythroughacombinationofpush

andpullfactors.

Anotherstrandofliteraturehasfocusedmoreonfinancialmarkets,arguingthat

frictionsattheinvestorlevelmaybethecauseofnon-fundamentalpricemovement.

This“microstructure”approachpostulatesthattherulesfollowedbyinvestors,the

constraintstheyface,thestructureofthemarkets,haveanon-negligibleimpact

onmarketprices.ItreceivedsignificantsupportfromEvansandLyons(2002)who

showedthatorderflow,anindicatorofthenetdemandbycustomerstoforeign

exchange(FX)dealers,explainsmostoftheshort-to-midtermreturnsintheFX

market,incontrasttofundamentalfactors.

FXmicrostructuremodelshavebeensuccessfulinreproducingsomeempirical

featuresofexchangerates(seeKingetal.,2013forasurvey).Apopularapproach

notablyexplainsfattailsandvolatilityclusteringthroughtheinteractionsofhet-

erogeneoustradingrules(FrankelandFroot,1990,DeGrauweetal.,1993,De

GrauweandGrimaldi,2006),whileothermodelsputforwardinformationeffects

(BacchettaandVan Wincoop,2006). Howeverthesemodels,toourknowledge,

havebeensilentontheissueofcurrencycrashes.

Thisstudyfillsthisgapbyshowingthatnegative(positive)skewnessarisesnat-

urallyforhigh-yield(low-yield)currenciesonceweaccountfortwobasicfeatures
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ofFXinvestors:heterogeneoustradingrulesandfundingconstraints. Wespecify

amodelwhichgeneratesdynamicsthatareconsistentwiththeempiricalobser-

vationthathigh-yieldexchangerates“goupthestairsanddowntheelevator”.

Importantly,thesedynamicsemergeevenintheabsenceoffundamentalshocks,

consistentwiththesuggestionbyChernovetal.(2012)thatjumpsintheexchange

ratesresultfroma“selfexcitingprocess”.

Inanutshell,wepresentamodelinwhichexchangeratesmovewiththedemand

forcurrenciesfromthreetypesoftraders1:

-“Chartists”or“momentumtraders”,whoaimatidentifyingtrendsinprice

dynamicsandtagalongthem.

-“Fundamentalists”whotrytotakeadvantageofthetendencyoftheexchange

ratetoreverttotheirfundamentalvalueinthelongrun.

-“Carrytraders”,whoborrowinalow-yieldcurrencyandlendinanhigh-yield

one,andaresubjecttofundingconstraints.

Thesedifferenttradingrulesandtheirinteractionscausedeviationsfromfun-

damentals,byallowingtheexchangerateto“feedoffitself”toacertainextent.

Recurrenceintheexchangerate(ER)dynamicswillcomefromtwosources:1)

chartists,andtoalesserextentfundamentalists,basetheirexpectationsoffuture

exchangeratechangeonthepastrecentlyobservedmovements;2)pastexchange

ratemovementsimpactsthecapitalofcarrytradersandthustheirabilitytofi-

nancenewpositions.Formallythistranslatesintoacomplexrelationshipbetween

St,thechangeintheexchangeratebetweentimetandt+1,anditslagged

values,whichwestudybothinitsdeterministicandstochasticversion.

Wefindthatcurrencycrashesforhigh-yieldcurrenciesoccurendogenouslyas

1.SeePojarlievandLevich(2010)forevidenceonthepreponderanceandthesetradingstyles.
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follows.Slowmovingcapitalfromconstrainedcarrytradersinducesatrendof

appreciationinahigh-yieldcurrency,whichispickedupbychartists. When

thistrendweakensthroughtheinfluenceoffundamentals,chartistsexittheirlong

positionswhilefundamentalistsenterthemarket,shortingthehighyieldcurrency.

Thiscombinedsellingbybothagentsleadstoasignificantdropinthepriceofthe

currency,whichinturnimpactsthecapitalofcarrytraders.Sincecarrytradersare

requiredtoholdagivenproportion1/Loftheirtotalholdingsincapital,theyare

thenforcedtosellassetstocomplywiththeirconstraint.These“margincalls”lead

tocurrencycrashes.Initsstochasticversion,themodelyieldsempiricalmoments

thatarecomparabletothoseofcurrencycouplesknowntoattractcarrytraders,

suchasJapaneseyenversusAustralianorNewZealanderdollar(AUD/JPYand

NZD/JPY),intermsofskewnessaswellasvarianceandkurtosis.

Inthiswaytheapproachofthechapterisbasedoncombiningtwoestablished

findingsoftheexchangeratemicrostructureliterature,whichsofarhavebeen

consideredseparately.Firstfundingconstraintshavepotentialtoturnanadverse

shockintoacrash,secondheterogeneoustradingrulesmayinducesuchadverse

shocksincurrencyprices.Thisplacesthischapteratthecrossroadsoftwostrands

ofliterature.

Thefirstfocusesonthelinkbetweenfundingissuesandmarketprices.Ina

generalsetting,AdrianandShin(2010)studyhowprocyclicalcapitalrequirements

fosterfinancialcycles. Danielssonetal.(2012)arguethatfundingconstraints

maytranslateintohigherassetvolatility,leadingto“endogenousrisk”.IntheFX

marketinparticular,PlantinandShin(2006)arguethatinthepresenceofhigh

fundingcosts,carrytrademayleadtorationalspeculationwhichcausesexchange

ratestodepartfromtheirfundamentalvalue.Finallyadecisivestudyfromour
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perspectivecomesfromBrunnermeieretal.(2009)whofindasignificantlink

betweencurrencycrashesandthepositionsofleverageconstrainedcarrytraders.

Thesecondstrandiscenteredaround“heterogeneousagents”,andstudiesthe

dynamicsoftheexchangeratethatarisefromtheinteractionsofdifferenttypes

ofFXinvestorswithdifferentdemandfunctionsforthecurrency.Theapproach

pioneeredbyFrankelandFroot(1990)studiedtheinteractionbetween2rules:

chartistandfundamentalist(C&F).HoweverinarecentpaperSpronketal.(2013)

usesasimilarset-upbyaddingcarrytraders.Ourcontributionagainlieswiththe

factthatthesemodelsproduceexchangerateswithdistributionsthatareeither

symmetric,orwhoseskewnessriseswithinterestrates,incontrastwithwhatwe

observeempirically.

OurapproachmaybealsocomparedtothatoftheC&Fliteratureontechnical

grounds.Anotablesimilarityisthatourmodelingimpliesanecessarydeparture

fromtherationalexpectationassumption. Wespecifyinvestmentrulesforour

agentswhichcorrespondmoretoa(simplifiedversionofthe)realityoftheFX

market,thantothesolutiontoafullyinformedmaximizationproblem. Asin

DeGrauweandGrimaldi(2006),wesimplycontrolthatsuchrulesarevalidby

checkingtheirprofitabilityex-post2.Anothercommonfeatureisthatthemodel

generatesdynamicsthatmaynotbesolvedanalytically,sothatthisstudyrelies

mostlyuponsimulations.

YettherearealsoimportantdifferenceswiththeusualC&Fliterature.Inpar-

ticularmodelssuchasDeGrauweandGrimaldi(2006)generatechaoticdynamics

whicharedefinedbyastrongsensitivitytoinitialconditions,anddifferentpossible

2.Anotabledifferencefromatechnicalperspectiveisthatourdynamicsarenotchaoticas
ourset-uptheexchangeratewillalwaysconvergeitsfundamentalvalue.
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pathsforagivenstartingpoint.Incontrast,undergeneralconditionsourmodel

convergesasymptoticallytowardsasinglepointgivenbythefundamentalvalueF

oftheexchangerate,whichrepresentsitsonlysteadystate.Ourinterestlieswith

howrealisticinteractionsbetweenFXinvestorsmayleadtheERtodeviatefrom

thissteadystatevalueF,andwhetherthisdeviationwilldieoutthroughacrash

orasmoothadjustment.

Weextendthemodelbystudyingitssensitivitytodifferentlevelsoffunding

constraintsforcarrytraders,anddifferentlevelsofactivenessforchartistsand

fundamentalists. Wefindthatskewnessisanon-linearfunctionoffundingcon-

straints. Whencapitalisveryconstrainednoboomphaseappears,andconse-

quentlyno“bust”. WhencapitalislittleconstrainedtheERimmediatelykicks

upthengraduallyadjustaspredictedbybasicfinancialtheory.Formoderately

constrainedcarrytradershowever,thereisenoughcapitaltocreateabuild-up

phase,whiletradersremainvulnerabletomargincallsbecausetheyoperateon

theirfundingconstraint. Wealsofindthatmoreactivetradingbychartistsand

fundamentaliststypicallyleadstolowercurrencycrashriskbyreducingthelength

andstabilityofthebuild-upphase.

Finallyweinvestigatehowourfunding-drivenboomsandbustsmayhelpresolv-

ingtwowellknownpuzzlesoftheFXmarket:the“exchangeratedisconnect”from

fundamentalsintermsofexpectedvalues,andtheseemingly“abnormalprofits”

tocarryandmomentumtrading,highlightednotablybyMenkhoffetal.(2012).

Toinvestigatethe“disconnect”,wegenerate10000randomtimepathsforthe

fundamentalvalueF,fromwhichwedrawthecorresponding10000ERdynamics

impliedbyourmodel. WethenregressERonFforallrealizations,inorder

tostudywhattypeofempiricallinkbetweenfundamentalsandtheexchangerate
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ariseinthemodel.Ourresultsareconsistentwiththefindingsofaclassicempirical

studyonthematter,providedbyMark(1995).

Withrespecttothe“profit”puzzle,weuncover1)thatallstrategiesareprof-

itableinequilibriumand2)theprofitsgeneratedreproduceanumberofstylized

factshighlightedbytheliteratureonthematter.Inparticularitappearsac-

countingforcarrytraderleveragereducesthepuzzleofcarryprofits,asargued

byDarvas(2009). Momentumtradingontheotherhandappearsremarkably

successfulincludingduringcrashes,consistentwithMenkhoffetal.(2012).

Thecontributionsofthisstudymaythenbesummarizedasfollows:1)From

atheoreticalstandpoint,theFXmarketmaysufferfromaperverseinteraction

betweenactiveprocyclicaltradingrulesandfundingconstraints;2)Amodelwith3

simpletradingrulesandfundingconstraintdoesagoodjobmatchingtheempirical

featuresofexchangerates,notablytheirskewness;3)Dynamicsofboomsandbusts

mayexplainotherfeaturesoftheFXmarket,notablythepuzzlesoftheprofitsof

theFXinvestorsandthedisconnectbetweentheexchangerateandfundamentals.

Section3.2presentsthemodel.Section3.3calibratesitandpresentsthedy-

namicsitgenerates.Section3.4extendsthediscussion.

3.2Themodel

ThissectionpresentsthestructureoftheFXmarket,andderivestheasset

demandsoftheFXinvestors.
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3.2.1Themarket

3.2.1.1Set-up

Westudya2-countrymodelinwhichalargedevelopedcountry,“Home”,in-

teractswithasmallerhigh-interestratecountry,“Abroad”.Thereadermaysee

“Home”astheUS,and“Abroad”aseitherasmallerdevelopedcountry,orafairly

openemergingone. Theexchangeratebetweenthedomesticandforeigncoun-

try,expressedintermsofthevalueinthehomecurrencyofoneforeigncurrency

unit(FCUhenceforth),willmoveaccordingtotherelativedemandforcurrencies.

CurrencysupplyisthusfinitelyelasticasinEvansandLyons(2002),whichallows

theERtomovewithdemand.

WesimplifytheanalysisbystudyingonlythedemandforFCUfromthelarger

“Home”country,implicitlyassumingthatthevariationsinthedemandforboth

currenciesbytheforeigncountryarenotsufficientlylargetoimpacttheexchange

rate.InotherwordsthelargerHomecountryisacurrencypricemakerwhile

Abroadisapricetaker. Takinganexample,weassumetheUSdollar/New

Zealanddollarexchangeratewillchangeonlymarginallyinresponsetoarisein

thedemandforUSDbyNew-Zealand,butwilllikelybelargelyimpactedbyarise

intheUSdemandforNZD. WealsoassumebothHomeandAbroadhavefairly

advancedfinancialmarketswhichallowsatisfactoryliquidity.

ThedemandforFCUbyHomecomesfromtwosources:“real”demandwhich

representsthedemandforforeigngoodsbyHomefirmsandconsumers,and“fi-

nancial”demandwhichcomesfromthedemandforFCUbyHomeinvestors.The

timingisasfollows:demandshocksforFCUoccursatexactlytimet,andhave

animpactontheexchangerateatt+ω,whereωmaybeseenasthetimeittakes
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foradealertoexecutetheorderandadjusthisquotesifhefindsevidenceofexcess

demand.Anincreaseindemandbetweent-1andt, Qt−1=Qt−Qt−1,willthen

haveanimpactontheERbetweentandt+1 St=St+1−St.

Formally:

St=b Qt−1=b[Qr,t−1+ Qfm,t−1] (3.1)

wherebisthemarginalimpactofanadditionalunitofFCUdemandedonthe

exchangerate,and Qr,t−1and Qfm,t−1representtherealandfinancialdemand

shocksfortheFCUbetweentimet-1andtimet.

3.2.1.2Realandfinancialdemands

WedefinetherealdemandforFCUasthecurrentaccountpositionofthe

foreigncountryateachperiodt.Inappendix3.1wederiveansimplemicrobased

expressionforthiscurrentaccount. Pluggingthisexpressioninequation(3.1)

yields:

St=λ(
F−St
St
)+b Qfm,t−1

whereFisthefundamentalexchangerate,whichinourset-upissimplydefined

astheexchangerateforwhichtradeisbalancedbetweenbothcountries3.λ

isaparameterwhichgovernstothespeedofconvergencebetweenStandits

fundamentalvalue. WesetbothFandλtoremainconstantinordertofocuson

theendogenousdynamicsofStthatemergethroughthebehaviorofinvestorsin

3.Otherdefinitionforfundamentalvaluemayexist,notablythosebasedonuncoveredinterest
parity
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anotherwisestableset-up.

NotethattherealdemandforFCUisadriverofmeanreversiontowardsthe

fundamentalvalueF.Inthiswayourformalspecificationisconsistentwiththe

literaturediscussedintheintroduction:theexchangeratewilldeviatefromits

fundamentalvalueFthroughthedemandfromFXinvestors,butreturntofun-

damentalsinthelong-run. Weverifythatthisconvergenceholdslaterinthe

chapter.

Thefinancialdemandcomponent Qfm,t−1dependsonthetotalnetdemand

forFCUbyalltraders,whichincludescarrytraders, momentumtraders,and

fundamentalists,towhichweaddanoisetradingcomponent.Thefinalformfor

theevolutionoftheexchangerateisthus:

St=λ(
F−St
St
)+b[nc qc,t−1+nm qm,t−1+nf qf,t−1]+n,t (3.2)

wherenstandsforthenumberoftradersofeachprofile,whilethec,m,and

fsubscriptsstandrespectivelyforcarrytraders,momentumtraders,andfunda-

mentalists. n,tisthenoisetradingcomponent,whichwesettobewhitenoise.

TheevolutionoftheERwillthendependsupontheexpressionsforthedemand

ofthetraders qc,t−1, qm,t−1, qf,t−1,whichwenowderive.

Summary:theexchangerateisinfluencedbytherealandfinancialdemandfor

acurrency,wheretherealdemandisadriveroflong-termconvergencetowards

fundamentals.
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3.2.2Carrytraders

3.2.2.1Basics

Carrytradersallocatecapitalbetweenarisklesshomebond,whichmaybeseen

asacashposition,andariskyforeignbond. Theforeignbondmaybeseenas

agenericassetwhosereturnandriskreflectthatofadiversifiedpositioninthe

foreigncountry.ThebalancesheetpositionforacarrytraderintheHomecurrency

isgivenby:

et=ptqt+Stptqt (3.3)

whereetisthecapital(orequity)ofthetrader,expressedintheHomecurrency.

ptisthepriceoftheforeignbondintheportfolioattimet,qtthequantityheld,

andSttheexchangerate,expressedasthevalueofoneFCUintermsofthehome

currency.Theapostrophesindicatethepositionstakeninthedomesticcurrency.

ptqtmaytakeanegativevalue,indicatingthattheinvestorisleveraged.

Normalizingthereturnonthedomesticassetto1,thevalueofthecapitalat

thefollowingperiodisgivenby:

et+1=ptqt+Stptqt(1+Rb,t)(1+Rs,t) (3.4)

whereRs,t=
St+1
St
−1istherealizedreturnontheexchangeratebetweentand

t+1,andRb,t=
pt+1
pt
−1isthereturnoftheforeignbond.Becausewenormalizethe

returnonthedomesticbondto1,Rb,tisalsothespreadbetweenbothcountries,

andweshallrefertoitinthiswayinwhatfollows. Wesetthereturnonthe

foreignriskyassettodependontheriskfreerateoftheforeigncountry,plusa
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premium:1+Rb,t=(1+δ)(1+Rbf)+b,t,whereδisthepremium,Rbfisthe

risk-freerateabroad,andb,tisawhitenoisecomponentthatcapturesrisk.As

withF,wekeepδandRbconstantforsimplicity,inordertofocusonendogenous

pricemovementsonly.

3.2.2.2 Modeling

Weconsideracontinuumofcarrytraderswhowishtoholdvaryingamount q∗

offoreignbonds,dependingontheirriskaversion,wherewesimplysetthisdesired

holdingsq∗tobeapositivelinearfunctionoftheinterestratedifferential.Since

thisdifferentialwillremainconstantthedesiredquantityforeachtraderwillbe

constantalso.Carrytradingdemandshockswillthusnotcomecomefromchanges

indesiredquantities,butfromtheevolutionofthefundingconstraint.

Ofcoursearicherformwouldallowthecarrytradertohavechangingoptimal

quantities,byallowingtheirbeliefsaboutfutureexchangeratemovements,their

expectationsaboutthefutureinterestratedifferential,ortheirriskaversionto

vary. Thiswouldnotablybeinlinewiththeempiricalobservationthatfactors

suchastheVIXortheUSinterestrateexpectationsplayahugepartinthe

exchangeratesofhighinterestcountries.Nevertheless,themethodofthestudy

istoshowhowendogenouscrashesoccurthroughtheinteractionsofourthree

investorseveninanotherwiseperfectlystableset-up,whichiswhyweruleout

shocksintocarrydemand. Notethoughthatsuchshockswouldlikelyaddto

boththeprobabilityandthemagnitudeofcurrencycrashes,astheywouldinvolve

largeupanddownswingsintheexchangerates,wheredownmovementsmaybe

exaggeratedbymargincalls.

ThemodelingoftheVaRconstraintfollowscloselyShin(2010).
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3.2.2.3Fundingconstraint

Carrytradersaresubjecttoavalue-at-risk(VaR)constraint,aclassicriskman-

agementtool4whichwillbeourvehicleformodelingtheconstraint.Thevalue-

at-riskisthecapitallossassociatedwithagivenrealizationoftheportfolioreturn,

thatmayoccurwithprobabilityα.Itisusedbyinvestorstokeepenoughcapital

tofacesuchacapitalloss,andthuskeeptheirprobabilityoffailuretoα.

Werelegatetoappendix3.2thestepbystepderivationoftheVaR,whosefinal

formisgivenby:

Stptq
°
t=L.et (3.5)

whereStptq
°
tisthemaximumholdingoftheforeignassetallowedbythecurrent

equitylevelet,wheremaximumholdingisexpressedintheHomecurrency.Lis

aconstantwhichmaybeseenasanindicatorofmaximumallowedleverage,since

itrepresentsalowerboundfortheproportionofforeigninvestmentfinancedby

equity.

Thisexpressionimpliesthatthepositionstakenbycarrytraders,expressedin

thelocalcurrency,areapositivelinearfunctionoftheircapital.Anycapitalgain

madeatperiodtwillthenloosentheVaRconstraintandthusallowforalarger

positionatperiodt+1,whichwillthengenerateprocyclicalityinthemodel5.If

theregulatoryconstraintbindsfortheinvestor,i.e.ifq°t<q
∗,hisholdingofthe

foreignassetwillsimplyreflecttheevolutionofthemaximumholdingsofFCU

4.AdrianandShin(2010)provideevidenceonthewidespreaduseofVaRacrossmarkets.
ThisusemayinfactbeparticularlyimportantintheFXmarket,inwhichbanksandnear-bank
institutionsareprominent(seeforinstanceGalatiandMelvin,2004)
5.NotethatfurtherprocyclicalitymayariseifweallowedLitselftovary,indicatingthanthe

capitalrequirementsareprocyclical(AdrianandShin,2013).Howeverforconcisenesswekeep
onlyoneengineofprocyclicality
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allowed,whichpluggingequation(3.4)into(3.5)maybeexpressedas:

q°t=
1+LRc,t−1
1+Rc,t−1

q°t−1 (3.6)

whereRc,t−1=(1+Rb,t−1)(1+Rs,t−1)−1isthetotalreturnonthecarry

position.Therelativeincreaseintheholdingsoftheforeignbondthusdepends

onthereturnontheportfolioatthepreviousperiod. NotetheroleofLhere:

ahighleveragemagnifiesthegainsorthelosses,andthustranslateintolarger

fluctuationsinbondholdingsfromoneperiodtotheother.

3.2.2.4 Demand

Consideringtheforeignbondisissuedinitsowncurrency,thenetdemandfor

theFCUbycarrytraderswillbegivenby qC,t=pt+1(qt+1−qt),i.e.thenet

demandforfreshforeignbondstimesthepriceofthosenewlypurchasedbonds.

Withaconstantexpectedreturnandvariance,thepriceoftheforeignbondwill

dependonlyonthedistancetomaturityofthebond. Accountingforchanging

bondpricescloudsthemodelwithoutaddinganewdynamic,thusweassumefor

simplicitythatcarrytraderwillbuyandsellbondsoffairlystablematurities.The

priceofthebondssoldandboughtateachperiodisthenassumedtoberoughly

constant: qC,t−1=p̄(qt−qt−1).

ThenetdemandofFCUbycarrytradersisthengivenby:

- qC,t−1=p̄(q
°
t−q

°
t−1)=p̄(

(C−1)Rc,t−1
1+Rc,t−1

),iftheinvestorisconstrainedatboth

periods.

- qC,t−1=p̄(q
*
t−q

∗
t−1)=0,iftheinvestorisunconstrainedatbothperiods.

- qC,t−1=p̄(q
°
t−q

*
t−1)or qC,t=p̄(q

∗
t−q

°
t−1)iftheconstraintstopsorstarts
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bindingbetweent-1andt.

Summary:Whenthecarrytraderisconstrained,hewilldemandmoreofthe

FCUattimetiftheFCUhasappreciatedbetweent-1andt.

3.2.3Chartistsandfundamentalists

3.2.3.1Basics

Forsimplicityweignoreinterestpaymentsonthepositionsofchartistsand

fundamentalists,sothattheyonlybenefitfromthefutureevolutionoftheex-

changerateSt. Thisassumptionisdesignedtokeepaclearseparationbetween

agents:allowingchartiststoaccountforinterestratedifferentialwouldleadthem

toactpartlyascarrytraders.Bothagentsareunconstrained,sothattheirdesired

holdingswillalwaysequaltheactualones,i.e.q∗t=qt.

Theevolutionofthewealthoftheinvestorinhisowncurrencyisgivenby

Wt=qt+qtSt,andtheirexpectedchangeinwealthathorizont+Tis:

E(Wt+T−Wt)=q
∗
tE(St+T−St)

Contrarytocarrytraderschartistsandfundamentalistsareunconstrained,thus

wedrawtheirdemandsfromaregularunconstrainedoptimization.Usingaclassic

mean-varianceutilityfunctionyieldsthesolution:

q∗t=τ
E(ST)

Var(ST)
(3.7)

whereE(St)=E(St+T−St)istheexpectedchangeinexchangeratebetween

tandt+T,andVar(ST)theestimatedvarianceofERchangeduringtheperiod.
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Bothchartistsandfundamentalistsfaceasimilaroptimizationproblem,butwill

differintheirinvestmenthorizons.Chartistsfocusontheshort-runexchangerate

dynamics,whicharedrivenmorebythe(procyclical)demandsofcarrytraders.

Fundamentalistsontheotherhandwillhavealongerhorizon,andwillexploitthe

longtermtendencyforERtoreturntoitsfundamentalvalue.

Formallysincetherateofconvergencetowardsfundamentalsλissmall,the

short-rundynamicsoftheexchangeratemaybeapproximatedby:E(St+1)

E(b Qfm,t−1) f+(E(St−1)).Ontheotherhandoverasufficientlylonghorizon

T,E(ST−St)=F−St,sothatpricemovementfromorderflowcanbeignored.

Boththeshort-termprocyclicalityandthelong-runconvergencetoFareverified

inequilibrium

3.2.3.2 Modeling

Beforegoingfurtheritisimportanttoclarifyourapproachwithrespecttothe

modelingofbothagents.

Thekeypointisthatwetakeadescriptiveapproach,asopposedtoanormative

one.Theinvestmentruleswespecifyforchartistsandfundamentalistscorrespond

toa(simplifiedversionofthe)behaviorsthatareknowntoexistonthemarkets,

asdocumentedbymanymarketsurveyssuchasPojarlievandLevich(2010).This

approachnecessarilyimpliesadeparturefromarationalexpectationmodel,as

naiveinvestmentstrategiessuchaschartismintheoryshouldnotbeprofitablein

suchaset-up.Indeedamarketinwhichallagentsknowtheinvestmentruleofthe

others,noinvestorshouldhavetousepastpricestomakeinference.Besides,as

notedbyDeGrauweetal.(1993)inaperfectlyrationalequilibriumthereshould

benoexchangeratedisconnectfromitsfundamentalvalue.
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Thisstancebringsthisstudyclosetothechartistandfundamentalist(C&F)

literature,andourdemandfunctionsresemblethoseofthisliterature. Another

importantsimilarityisthatwecontrolthatournaiverulesarerealisticinanex-

postmanner,bycheckingthattheyareprofitableinequilibrium,similartoDe

GrauweandGrimaldi(2006).

YetthecomparisonwiththeC&Fliteraturedoesnotgofurther.IntheC&F

literatureasingleagentswitchesbetweenafundamentalistruleandachartistone,

whichinduceschaoticmovementintheER.Chaoticsystemareverysensitiveto

initialconditionsandwillgenerateverydifferentdynamicsforminorchangesin

them.Inthischapterwewanttodiscusstheinteractionsbetweenthreetypes

oftraders,whichismoreeasilydonewithinanon-chaoticsystemandkeepinga

representativeagentset-up.Thuswemodelchartists,fundamentalists,andcarry

tradersasseparateagents.Thestabilityofthepricedynamicsthatresultsfrom

themodelisdiscussedinsection3.2.4.

3.2.3.3 Momentumtraders

Chartistsbydefinitionusepastmovementstoforecastfutureones. Wecap-

turethisbyallowingthemtobasetheirestimationsofthemomentsE(St)and

Var(St)onrecentpricedynamics,aswellasunconditionalmomentswhichin

equilibriumarerespectively0andσ2s.Mathematicallywespecifythefollowing

generalform:

Em(St)=(1−α)×0+α(
1
x

t−1
t−x Si)=αMA(S)x

Varm(St)=(1−α)σ
2
s+αVar(S)x

whereαistheweightchartistsputonrecentobservationscomparedtolong-

termunconditionalmoments.MA(S)x=
1
x

t−1
t−x SiandVar(S)xarethe
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twoempiricalmomentsfor Sobservedovertheselastxperiods.Chartiststhus

useamovingaveragefortheirestimations,atoolwidelyusedinpractice(Luiand

Mole1998).Pluggingtheseestimationsinto(3.7)yields:

qm,t=τ
αMA(S)x

(1−α)σ2s+αVar(S)x
(3.8)

wherethemsubscriptstandsformomentumtrading.

Theskepticalreadermayseethisinvestmentruleasanover-simplificationofthe

behaviorofchartists.Itistruethatinpracticechartistsuseseveralmovingaver-

agesandwithinmuchmorecomplextradingstrategies,notablybasedonmoving

averagecrossovers6.However,thisformhastwoadvantagesforourpurposes.

Firsttherearemanydifferentcomplexchartistsrulesandtheinvestmentpattern

ofchartistsasawholeisunknown.Modelingamorecomplexstrategytheninvolves

choosingapreciserule,whichwouldincreasetheriskofanad-hocmodel. A

simplefeedbackstrategyismoregeneralandthuslesssubjective. What’smore,

ifchartistsareveryheterogeneousitisnotclearthatthissimpleauto-regressive

formisworsedescriptionoftheinvestmentoftheentirechartistsectorthana

singlemorecomplexrule.

Secondandmostimportantly,itisnotapparentthatthisverynaiveruleun-

derminestheresultspresented. Onthecontrary,thefactthatsimplerulesgive

birthtocomplexdynamicsmaybeseenasencouraging. Morecomplexstrate-

giesbasedforinstance,onmovingaveragecrossovers,wouldgenerateevenlarger

non-linearitiesassuchrulesimplymassivesellingpastcertainendogenouslyde-

6.Acrossoveroccurswhenamovingaveragedefinedoveragiventimespanxcrossesanother
onewithatimespany.Forinstancewhenthe10daysmovingaveragegetsabovethe50days
one.
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terminedthresholds.Thisshouldincreaseboththepossibilityandthemagnitude

ofendogenouscrashes.DeGrauweandGrimaldi(2006)makeasimilarpoint.

Summary:ifacurrencyhasrisen/fallenintherecentperiods,chartistswillbe

long/shortqtunitsofit,andthemorestabletherise/fallthelargesttheposition

willbe.

3.2.3.4Fundamentalists

Fundamentalistsexpectdeviationsfromfundamentalstodieout,sothattheir

expectedreturnoverasufficientlylonghorizonTisgivenbyF−St.

Asweshallsee,thisbeliefthatStwillconvergetoFwillholdinequilibrium

sothatthestrategycanbeseenasperfectlysafeoverasufficientlylonghorizon.

TheriskforfundamentalistslieswiththefactthatthisconvergencetoFmay

takealongtimetooccur,andmayinvolveimportantlossesintheshortrun,due

totheorderflowcomponentofexchangeratedynamicswhichmaymoveagainst

fundamentals.

Weallowfundamentaliststoaccountforthisriskbybasingtheirdecisionsnot

onlyontheexpectedreturnF−Sttheyexpectinafundamentals-drivenmarket,

butalsoontheirassessmentofthelikelihoodthatweareinsuchamarket.This

specificationisinlinewithsurveystudiessuchasDickandMenkhoff(2013),who

showthatFXtradersconsiderofthecurrentmarketdynamicsbeforeswitching

toafundamentalistrule.

MathematicallywesetEf(ST)=Pr(regime=funda)t×(F−St).Inshort,

thisformimpliesthatfundamentaliststrytoassesswhetherpricesarecurrently

drivenbyfundamentalsorbyorderflow:theywillnotblindlytrytoenforce

fundamentalsifthemarketappearstobemovingagainstthem.
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TheprobabilityofbeinginafundamentalsdrivenmarketPr(regime=funda)t

isestimatedthroughthelikelihoodthatthecurrentpricedynamicsmoveinthe

samedirectionasfundamentals,whichweestimateusinganormaldistribution

whosefirsttwomomentsaretheempiricalmeanandvarianceofthedailyexchange

ratemovementoverthelastxperiods.

Ofcoursethismeasureisnotperfect,notablyduetothefactthattruedistri-

butionofthedailyexchangeratewillnotbenormal. Howeverinpracticeitis

accurateenoughtoserveitspurpose,whichistoallowfundamentaliststomake

profitsinequilibrium,whilecapturingthestylizedfactthatcurrentpricedynamics

haveanimpactonthesizeoffundamentalisttrading.Usingalternativedistribu-

tionchangeslittlethedynamicspresentedbelow7.

Theoptimalquantityisthen:

q∗f,t=τ
Φ(sign(F−St)=sign(MA(S)x))×(F−St)

σ2s
(3.9)

wherewehaveimplicitlysetVarF(S)=σs,i.e.fundamentalistsusethe

unconditionalvariance.

Summary:Fundamentalistswillgolong/shortifthecurrencyshouldappreci-

ate/depreciateaccordingtofundamentals,andthemagnitudeoftheirpositionwill

dependonhowwhetherpricesarecurrentlymovingtowardsfundamentals.

3.2.4Stabilityanalysis

Wehavespecifiedamodelinwhichthedemandfunctionsfortradersandcon-

sumersgenerateacomplexrelationshipbetweenexchangeratemovementsand

7.Simulationsusingalternativedistributionsareavailableonrequest
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theirlaggedvalues. Theimpactoflaggedvaluerunsthroughseveralchannels:

pastmovementhaveimplicationsonthefutureadjustmenttowardsfundamentals,

theyimpactthecapitalofthecarrytrader,changetheassessmentoffuturereturns

formomentumtraders,andtheassessmentbyfundamentaliststhatweareina

fundamentals-drivenregime.Thisrecurrencewillproducethedynamicsdescribed

inthefollowingsection.

Beforegoingmovingontothesimulations,oneissuethatdeservesinvestigation

isthestabilityofasystemwithsuchnumerousandnon-linearrecurrences. To

investigatesoweexaminewhethertheexchangerateStprocessconvergesasymp-

toticallytowardsaconstantexpectedvalueandvariance.

3.2.4.1Stationarityofthefirstmoment

Stabilityinthefirstmomentimplieslimt→∞E(St)=cstwhichmustholdifthe

averageexchangeratechangetendstozero,i.e.iflimt→∞
t

0
St

t
=0. Weshow

thisconditionmustholdusingareductioadabsurdum,startingwiththeopposite

postulatelimt→∞
t

0
St

t
>0,i.e.theexpectedexchangerateiseverincreasing.

Letusfirstconsidertheimpactofthisconditiononthedemandbychartists.

Therearetwopossibilitiesforlimt→∞
t

0
St

t
>0tohold. Eithertheexpected

changeinexchangeratetendstowardsapositiveconstanti.e.limt→∞
t

0
St

t
=cst

wherecst>0,orthischangeiseverincreasinglimt→∞
t

0
St

t
=+∞.Thefirst

caseimplieslimt→∞ qm,t =τ
αMA( S)x

(1−α)σ2
s
+αVar( S)x

)= αMA(cst)x
(1−α)σ2

s
+αcst

=cst,which

yieldslimt→∞ qm,t=0andlimt→∞
t

0
qm,t

t
=0i.e.theaveragedemandshock

bychartistsateachperiodtendsto0.Thesecondcasealsoimplieslimt→∞qm,t=

0becausewhenthemovementsintheexchangerateareincreasinglylarge,the

varianceof Stincreasesmorerapidlythan Stitself.
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Thusitappearsthatlimt→∞
t

0
St

t
>0implieslimt→∞

t

0
qm,t

t
=0.Inwords

therearenoconditionunderwhichchartistswillcarryonbuyingFCUadnauseam.

Eitherthetrendofappreciationisstableinwhichcasechartistsshouldhavestable

holdings,orthesequence Stisexplosiveinwhichcasechartistsareeventually

turnedoffbytheinfinitevariancethatshouldalsoexistinthiscase.

Letusnowconsiderthedemandbycarrytraders. Animmediateobservation

isthatregardlessoftheevolutionofSt,thequantityheldbycarrytradersqc,t

mustliesomewherebetweentheirdesiredholdingsq∗and0,wheretheformer

correspondstoasituationinwhichthecarrytraderhasinfinitecapital,andthe

lattertoasituationinwhichhehasnone.Sinceqc,tisbounded,thesumofall

changesinholdingsmustalsobebounded,sothatlimt→∞
t

0
qc,t

t
=0.

Nowletusconsidertheimpactofaneverincreasingexchangerateonthede-

mandbyfundamentalistsandthe“real”demandbyconsumers.limt→∞
t

0
St

t
=

+∞ yieldslimt→∞ St=+∞ whichinturnimpliesthatlimt→∞ F−St=−∞.

Sincethedemandsbyconsumersandfundamentalistsareapositivefunctionof

F−St,wemustthenhavelimt→∞
t

0
qf,t
t

≤0andlimt→∞
t

0
Qr,t

t
≤0.Inother

wordswhentheexchangerateinincreasingonaverage,thepositionsofconsumers

andfundamentalistsarenegativeonaverage.

Equation(3.2)maybere-expressedasfollows:

limt→∞
t

0
St

t
=b[limt→∞

t

0
Qr,−1

t−1
+nclimt→∞

t

0
Qc,t−1

t−1

+nmlimt→∞
t

0
qm,t−1

t−1
+nflimt→∞

t

0
qf,t−1
t−1

]+limt→∞
t

0 n,t

t−1

wherelimt→∞
t

0 n,t

t−1
mustbezerosince n,t hasasymmetricdistribution.

Sincethefirstfourlimitsarealsobeloworequaltozero,itfollowsfromthe

expressionabovethatlimt→∞
t

0
St

t
0,whichviolatesourinitialassumption

limt→∞
t

0
St

t
>0.Thusthereexistsnoparametersfortheexchangerateisever
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increasing.ThereexistsathresholdvalueforSpastwhichalldemandsareeither

negativeorconstant.Theexchangeratemustthenliesomewherebelowthisvalue.

AsimilarproofholdsforaneverdecreasingER.Carrytradersremainbounded,

whilethesamelogicworksintheoppositedirectionforotherthreesourcesof

demand.Thuswemaynothavelimt→∞
t

0
St

t
<0,anydropintheexchange

ratebelow/aboveFisboundtobecompensatedbyarise/dropintheexchange

rateatsubsequentperiods.ThusSthasalowerandanupperbound,sothatwe

musthavelimt→∞ E(St)=cst,Stmustbestationaryinmean.

3.2.4.2Stationarityinthesecondmoment

Letusnowmovetothestudyofthestationarityofthevariance. Weusea

similarmethodstartingfromthehypothesisthatthevarianceisnon-stationary,

i.e.limt→∞ var(St)=∞.Letusconsiderthisistrue.Animmediateobservation

isthatinsuchacasewehavelimt→∞qm,t=τ
αMA( S)x

(1−α)σ2
s
+αVar( S)x

=0,thedemand

bychartistsmustconvergetozero,sothatlimt→∞ var(qm,t)=0.Similarlythe

demandshocksbycarrytradersarebounded,whichimplieslimt→∞var(qc,t)=cst

Sincevar(St)=E(S
2
t)−E(St)

2,andE(ST)
2mustbeaconstantastheprocess

isstationaryinitsfirstmoment,wehavelimt→∞ var(St)=limt→∞ E(S
2
T)=∞

whichthenimpliesthatlimt→∞St=±∞.Re-expressingtherealdemandforFCU

as Qr,t=λ(
F
St
−1),itfollowsthatlimt→∞ Qr,t=0,sothattheasymptotic

infinitevariancelimt→∞ var(St)=∞ maynotcomefrom Qr,teither.

Wemayrewriteequation(3.2)asfollows:

St=bnf qf,t−1+ c,t+ r,t+ m,t+ n,t
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where c,t,r,t,and m,t arethedemandshocksfromcarrytraders,consumers

andchartists.Forourpurposestheseshocksmaybeconsideredsimultaneously

becauseweonlyrequirethattheyhavefinitevariance.Pluggingintheexpression

for qf,t−1yields

St=At(F−St−1)−Bt St−1+ t

whereAt=bnfτ
Φt−Φt−1
σ2
s
andBt=bnfτ

Φt
σ2
s
,withΦttheprobabilityevaluatedby

fundamentaliststhatfundamentalsdominatethemarket.t= c,t+ r,t+ m,t+ n,t

isthetotalshockatperiodtwithvar(T,t)=cst..Thestochasticprocessthus

hastwocomponentsbesidestheshock,amean-reversiononeAt(F−St−1)anda

recurrenceoneBt St−1.

Afullinvestigationoftheconditionsforexplosivenessofthissequencewould

implystudyinghowbothcomponentsinteract,whichisoutsidethescopeofthis

study. Herewesimplynotethatasufficientconditionfortheconvergenceofa

simplerecurrencesystem St=Bt St−1+ tisthat|Bt|<1,∀t,whileasufficient

conditionforconvergenceofameanrevertingprocess St=At(F−St−1)+tis

|At|<1,∀t.

AssigningtoAtandBttheirmaximumvaluebysettingthetime-varyingnu-

meratortoitsmaximumvalueof1gives|
bnfτ

σ2
s
|<1forbothconditions.Therefore

|
bnfτ

σ2
s
|<1issufficienttoensurethatthesystemconvergesintermsoffirstand

secondmoments.Thisconditionhasalimitedeconomicmeaning.Itonlyrepre-

sentsaboundfortheweightoffundamentalists,whicharetheonlyagentwhich

canintroducestochasticdivergenceinthesystem.

Inwhatfollowswefocusontheparametersetforwhichthisconditionissat-
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isfiedbecausetheeconomicstorybehindnon-stationarycasesislimitedinlength

andinterest. Notethattheexchangeratewithonlyonesteady-stateisamajor

technicaldifferencebetweenthisstudyandtheC&Fliterature,whichgenerates

chaoticdynamicswhicharesensitivetoinitialconditions.

3.3Baselinedynamics

3.3.1Calibration

3.3.1.1Exogenousparameters

Wespecify10carrytraders,withasimilarcapitalatthebeginningoftheperiod,

butwithvaryingdesiredholdings,i.e.q∗∈[1,10].Thisfairlylowvalueof10was

chosenbecausechangingthenumberofcarrytradershasatrivialimpactonthe

resultsaslongasthetotalcapitalbycarrytradersstaysthesame,onlymore

tradermakesthesimulationslengthier.Sincecarrytradershavedifferentdesired

holdings,ateachperiodsomewillbeconstrained,i.e.havedesiredholdingsq∗

abovetheirmaximumallowedholdingsq◦,whileotherswillnot.Theproportion

ofconstrainedcarrytradersateachperiodtisnotedϕt.

Theinitialexchangerateisnormalizedto1,wheretheERisexpressedinterms

ofthenumberofunitsofdomesticcurrencythatoneunitofFCUbuys.Ourtime

unitisaday. Wechosetofocusonthedynamicsthatemergefromariseofthe

interestspreadfrom4%to6%annually.Adifferentialof6%isinlinewithsome

oftheknownhistoricalcarrycouplessuchasYEN/NZD.Thepreviousvalueof

4%waschosenbecauseitimpliesariseinthedesiredquantitiesbycarrytraders

of50%,whichseemsconsistentwithsomeimportanthistoricalepisodesofcapital
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flow.Thedailyrateimpliedbyanannual6%isRB≈0,00019.

Withrespecttofundamentalistsandchartists,wenormalizethecoefficientof

absoluteriskaversionτto1,andallowthevariancesσ2sandσ
2
Rstobedefined

bytheirempiricalcounterpartsinthesimulation8. Weinitiallysetx,thenumber

ofpastperiodstheyusetoforgetheirestimation,to30.Thusinvestorsbasetheir

estimationsontheirobservationsoverthelastmonth.Howeverwelaterpresent

theresultswithaalternativevaluesforxtostudyhowmoreactive(passive)

investorsimpacttheresults.

Weturnto λandα,whichrepresentrespectivelythespeedofconvergence

towardsfundamentalsandtheweightoftherecentobservationsintheestimations

bychartists,comparedtounconditionalmoments. Asmentionedexchangerate

convergeonlyinthelongrun,sothatalowvalueforλiswarranted. Weset

λ=0.0005. Withrespecttoα,thenatureofchartistsistoactuponrecently

observeddynamics,wethussettleforahighvalueα=0.9.9

Withrespecttothepriceimpactofanadditionalunitofdemand b,weusethe

studyonorderflowbyLyons(1995),whofindsthataFXdealerwouldraisehis

quotesby0.01Deutschemark(DEM)forincomingordersworth$1billion. We

thussetb=0.01.

8.Thedefinitionoftheseparameterssolvesafixedpointproblem,becausethevalueswe
choseforσ2sandσ

2
Rs impactthedemandofinvestorsandhencetherealizedvariances.Thus

thestatement“weallowthevariancesσ2sandσ
2
Rstobedefinedbytheirempiricalcounterparts”

shouldbeunderstoodas“wepickvaluesforσ2sandσ
2
Rsthatprovideagoodapproximationto

thesolutionofthefixedpointproblem”.
9.Thereadermaywonderwhyavalueofα=1wasnotchosen.Thereasonisthatwesetthe

ERtobeconstantandequaltoFbecausetheriseininterestoccurs.α=1hastheundesirable
featureofimplyinga0varianceatthestartoftheperiod
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3.3.1.2 Maximumleverage

ThekeyparameterisL,themaximumleverageallowedintheVaRconstraint,

whichwelooselyseeasanindicatorof“howconstrained”carrycapitalis.Unfor-

tunatelythereissurprisinglylittledataoncarrytraderleverage. Wethusresort

todiscussion.

OnonehandtheFXmarketappearstobehostinghighlyleveragedinvestors.

Anecdotalevidence,suchaspressarticlesordiscussionswithtraders,pointsto

leveragebeingamajorconcernamongstpractitioners.Somedealersofferleverage

factorsofupto1:50.Academicresearchalsosuggeststhatsomeofthefeaturesof

theFXmarketcanonlybeexplainedthrough“nonnegligible”levelsofleverage

forcarrytraders(Darvas,2009).

Ontheotherhand,theFXmarketisdominatedbybankandnear-banksin-

stitution,wholikelyareveryexposedtothecapitalconstraintsfromtheBasel

agreements. AdrianandShin(2010)forinstancementionthatthe1996Market

RiskAmendmentoftheBaselcapitalaccordlimitstheregulatorycapitalis3times

the10day,99%Value-at-Riskforinvestmentbanks. Weexpectsuchaconstraint

atthebanklevelshouldextendtoitsFXtradingdesk.Evenwithoutconsidering

Basel,VaRareoftenusedinternallyforriskmanagement,anditseemsunlikely

thatamajorinstitutionalinvestorwouldallowagiventradingdesktotakeon

toomuchriskthroughleverage. Anotherlimitingfactoristhatweuseawide

definitionofcarrytradinginthischapter,whichincludesportfolioinvestorswho

buyassetsdenominatedintheforeigncurrency.Theseinvestorsarelikelytohave

aleveragefactormuchbelow1:50.

Thuswechosetopresentresultsforaleveragefactorof1to10,inorderto
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studytheimpactofLacrossallvaluesthatwebelieverepresentapossiblevalue

fortheaveragecarrytradeposition.

3.3.1.3 Model-drivenparameters

3parametersremaintobedefined:theproportionofcarrytradersinitially

constrainedϕ,andthenumberoffundamentalistsandmomentumtradersnFand

nM.

Theseparametersindirectlyindicatetheweightofeachtraderintotalturnover.

Inourset-up,ifthisweightistoolargeforagiveninvestor,thepricedynamics

becomedrivenbythistraderonly.Ifcarrytradershavetoolargeacapitalavailable

theywillkickuptheERinstantlyfollowingariseintheinterestspread.Amodel

inwhichmomentumtradersdominatewillsimplyproduceslargepricespikesand

dropsaroundF,aschartistsrallyandexitinresponsetominorpriceevents.

Finallyifweallowfundamentaliststobedominant,pricesimmediatelyconverge

towardsF,orthesystemwilldivergeasdiscussedinsection3.2.4.

Thesensitivityofthemodeltotheweighsattributedtoeachagentisanun-

fortunateconsequenceofouruseofarepresentativeagentmodel(Kirman,1992).

Whenonetraderdominates1)theintuitionthattheinteractionbetweenagents

playapartinskewnesscannotbeinvestigated2)thetwoothertraderstypically

losemoney,whichmakesthemodelunrealistic. Wethuschosetofocusonlythe

interestingcasesinwhichallagentsinteract,restrictingtheparametersettoval-

uesinwhichall3agentsmakeprofits.Inthefollowingbaselinesimulationwe

setnF =0.01,nM =0.05,andϕ=0.8,valuesforwhichthemodelproduces

representativedynamicsoftheparametersetsinwhichall3agentscoexists.

Thereadermayfindthelistofparametervaluesinappendix3.3.
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3.3.2 Deterministicdynamics

Tobetterunderstandtheendogenousdynamicsgeneratedbythemodel,we

startbypresentingthedeterministicmodel,i.e.thedynamicsthatemergeinthe

completeabsenceofexogenousshocksbesidestheinitialinterestrateriseto6%.

Formallyweset b,tand n,t,theshocksonthereturnoftheforeignbondandthe

demandbynoisetraders,tozero.

3.3.2.1Short-termdynamics

Toeasethepresentation,wechosetostartwiththestudyshort-termdynamics.

Figure3.3.1plotsthedynamicsthatemergeinthemostrevealingcaseL=4,but

thedynamicsfortheothervaluesforLwillbepresentedinthefollowingsection.

Figure3.3.1–Short-termendogenouscyclesoftheERwithC=4

Weseethattheexchangerateseemstoberisingalongalong-termtrendof

appreciation(dottedline)butfacesincreasinglylargedownwardshifts.Theim-
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portanceofthecurrencycrash,bothintermsoftotalfallandrapidity,appearsto

beanincreasingfunctionofthemagnitudeandlengthofthebuild-upphasethat

precedesit.

Thesecyclesareindicativeofthedynamicatplayinthemodel:inresponse

totheriseininterestratecarrytradersmovecapitaltowardstheforeigncountry.

Howeverthiscapitalisconstrained,sothattheERadjustsonlygradually,creating

atrendofappreciation. Momentumtradersspotthistrendandseektobenefit

fromitbyalsogoinglongonthecurrency,addingtotheappreciation.

AstheERappreciatestwocountervailingforcesstartgainingstrength. First

alargershareofcarrytradersbecomeunconstrained,secondthefundamental

meanreversioncomponentbecomeslarger. Bothinfluenceseventuallyresultin

aweakeningofthetrend,whichleadsmomentumtraderstocuttheirexposure

totheforeigncurrency,andfundamentaliststostarttakingpositionsagainstit.

Thecombinedtradingofbothleadstheexchangeratetofall,incurringlossesto

theleveragedcarrytraders.Inreaction,carrytraderswillbeforcedtoreducethe

foreignexposuretosatisfytheirfundingconstraint,causingthecrash.

Intheearlystages,bothchartistsandcarrytradershavefairlysmallpositions

intheFCU.Consequentlytheexitbychartistleadstoamoderatefall,andthis

fallislittlemagnified. Howeverasthepositionsgrowlargercarrytradersreact

withincreasingstrengthtoincreasinglyadverseshocks.

Togetthefullglimpseoftheroleofeachagentintheunfoldingofthecrash,

figure3.3.2plotstheERaroundthelastandlargestcrash,alongwiththequantities

demandbyallagents,andtheproportionofconstrainedcarrytradersinthe

economy.
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Figure3.3.2–Actionsofmarketparticipantsaroundthecrash

Thetimingappearsclearly:justbeforethecrashchartistsstartreducingtheir

exposures,whilefundamentaliststakeincreasetheirshortselling.Thesechanges

arerelativelysmoothuntilt=4.Neverthelessitisenoughtofurtherslowthetrend

down,leadingtoamoresignificantsellingatt=4,notablybyfundamentalistswho

arestartingtoforgethebeliefthat“gravity”isabouttoprevail.Thissellingleads

toanotablepricedropbetweent=4andt=5.

Thisiswhenmargincallsstartkickingin,whichcanbeseenthroughtheevo-
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lutionoftheshareofconstrainedcarrytraders.Att=5,50%ofthecarrytraders

areconstrained,i.e.haveholdingsthatarebelowtheirdesiredones.Att=5these

investorsmustliquidatepositionstocomplywiththeirconstraint,whichalong

withfurthersellingbychartistsandfundamentalistsleadstoanothersharpfall

intheERbetweent=5andt=6. Thefallwipesoutcarrycapital,sothatnew

investorsbecomeconstrainedatt=6.Aviciouscyclethenbegins,inwhichcarry

tradersareforcedtoclosedownpositions,whichleadstofurtherlosses,andsoon.

Theproportionofcarrytradershitbymargincallssteadilyrisesto80%.

Thuscrashescanoccurendogenouslywithoutafundamentaltrigger,througha

perverseinteractionbetweenactivetrendchasingstrategiesandhighlyleveraged

investors.

3.3.2.2Long-termdynamics

Wenowpresentallthecases,withalongertermperspective.Figure3.3.3plots

thedifferentdynamicsthatemergeinthe10yearsfollowingourinitialrisein

interestrate.
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Figure3.3.3–Dynamicsforvaryinglevelsoffundingconstraint

Weseethatfundingconstraintshaveadoubleimpact:onelieswiththeemer-

genceofshorterruncyclesandtheotherwiththeoveralllongtermbehaviorofthe

ER. Wediscusseachlevelseparatelytooutlinethenon-linearimpactoffunding

liquidity.

L=1.TheERinitiallykicksupbeforedepreciating,butthisinitialriseisvery

modest.Thereasonisthatinthiscasecapitalisveryconstrained,sothat1)carry

tradersarelimitedintheirabilitytomovecapitalimmediatelyand2)intheir

capacitytofinancenewpositions.Thuscarrytradersareimmediatelydominated

byfundamentalsandfundamentalists,noupwardtrendisimplemented.

L=2.Ascarrycapitalislessconstrained,carrytraderstakeincreasinglylarge

positions,drivingtheERupwards.Neverthelessthistrendofappreciationisvery
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gentle:carrytradersremainstronglyconstrainedsothattheydonothavethe

capacitytomovecapitalasquicklyastheywishto. Thetrendcarriesonin

similarfashionuntilaroundt=10000,notplottedhere,atwhichpointtheER

startsconvergingback10toitsfundamentalvalueofF=1.

L=3alsoyieldsanupwardtrend, morepronouncedbecausemoreleveraged

carrytradersareabletodemandmoreFCUmorequickly.Thepatternofshorter-

termcyclesofappreciation/depreciationstartemerging.Thereasonisthatthe

morevigorousappreciationhasleadchartiststotakelargerlongpositions,which

theythenexit.Carrytradersarealsogettingmoreleveragedsothatpricedrops

starttranslatingintolargerwealtheffects.Theskewnessof Stturnsnegative,

at-2.16. Howeverinthiscasetheshort-termERdropsarenotlargeenoughto

hamperthelong-termappreciationtrend.

L=4givestheclearest“upthestairsdowntheelevator”pattern,discussedin

theprevioussection. Mostimportantlythecurrencycrashesarenowsufficiently

largetopreventcarrytradersfromimplementingatruesustainabletrendofap-

preciation.Inthiswayleveragehasacountercounter-intuitiveeffect:eventhough

capitalmovesmorefreely,itdoesnotleadtoaquickerpriceadjustment.Skewness

fallsto-5.07.

L=5producessimilardynamics,onlywithevensteeperrisesinthepriceofthe

currencyascapitalflowsmoreeasily.Skewnessinthiscaseis-4.19.

FinallyinL=6thefundingconstrainthasenoughslacktoallowcarrytradersto

movetotheirdesiredholdingsnearlyinstantly,leadingtoalargeandimmediate

10.Ofcoursethislongperiodofappreciationresultsfromthefactthatwekeepallparameters
constantandsetallshocksto0here.Inpracticeoversuchalongperiodthereshouldbea
changeinfundamentalsorintheinterestratewhichwouldchangethedynamics,beforetheER
hasadjusted.
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appreciation. Afterthis,fundamentalsprevailandaslowdepreciationsetsin.

Currencycrashesdisappearbecausecarrytradersareclosetounconstrained,so

thattheyhaveenoughcapitaltodealwithmoderatedropsintheexchangerate.

Thiscaseproducesthedynamicsthatareexpectedinaperfectlyefficientmarket.

Indeedtwoconditionsforefficiencycoexist:1)thedemandforanassetimmedi-

atelyrisesinresponsetoanincreaseinitsreturn2)thesubsequentevolutionof

theexchangeratereflectsfundamentals.

LevelsL=7toL=10,notplotted,yieldsdynamicsthatareverysimilartoL=6

,asexpectedsincecapitalisevenlessconstrainedforsuchlevels.

Thusfundingconstraintshaveanon-linearimpactonthelikelihoodofacurrency

crash. Lowlevelsofallowedleverageconstituteaguaranteeagainstcrashesas

theylimitthewealtheffectsfacedbyagents,buttheselevelshavetheundesirable

featureofrestrainingtheabilityofcapitaltomovequickly,whichmayhavecostly

impactsontherealeconomy.Highlevelsofleveragearethefirstbestallocation

intheory,astheyensurebothliquidmarketsandastrongerresiliencetoshocks.

Finallyintermediatelevelsofleveragemaybequitedangerousfrom“tail-risk”

perspective,becausetheyallowtraderstotakelargepositionswhileexposingthem

stronglytomargincalls.

3.3.3Stochasticdynamicsandtheempiricalperformanceof

themodel

Wetakealookattheempiricalperformanceofthemodel.Todosowerelease

theconstraintthatb,tandn,t,arezeroinordertostudyitsstochasticproperties.

Bothshocksaremodeledasiddnormallydistributedshocks,ofvariancesof1.85×
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10−5and2.5×10−5respectively.Thesevalueswerechosenbecausetheyinduce

alevelofvolatilityconsistentwiththedata,neverthelessthesensibilityofthis

performancetothechoiceofthevariancesisverymoderate. WeemployaMonte

Carlomethod,simulatingthemodelasspecifiedabove10000timestodrawthe

asymptoticpropertiesof St.

Table1comparesthemodel-drivenmomentsofthedailyexchangeratemove-

menttothoseof2wellknowncarry-tradecurrencycouples,AUD/JPYandNZD/JPY.

Themeanisnotincludedasitiszerobyconstructioninourset-up,sinceinthe

longtermtheevolutionoftheexchangerateisgivenbythefundamentalvalueF

whichissetconstantandequaltoS0,theexchangerateatthestartoftheperiod.

Outofthesamedesiretocontrolforfundamentals,wereportthemomentsfor

AUD/JPYandNZD/JPYovertheperiod2000-2007period. Duringthisperiod

interestratedifferentialAustralia/NewZealandandJapanstaidfairlyconstant

around6%11,andnomajorexogenousshockhittheFXmarket.

Series variance Skewness Kurtosis

L=4 6.3×10−5 -0.32 6.06

L=4.5 7.4×10−5 -0.84 12.32

AUD/JPY 5.7×10−5 -0.81 10.92

NZD/JPY 7.5×10−5 -0.97 12.33

Oursimulationsmatchthe2carrycouplesintermsofdailyvariance,skewness

andkurtosis.L=4,themostinterestingcaseintheprevioussection,yieldses-

timateswhicharequalitativelysatisfying,thoughabittoosmallinmagnitude.

Specifyingaslightlylessbindingfundingconstraint,L=4.5,givesthemodelagood

11.5.38%differentialwithAustraliaand6.53%withNewZealand,5.96%averagedoverboth
countries.AnnualizedshortratesobtainedfromtheOECD.
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fit.Theleft-handsidediagraminfigure3.3.4plotsarepresentativecase.Several

phasesofbuild-upemerge,withthreeepisodesapparentlymaterializingintocur-

rencycrashes.Forcomparisonpurposeswealsoprovideintheright-handsidea

plotofthedetrendedAUD/JPYexchangerate,whichconfirmsthatcomparable

dynamicsemerge.

Figure3.3.4–Simulationofthestochastic modelwithC=4,comparedtode-
trendedERAUD/YEN

Weconcludethatamodelwhichendogenouslygeneratesboomsandbustsdoes

agoodjobatmatchingexchangeratedailydata.Howevertwopointsshouldbe

noted:

-Firstfundingissuesmaynotbethesoleexplanationfor“upthestairsdown

theelevator”pattern.Otherfactorsmayaddtothisdynamic,notablypro-cyclical

riskaversion.Indeedcarrytradersmayfeelgrowinglyconfidentaboutinvesting
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abroadasmoreandmoreinvestordoitandthebenefitsaccumulate,butthis

confidencequicklyevaporatesasthefirstlossesappear.

-Second,attheweeklyormonthlyfrequency,thesimulationssometimesyield

deviationsfromfundamentalswhichappearslightlytoolargeandrapid.Thisis

likelyduetoourmodelingoftheVaRconstraintandchartists,whichentailsa

directpositiveinteractionbetweencapitalgainsatt-1andquantitiesdemanded

attduringtheboomphase.Inrealitysomeautocorrelationmustbepresentin

theexchangerate,otherwisemomentumtradingwouldnotbeprofitable,butthe

relationshipbetweenexchangeratechangesandtheirlaggedvaluesislikelytobe

muchmorecomplexandhardtogatherinasinglemodel.

3.4 Diggingdeeper

3.4.1Profits

Wefirstconsiderprofitsfromarobustnesscheckperspective,aslosseswould

implythatwehavespecifiedunrealisticinvestmentrulesforourtraders. Weplot

inappendix3.4theaccumulatedprofitsforeachtradingsectorandallvaluesof

L.Allinvestmentrulesmakemoneyoverthelong-run,andinthevastmajorityof

thecasesittakeslittletimeforthemtobecomeprofitable.

ZoominginonourpreferredcaseL=4,wefindthattheprofitsgeneratedby

ourmodelcontaininterestingpatterns. Wediscusshowthesefitwithempirical

findingsoftheexistingliteratureonprofitsintheFXmarket.Unfortunatelythere

isverylittleresearchontheperformanceoffundamentalists,likelyduetothefact

thatdesigningafundamentaliststrategyrequiresanestimationofthefundamental
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exchangerateF,whichwillalwaysbesubjecttocontroversy. Wethuschosenot

toincludetheminthediscussion. Figure3.4.1presentsthetotalaccumulated

profitsforbothsectors.Asanindicatorofscaletheseaccumulatedearningsmay

becomparedtothedesiredholdingsofthecarrytradesq∗∈[1,10].

Figure3.4.1–C=4,Carryandmomentumprofits

Thelevelofprofitspersecannotdirectlybecompared,becauseinthemodel

thewealthinvestedtogettheseprofitsvarieshugelyacrossagentsandperiods.

Wecanonlysaythatbothstrategiesareprofitable.Amoreinterestingdiscussion

lieswiththevarianceoftheseprofitsandtheirresiliencetoshocks.Thisvariance
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ismuchhigherforcarrytrading.Inparticularthetotalprofitofcarrytraders

appearstronglynegativelyskewed,reflectingthefactthata)thefactthatcarry

traderarealwayslongthenegativelyskewedhighyieldcurrencyb)dropsinthe

exchangeleadtomorethanproportionaldropsinwealthbecausecarrytradersare

leveraged.

Thisnegativeskewnesshasdeepimplicationsfortheissueoftheexcessreturnsof

carrytrading.Indeedifcarrytradersfaceanimportantcrashrisk,thereturnthey

earnmaynolongerbeseenasabnormal,butratheraslegitimatecompensation.

Alargeliteraturehasinvestigatedwhethercrashriskissufficienttoexplaincarry

returns,withmixedresult(Burnsideetal.,2008). HoweverasnotedbyDarvas

(2009),thesepapersusuallystudiedanunleveragedcarrytradestrategy,acrucial

omissionsinceleveragehasamultiplicativeeffectontailrisk.Accountingforit,

Darvas(2009)findsthatskewnessappearssufficienttojustifycarryreturn.Our

modelthussupportsthisview.

Theprofitsfromchartismontheotherhandhaveamuchlowervariance,and

noapparentcrashrisk.Thisfeatureappearsinlinewiththeliteratureontheper-

formanceofmomentumtradingintheFXmarket,bothintermsofperformance

andstrongresiliencytocrashes(e.gBurnsideetal.,2008).Inourset-upthis

comesfromthefactthatchartistsmovefromlongtoshortpositionsbeforethe

lion’sshareoftheadjustmentoccurs.Thuschartismandcarrytradingareneg-

ativelycorrelatedduringcrashes,whichisconsistentwiththeempiricalfindings

ofMenkhoffetal.(2012).Inthiswayourset-upmayhelpprovidinganexplana-

tiontotheabnormalprofitsfromcarrytrading,butnottothosefrommomentum

trading.

ThesamepatternsariseinthestochasticL=4versionofthemodel.Allthree
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rulesareprofitableonaverage.Inordertocompareourresultstotheexistingliter-

ature,westudytheperformanceofnaivemomentumandcarrytradingstrategies

perannum.Thereadermaylookatappendix3.5foradescriptionofthemethod

used.

Weobtainreturnsthataresomewhattoohighcomparedtotheempiricalliter-

atureforbothagents,notablyformomentumtraderswhoearnastaggering30.91

%p.a.. Thisislikelyduetoourstrongauto-correlationindailyreturns,which

makesmomentumveryprofitable.Carrytradersalsoearnlargereturns,butthese

arelargelyoffsetbytheimportantrisktheyface. WithL=4weobtainaSharpe

ratioof0.78formomentumtradersand0.35forcarrytraders.Thesevaluesare

consistentwiththeliteratureonmomentumprofits(e.g. Menkhoffetal.,2012),

butnoticeablylowerthanthe0.54foundbyBurnsideetal.(2008)forcarrytrad-

ingoversinglecurrencypairs,whichaddstotheimpressionthataccountingfor

leveragereducesthepuzzleofcarrytradereturns.

Theabilityofthemodeltoreplicatestylizedfactabouttheprofitsofchartist

andcarrytradermayalsobeseenasencouragingfromarobustnessperspective.

3.4.2Active/passivechartistsandfundamentalists

Weinvestigatehowthedynamicsofthemodelrespondtomoreorlessactive

tradingbychartistsandfundamentalists. Activenessismeasuredthroughthe

numberxofperiodsbothinvestorsgobacktowhenforecastingfutureprices.A

lowerxmeanslargerdailychangesinholdingsbybothagents,asshorter-term

pricedynamicsaremorevolatile.Ahigherxshouldhavetheoppositeeffect,asa

strategybasedonlongerpricedynamicsshouldbemorestable.
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Figure3.4.2presentstheERdynamicsspecifyingx=10andx=60forboth

agents. Weincludethebaselinescenariox=30forcomparisonpurposes.

Figure3.4.2–C=4dynamicswithvaryinginvestmenthorizonsbychartistsand
fundamentalists

Firstwenotethatonlyonecaseinvolvesarealchangeinthepatternofbooms

andbusts:moreactivemomentumtraders.Thereasonisthatwhenchartistsare

moreactive,theyarequickertoexittheirlongpositions,whichmakesaconsistent

trendofappreciationdifficulttoimplement.Thisoptionthusseemsdesirablefrom

atailriskperspective.Yetitalsopreventsthecarrytradersfromkickingupthe

exchangerate,whichshouldhappeninanefficientmarket. Thedistributionof

Sinthiscaseisnearlysymmetric,skewnessis0.02.

Inalltheothercasestheoveralldynamicsdonotchangedrastically.Allowing

fundamentaliststobemoreactiveintheirchaseformeanreversionsimplyreduces

themagnitudeoftheappreciationphase,whichlowersthesizeofthecurrency

crashes. Ontheotherhandmoreactivefundamentalistsalsomeansthatdaily
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negativedemandshockscanbelarger. Overallbotheffectsseemtocanceleach

otherout,skewnessis-5.17,comparabletothex=30case.

Whenagentshavealongerperspective,i.e x=60,thesametwoeffectsareat

playintheoppositedirection. Ononehandthebuild-upphasesarelargerin

magnitudeasthepositionsofchartists(fundamentalists)areconsistentlymore

long(lessshort). Ontheotherhandamorepassivestrategyalsomeansless

drasticreactionstoadversepricemovements. Forbothcasesthislattereffect

seemstodominate.Skewnessis-3.72and-3.95formorepassivechartistsand

fundamentalistsrespectively,whichrepresentsanotableimprovementcompared

tothevalueof-5.07inthex=30case.

Thustheactivenessofchartistshasanon-linearimpactonskewness,similarto

fundingconstraints.Intermediatelevelsof“activeness”aresufficientlystableto

createlongbuild-upphases,andsufficientlyvolatiletotriggerlargedailydrops

indemand.Forfundamentaliststheimpactofmoreactivetradingisnotasclear

forlowvaluesofx,butitseemspastacertainpointamorepassiveapproachalso

reducescrashrisk.

Table2presentstherealizedskewnessfromMonteCarlosimulationsintheL=4

case,forourdifferentlevelsofx.

skewness x=10 x=30 x=60

chartists -0.27 -0.32 -0.29

fundamentalists -0.58 -0.32 -0.22

Thistableconfirmsthatmorepassivetradingbybothagentslowerscurrency

risk,whiletheimpactformoreactivetradingdiffersforbothagents.Forchartists

movingtox=10bringsamoderatefallinrealizedskewness.Howeverforfunda-

mentalistsitseemsmoreactivetradingfosterscrashriskinthestochasticversion.
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3.4.3Canendogenousboomsandbustsexplaintheexchange

ratedisconnect?

Weinvestigatewhetherthemodeliscapableofreproducingsomeempirical

featuresofdisconnectbetweenexchangerateandfundamentals.Longruncon-

vergencewithfundamentalsisabuilt-infeatureinourset-up,sothatfindinga

significantrelationshipoverasufficientlylonghorizonisnatural. Amoreinter-

estingquestionlieswithwhetherthepatternsofthisconvergenceareinlinewith

theempiricalfindingsonthematterforoursetofparameters.

ToinvestigatewefollowaclassicpaperbyMark(1995),whostudiesthepre-

dictivepowerofasetoffundamentalvariablesontheexchangerateatvarying

horizons.Inanutshell,thisauthorrunstworegressionsoftheexchangeratesfor4

developedcountriesagainsttheUSdollar(Canada,Germany,JapanandSwitzer-

land). Thefirstregressionisbasedonasimplerandomwalkmodel,thesecond

isbasedonasetoffundamentalvariables. Markthenusestheregressionresults

todrawthepredictedout-of-sampleexchangerateforbothmodels,athorizonsof

1,4,8,12,and16quarters.Hethencomparestheperformanceoftherandomwalk

modelandthefundamentals-basedone,bycomparingtheirroot-mean-squareer-

ror(RMSE),i.e.thesumofthesquareddifferencesbetweenpredictedvaluesand

actualones.

Werunasimilaranalysis. WefirstrunaMonte-Carloexperimentwhichgener-

ates10000randomwalkswhichbeourvectoroffundamentalvalues,whereeach

vectorhasalengthof10years. Wegeneratethecorresponding10000exchange

ratesvectorsover10years. Wethensplitthesampleinhalf.Inthefirsthalfwe

estimatearegressionoftheERoverthefundamentalvalues.Inthesecondwe
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usetheregressionresultstodrawpredictedvaluesatthesamehorizonsasMark.

Similarlywedrawthepredictedvaluesfromarandomwalkmodel. Wethencom-

parebothRMSEs,bytakingtheratiooftheRMSEofthefundamentals-based

regressionoverthatofasimplerandomwalk,

Figure3.4.3plotsthisratioforourmodel,comparedtothatobtainedbyMark

(1995). Weshowhisresultsforallthecountriesinhissample,andthoseexclud-

ingCanadawhoappearstobeanoutlierinhispaper. NotethatahighRMSE

indicatesapoorforecastingperformance,sothataratioaboveone,forinstance,in-

dicatesthatthefundamentals-basedmodelisaworsepredictoroffutureexchange

ratesthanarandomwalk.

Figure3.4.3–C=4dynamicswithvaryinginvestmenthorizonsbychartistsand
fundamentalists

Weseethatthemodelgeneratesaforecastingpowerforfundamentalsthatis
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comparabletotheempiricalstudyof Mark(1995).Intermsoflevelsfirst,the

performanceofthefundamentals-basedregressiondominatesthatoftherandom

walkbyasimilarorderofmagnitude.Intermsofevolution,weseethatthis

dominanceincreasesasthehorizonwidensinbothcases,i.e.fundamentalshave

abetterforecastingpowerasthehorizonforpredictionrises.

Neverthelessadifferenceisthatthelargestgainintermsofexplanatorypower

occursearlierinourset-up.InotherwordsinMark(1995)themainincreasein

theperformanceoffundamentalsoccurswhenwemovefroma12toa16quarters

horizon. Fortheexchangerategeneratedbyourmodelontheotherhand,the

predictabilityincreasesmorewhenwemovefrom1to4quarters.

Overallinouropinionthemodelgeneratesdeviationsfromfundamentalsthat

seemcomparable,eventhoughnotperfectlyso,towhatweobserveempirically.

Withrespecttothepatternofthisconvergence,ourmodelisinlinewiththe

workofTaylorandPeel(2000)onnon-linearadjustmenttowardsfundamentals.

Theseauthorsshowempiricallythatthespeedatwhichexchangeratesconverge

tofundamentalsisanincreasingfunctionofthesizeofthedeviation.Thisfeature

ispresentintheERgeneratedbythemodel,sincetheexchangeratecrasheswhen

deviationsfromfundamentalsbecometooimportant.

3.5Conclusion

PreviousresearchhashighlightedthatheterogeneousFXinvestorsmaybea

vectorofexcessvolatilityinexchangerates,andthatconstrainedcarrytraders

playapartincurrencycrashes. Themainlessonofthischapteristhatboth

variablesshouldbeconsideredtogether,astheirinteractionisapotentialsource
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ofcurrencyrisk.

Themodelprovidesanexplanationfortheappearanceofseeminglyinexplicable

fallsinexchangerates. Thedynamicsproducedarealsoconsistentwithother

empiricalfeaturesofexchangeratessuchasexcessvolatilityandfattails.Finally

themodelhelpsexplainingpuzzlessuchastheprofitstocarrytradingandthe

exchangeratedisconnect.

Theemergenceoflargecapitalinflowswhicharequicktoevaporatehasbeena

majorpolicyconcern,notablyforemergingeconomieswhohavesufferedfrom“sud-

denstops”sinceadoptingfloatingcurrencies.Ourmodelsuggeststhatsuchstops

areatleastpartlyofendogenousnature,whichmayprovideanextrarationalefor

theimplementationofcapitalcontrols,asitimpliesevensoundmacroeconomic

maynotbesufficienttopreventcrashes.

Adeeperunderstandingofmicrostructureeffectsinlargedevelopedcountries

maynonethelessallowforfinerformsofregulation. Forinstanceinourmodel

endogenouscrashesoccurwithinacertaincontext:highinterestratedifferential

and/oreasyaccesstofundingintheHomecountry.Asmallinterestratedifferen-

tialoratightliquidityinthedevelopedworldshouldthusactasnaturalobstacles

tothearrivalofspeculativecapitalinemergingcountries. Thesecountriesmay

thenconsiderhardening/looseningcapitalcontrolsonallassetsaccordingtothese

twovariables,ratherthanapplyingcontrolstocertainassetsorindustrieswhich

aredeemed“speculative”.

Yetitappearsafirstandcrucialstepforanefficientregulationwouldbeto

increasetheavailabilityofdataonthepositionstakenatthetrader/tradingdesk

level,sothatresearchersmayhaveamorepreciseideaoftheimpactofmarket

microstructureoncurrencyrisk.
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Theexponentialdevelopmentofglobalfinancialmarketsisoneofthemost

stunningevolutionsofthemodernworldeconomy. Theshareofthefinancial

industryinUSGDPmovedfromaround4%inthelate1970sto8.3%in2006

(Philippon,2008).Thoughnoglobaldataisavailableontheevolutionofthetotal

amountofassetundermanagement,allevidencesuggestsithasbeenevenmore

dramatic. Derivativetradingmovedfromanegligiblemarketin1970toa630

trilliondollarsoneinDecember2014innotionalvalue(BankforInternational

Settlements,2015).DailyturnoverintheFXmarketmorethantripledbetween

1998and2013,movingfrom1.53to5.35trillionsofdollars(BankforInternational

Settlements,2013).

Suchanemergencehasnoprecedentinhistory.Thoughithasundeniableben-

efits,italsobringsimportantrisks. Thebroadgoalofthisthesishasbeento

contributetoabetterunderstandingofthoserisks.

Todoso,weusedamethodbasedonsplittingassetpricemovementsinto

twocomponents,whicharenotindependentbutyetdifferentinnature. Onone

hand,fundamentalmovementcanbedefinedasthechangeinanassetpricethat

resultsfromtheevolutionofunderlyingfeaturesoftheasset. Theuncertainty

surroundingtheseunderlyingfeaturesbringsfundamentalrisk,whichisinherent

187



Generalconclusion

toanyinvestmentandhasalwaysexistedunderitscurrentform.

Ontheotherhand,endogenousmovementscanbeseenasthepricechanges

thatcomesfromtheorganizationofthemarketsastheycurrentlystand. The

endogenousapproachholdsthatagivenfundamentalshockmayhaveverydifferent

impactonassetprices,dependingonthefeaturesofthefinancialnetwork,therules

marketparticipantsfollow,thecapitaltheyhold,etc.Thestructureofthemarkets

thusembedsdifferentamplificationmechanisms,whoseimpactmaygowellbeyond

thatoftheinitialshock.

Thisthesishasbeenparticularlyinterestedinthisendogenouscomponent.In

Chapter2wehighlightedthepresenceofnon-fundamentalmovementempirically,

byshowingtheexistenceoflabeleffectsinthebondmarket.Inchapter1and3we

providedtheoreticalmodelsinwhichriskcarryingendogenousmovementemerged

throughtheactionsofmarketparticipants.Intheformerriskcamefromthefact

thatportfoliodiversificationcreateslinksbetweenassetsandinvestorswhichhad

potentialtotransmitadverseshocks.Inthelatter,itcamefromthepossibility

thattheinteractionsbetweenFXinvestorsleadtocurrency“bubbles”.

Ourconcernforendogenousamplificationmechanismshasbecomesharedby

academicsandregulatorsalikesincethe2008subprimecrisis,inwhichnon-

fundamentalfactorsappearedtohaveplayedalargepart.Beforethecrisisbanking

regulationwasbasedprimarilyonrequiringbankstokeepacertainproportionof

theirriskweightedassetsincapital.TheBaselIIIagreementmarkedanoteworthy

turntowardsamoremarket-wideapproach,whichaccountsnotonlyforriskat

theentitylevel,butalsofortheriskarisingfromtheinteractionsbetweenthese

entities.

Keyinnovationsfromourperspectivenotablyinclude:
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-Anextracapitalchargeof2.5%ofriskweightedassetforsystemicallyimpor-

tantfinancialinstitutions.

-Theappearanceoftwoliquidityratiosdesignedtocompelbankstoholdenough

cashtofacealiquiditydrought.

-Theimplementationofacountercyclicalcapitalbuffer,whichrequiresbank

toputextracapitalasideduringboomphases.

Theoreticallysuchmeasuresshouldhelpmanagingsomeofthesourcesofen-

dogenousriskthatwehaveputforwardinthethesis.Theextrachargeforsystemic

banksforinstanceshouldminimizethepotentialforpropagationofriskthrough-

outthefinancialnetwork,highlightedinchapter1.Counter-cyclicalbuffersshould

limitthelikelihoodofcapitalfueledboomssuchasthosedescribedinchapter3.

Liquiditybuffersshouldhelpmanagingmovementsofmasssellingfollowingad-

verseshocks,whichwehavemodeledinbothchapters.Thusfromtheperspective

ofthisthesissuchrulesgointherightdirection.

Howeveritseemsthemostdifficulttaskforregulatorsisnotimplementingthe

rightrule,butratherimplementingitattherighttime.Indeedhistoricallyeach

oneoftheBaselagreementscamefollowingacrisis12,veryfewchangeshavebeen

appliedduringquiettimes.Goingforwardakeychallengeforregulatoryinstances

isthustobettertheirmonitoringofthemarketsinordertospotsituationsin

whichendogenousriskisbuildingup,andactpreemptively.

Fromthisperspective,itseemsanimportantfirststepforregulatoryinstances

istopayparticularattentiontotheimpactthattheirownactionsmayhaveon

thebehaviorofmarketparticipants. Newrulesmayhaveadistortiveeffectby

12.BaselIcameasresponsetothebankruptcyoftheGermanbank“Herstatt”in1974.Basel
IIfollowedtheAsianfinancialcrisisof1998,whileBaselIIIechoesthe2008Subprimecrisis.
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makingcertainassetsmoreattractiveeventhoughtheirfundamentalvaluesare

unchanged.Securitizationforinstanceappearedlargelyasameanforbanksto

bypasstherulesfromBaselII.Itallowedbankstotakeloansoutoftheirbalance

sheet,loweringtheircapitalrequirements. Thisincentivelikelyparticipatedto

banksoverlookingthefundamentalcharacteristicsofsecuritizedassets.

BaselIIIcouldyieldsimilarendogenousresponses. Bankscouldnotablybe

temptedtooutsourceagrowingshareoftheiractivitiestooffshorecenters.Assets

definedasliquidunderthenewagreementswillacquireanewroleinthefinancial

network. Regulatorsandacademicresearchshouldthenplacetheseevolutions

underparticularscrutinity,asurveillancetowhichwehopetocontributeinthe

future.
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Appendix1.1

WestudytheimpactoftryingalternativevaluesforparameterσFandK.Figure

A.1.1showstheimpactofrisingthedailyvarianceby25%andloweringthecapital

thresholdfordefaultKby25%also,whichyiedsσF=0.0310andK=6%. We

representtheintermediatelinearcaser/h=0.75andtheeasypanicone.

FigureA.1.1:LowerKandhigherσF,bothpanicandnonpaniccase.

Firstwenotethatthesedifferentvaluesdonotchangethegeneralpictureon

thelinkbetweendiversificationandsystemicrisk.Bothactionshaveacomparable
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impactonsystemicriskastheyrisethemarginalriskattachedtoeachinvestor.

Withorwithoutpanic,allsignificantlevelsoffailurearemorelikely,butthe

strongestrelativeincreaseisonmassfailure. Therelativerisecomparedtothe

baselinescenariofallsasthetransmissibilityr/hrises,i.e.theriseislargerfor

lowr/h.ThisislogicalbecausebothalowerKandahigherσFmakebankruptcy

morelikelyceterisparibus,butthisincreaseinriskbecomesincreasinglymarginal

asr/hrises.

Appendix1.2

DrawingthegeneralelementofΣt,Σtot,andΣIinvolvesdiagonalizingmatrices

(AA)t, t=+∞
t=0 [(r/h

n2
)AA]t,and1

n
A t=+∞

t=0 [(r/h
n2
)AA]t.Ourmethodistoworkour

wayupfromasimplecirculantmatrixZ.Thisappendixgivestheoutlineofthe

proof,whileappendices1.3,1.4,and1.5providesdetailsoncertainsteps.

FromthecyclicpermutationmatrixZtoA

Zisthe“cyclicpermutationmatrix”,whoseelementzi,j=1ifi≡j−1[N],

zi,j=0otherwise.TakingZtothepowernshiftstheone-diagonaln-1spotsto

theright.ForinstanceifN=5:

Z=



















0 1 0 0 0

0 0 1 0 0

0 0 0 1 0

0 0 0 0 1

1 0 0 0 0



















Z2=



















0 0 1 0 0

0 0 0 1 0

0 0 0 0 1

1 0 0 0 0

0 1 0 0 0


















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TheeigenvaluesofZarereadilyobtainedfromtheobservationthatZN =

1N,where1N istheidentitymatrix. UsingtheCayley-Hamiltontheorem,the

characteristicpolynomialofZisoftheformQ[x]=xn−1,anditseigenvaluesare

thenth-rootsofunity.ThusthematrixsimilartoZisDz=diag(ω
0,ω,...,ωN−1)

whereωk=e
2iπk
N =cos(2πk

N
)+isin(2πk

N
)andω−k=cos(2πk

N
)−isin(2πk

N
)according

toEuler’sidentity. NotealsothatsinceωN =1,wehaveωα(N−k)=ωαN−αk=

ω−αk.

FromthepropertiesofZ,itappearsthatanycirculantmatrixCmaybeex-

pressedasapolynomialinZ:C=R(Z). ThisimpliesC=R(PDZP
−1)=

PR(DZ)P
−1,wherePisthechangeofbasismatrix.Therefore:

-ψk,thektheigenvalueofanycirculantmatrixCisapolynomialinω
k,the

ktheigenvalueofZ.

-Pisthechangeofbasismatrixforallcirculantmatrices.

InparticularforA:

A=R(Z)=P(
s=n−1

s=0

DsZ)P
−1 (a.1.1)

wherenisthelevelofdiversification. ThematrixsimilartoAisthusgiven

byDA=
s=n−1
s=0 DsZ.ItsgeneralelementistheinverseFouriertransformψk=

R(ωk)=
s=n−1
s=0 ωks.ψkisthesumageometricseriesofntermsandcommon

ratioe
2iπk
N ,sothat:

ψk=
1−ωkn

1−ωk
=
1−cos(2πkn

N
)−isin(2πkn

N
)

1−cos(2πk
N
)−isin(2πk

N
)
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exceptwhenk=0,inwhichcaseψ0=n.Notethatthisexpressionalsoimplies

ψ−k=ψN−k.

FromAto(AA)t

TomovefrommatrixAtoAA,weusesomeofthenumeroususefulproperties

ofthechangeofbasismatrix13P:

1)Pisunitary:i.e.,P−1=P†,whereP†isP’sconjugatetransposeofgeneral

termω
−jk
√
N

2)P=P andP−1=(P−1),sothatA =P−1DAP

3)P2=P−2=VwhereVisanearreversalmatrix14.

Wemaythenwrite AA=P−1DAPPDAP
−1=P−1DAVDAP

−1

Pre-multiplyingbyPP−1wegetthedesiredresult:

AA=P(VDA)
2P−1 (a.1.2)

whichimplies(AA)t=P(VDA)
2tP−1. Thematrixsimilarto(AA)tisthus

(VDA)
2t.Thecovariancebetweenassetspricechangesatagivenperiodisthen

Σt=E([Pt−E(Pt)][Pt−E(Pt)])=σ
2

F(
r/h
n2
)2tP(VDA)

4tP−1,wherewe

usedthefactthatE(eF1 eF1)=diag(σ
2

F)andthat(AA)
tissymmetric,sothat

(P(VDA)
2tP−1)=P(VDA)

2tP−1.

TheexpressionofmatrixVimpliesthat(VDA)
2’selementonrowk+1>1may

beexpressed15asφk=φN−k=ψkψ−k=
1−ωkn

1−ωk
×1−ω−kn

1−ω−k
,whichwillbepositive

foranyk.Using(a.1.1)andrearranging:

13. WederivePinappendix1.3
14.AnexampleofmatrixVwhenN=4isprovidedinappendix1.4
15.seeappendix1.4foraderivationthroughanN=4example
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φk=φN−k=
1−cos(2πkn

N
)

1−cos(2πk
N
)

andφ0=n
2ifk=0.Notethatthisimpliesφ0=n

2isthemaximumeigenvalue

ofAA,wethusverifytheconvergenceconditionr<hgiveninsection3.

SummaryofthediagonalizationofAA:

-MatrixZ’seigenvaluesaretherootsofunity

- MatrixAisapolynomialofZ,soitseigenvaluesareapolynomialofZ’s

eigenvalues

-AllcirculantmatriceshavethechangeofbasismatrixPwherePP=V,Va

nearreversalmatrix

-ThisimpliesAA=P−1DAVDAP
−1=⇒AA=P(VDA)

2P−1

FromAAto t=+∞
t=0 [(r/h

n2
)AA]t

t=+∞

t=0

[(
r/h

n2
)AA]t=P(

t=+∞

t=0

(
r/h

n2
)t(VDA)

2t)P−1 (a.1.3)

t=+∞
t=0 [(r/h

n2
)t(VDA)

2t],whichwenoteDtot,isthenthematrixsimilarto
t=+∞
t=0 [(r/h

n2
)AA]t.

Thevectoroftotalpricemovementaftertheshockisthus t=+∞
t=0 Pt=PDtotP

−1eF1,

anditscovariancematrixisΣtot=σ
2

FP(Dtot)
2P−1,usingthefactthat t=+∞

t=0 [(r/h
n2
)AA]t

isalinearfunctionofsymmetricmatricesandisthussymmetricitself.

ThegeneralelementofDtotisthusξk=Σ
t=+∞
t=0 (r/h

n2
φk)

t,i.e.,thesumofa

geometricseriesofcommonratio(r/h
n2
φk).Asweconsidertotalpriceshiftsfrom

t=0tot=+∞,theformulaforthesumofofthetermsofgeometricseriesyields:

ξk=
1

1−(r/h
n2
φk)
=

1

1−(r/h
n2
1−cos(2πkn

N
)

1−cos(2πk
N
)
)
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withξ0=
1

1−r/h
sinceφ0=n

2.ξk=ξN−ksinceφk=φN−k.

From t=+∞
t=0 [(r/h

n2
)AA]tto1

n
A t=+∞

t=0 [(r/h
n2
)AA]t

HavingdiagonalizedAandAA,weuse(a.1.1)and(a.1.3)towrite:

1

n
A
t=+∞

t=0

[(
r/h

n2
)AA]t=

1

n
P(DA)P

−1P(Dtot)P
−1=

1

n
P(DADtot)P

−1

DADtotisthusthematrixsimilartoA
t=+∞
t=0 [(r/h

n2
)AA]t.Thecovariancematrix

ofthevectoroftotalwealthchangecanthusbere-expressedas:

ΣI=
σ
2

F

n2
[PDADtotP

−1][PDADtotP
−1]=PDADtotVDADtotP

PostmultiplyingbyPP−1weobtainΣI=
σ
2

F

n2
P(DADtotV)

2P−1.

Thegeneralelementof(DADtotV)
2isk=ψkξkψ−kξ−k=φkξ

2
k,thatis:

k=
1−cos(2πkn

N
)

[1−cos(2πk
N
)][1−(r/h

n2
1−cos(2πkn

N
)

1−cos(2πk
N
)
)]2

Wenowhavederivedtheeigenvectorsofandmatricessimilarto(AA)t, t=+∞
t=0 [(r/h

n2
)AA]t,

and1
n
A t=+∞

t=0 [(r/h
n2
)AA]t,sothatwemaydrawthegeneralelementofthecovari-

ancebetweenassetspricechangesatagivenperiodΣt,thecovariancematrixof

totalpricemovementΣtot,andthecovariancematrixofthevectoroftotalwealth

changeΣI.Appendix1.5goesthroughthealgebra.
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Appendix1.3

ThechangeofbasismatrixPisthesameforallcirculantmatrices. Wethus

lookforthechangeofbasismatrixforZ.

ZP=PDZ⇐⇒










0 1 ... 0 0

0 0 1 ... 0

0 0 0 ... 0

0 0 0 0 1

1 0 0 0 0























p1,1 ... p1,N

... ... ...

pN,1 pN,N












=












p1,1 ... p1,N

... ... ...

pN,1 pN,N























ω0 0 ... 0

0 ω1 .. 0

0 0 ... 0 0

0 0 0 ωN−2 0

0 0 0 0 ωN−1












⇐⇒












p2,1 p2,2 ... p2,N

p3,1 p3,2 p3,N

... ... ...

pN,1 pN,N

p1,1 p1,N












=












p1,1ω0 p1,2ω1 ... p1,N−1ω
N−2 p1,Nω

N−1

p2,1ω0 p2,2ω1 .. p2,Nω
N−1

... ...

p2N,1ω
0 pN,2ω

1 pN,Nω
N−1












thisyieldsp2,1=p1,1ω
0,p3,1=p2,1ω

0=⇒ p3,1=p1,1(ω
0)2,p4,1=p3,1ω

0=⇒

p4,1=p1,1(ω
0)3

p2,2=p1,2ω,p3,2=p2,2ω=⇒p3,2=p1,1(ω)
2,p4,2=p3,2ω=⇒p4,2=p1,1(ω)

3

p2,N=p1,Nω
N−1,p3,N=p2,Nω

N−1=⇒p3,N=p1,N(ω
N−1)2,p4,N=p3,Nω

N−1=⇒

p4,N=p1,N(ω
N−1)3

Andsoon,thegeneralformisthus:pi+1,j=(ω
j−1)ip1,j.Normalizingby

1√
N

weobtainanorthonormalbasefortheeigenvectorsofthediscreteinverseFourier

transformmatrixofcoefficient 1√
N
,whosegeneraltermispi+1,j+1=

(ωj−1)i√
N
,with

(i,j)∈{0,1,..,N−1}2:

P= 1√
N












1 1 . . 1

1 ω . . ωN−1

. . .

. . .

1 ωN−1 ω(N−1)
2











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Appendix1.4

VDA =









1 0 0 0

0 0 0 1

0 0 1 0

0 1 0 0

















ψ0 0 0 0

0 ψ1 0 0

0 0 ψ2 0

0 0 0 ψ3








=









ψ0 0 0 0

0 0 0 ψ3

0 0 ψ2 0

0 ψ1 0 0









whereψk=
s=n−1
s=0 ωks=1−ωkn

1−ωk

DA A =(VDA)
2=









ψ0 0 0 0

0 0 0 ψ3

0 0 ψ2 0

0 ψ1 0 0

















ψ0 0 0 0

0 0 0 ψ3

0 0 ψ2 0

0 ψ1 0 0








=









(φ0) 0 0 0

0 (φ1) 0 0

0 0 (φ2) 0

0 0 0 (φ1)









whereφ0=(ψ0)
2,φ1=φ3=ψ3ψ1,φ2=(ψ2)

2

Sinceψ−k=ψN−k,ψ3=ψ−1,ψ2=ψ−2.

Thusweverifythatfork[0,3],φk=ψkψ−k=
1−ωkn

1−ωk
×1−ω−kn

1−ω−k
,whichyields

φk=
1−cos(2πkn

N
)

1−cos(2πk
N
)

Appendix1.5

Herewefocusonthegeneralelementofassetperperiodcovariance.Themethod

isthesamefortotalassetandinvestorsone,only(φk)
tisreplacedrespectivelyby

ξkandξkψk.Fromtheexpressionof(VDA)
2inappendix1.4,andthatofPin

Appendix1.3,wemaywriteΣtσ
2

F(
r/h
n2
)2tP(VDA)

4tP−1as:

Σt=σ
2

F(
hr
n2
)2t









1 1 1 1

1 ω ω2 ω3

1 ω2 ω4 ω6

1 ω3 ω6 ω9

















(φ0)2t 0 0 0

0 (φ1)2t 0 0

0 0 (φ2)2t 0

0 0 0 (φ1)2t

















1 1 1 1

1 ω−1 ω−2 ω−3

1 ω−2 ω−4 ω−6

1 ω−3 ω−6 ω−9








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Σt=σ
2

F(
hr
n2
)2t









(φ0)2t (φ1)2t (φ2)2t (φ1)2t

(φ0)2t ω(φ1)2t ω2(φ2)2t ω3(φ1)2t

(φ0)2t ω2(φ1)2t (φ2)2t ω2(φ1)2t

(φ0)2t ω3(φ1)2t ω2(φ2)2t ω(φ1)2t

















1 1 1 1

1 ω3 ω2 ω

1 ω2 1 ω2

1 ω ω2 ω3








=

σ
2

F(
hr
n2
)2t









(0) (1) (2) (1)

(1) (0) (1) (2)

(2) (1) (0) (1)

(1) (2) (1) (0)









Whereweusedthefactthatωk=ωN−k.UsingEuler’sidentityω(k−j)(N−q)φN−k+

ω(k−j)qφk=2cos(
2iπ(k−j)q
N

)φk:

(0)=(φ0)
2t+2(φ1)

2t+(φ2)
2t=(n2)2t+2(

1−cos(2πn
4
)

1−cos(2π
4
)
)2t+(

1−cos(2∗2πn
4
)

1−cos(2∗2π
4
)
)2t

(1)=(φ0)
2t+(ω3+ω1)(φ1)

2t+ω2(φ2)
2t

=(n2)2t+[cos(2π
4
)+isin(2π

4
)+cos(2π

4
)−isin(2π

4
)](
1−cos(2πn

4
)

1−cos(2π
4
)
)2t+[cos(π)+

isin(π)](1−cos(πn)
1−cos(π)

)2t

=(n2)2t+2cos(2π
4
)(
1−cos(2πn

4
)

1−cos(2π
4
)
)2t−(1−cos(πn)

2
)2t

(2)=(φ0)
2t+(ω2+ω2)(φ1)

2t+(φ2)
2t=(φ0)

2t+(ω2+ω−2)(φ1)
2t+(φ2)

2t

=(n2)2t+2cos(2∗2π
4
)(
1−cos(2πn

4
)

1−cos(2π
4
)
)2t+[cos(2π)](1−cos(πn)

2
)2t

Thegeneralexpressionforthecovariancebetweenkandjgiveninthebodyof

thetext(forNeven)isverified:

cov(pj, pk)t=
σ
2

F

N
(r/h
n2
)2t[(n4t+2

q=N/2−1
q=1 cos(2∗(k−j)qπ

N
)(
1−cos(2πnq

N
)

1−cos(2π
N
)
)2t+cos(2(k−

j)π)(1−cos(πn)
2
)2t]
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Appendix1.6

Weintroducespeculatorsinthemodeltofindoutwhethertheyimpactthede-

sirabilityofdiversification. Wesetspeculatorstofollowasimplepositivefeedback

strategies,sellingtheassetswhichhavefallensteeplyduringthepreviousperiod.

Thoughitisadmitablystark,thisruleisawayofmodelingapopularspeculative

strategyonthemarkets: momentumtrading. WereferthereadertoDelonget

al.(1990)foradiscussionontheexistence,rationality,andbehavioralfinance

explanationsforsuchastrategy.

Forourpurposesthisformsimplyimpliesthat“speculators”tohaveanac-

celeratingimpactonlossesandshouldonaverageaddtothevolatilityofthe

markets. Thiscouldprovideanewcasefordiversification:asindividualasset

pricessnowballmorequickly,thespreadingoflossesacrossassetsmaybecome

moredesirable.

Thevectorofspeculatordemandssimplywrites Qlt,t=β Pt−1. Whereβ

representsthestrengthofpositivefeedbacktradingintheeconomy.Re-expressing

themarketclearingconditionnowyieldsε∗t+1+MRt+1=(
r/h
n2
)TT Pt−1+

QMRi,t
h
+

β Pt−1.Pluggingintothepricedynamicsanddiscardingthelong-termfunda-

mentaldriftandmeanreversion:

Pt=(
r/h

n2
)[TT+βI]Pt−1

FigureA.1.6.asummarizesthefollowingdifference:probabilitiesinthebaseline

modelminusprobabilitiesattributingathirdoftotaltradingtospeculators,setting

r/h=0.75:
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FigureA.1.6.a:Baselinevsmodelwithspeculators,withoutpanic

Weseethatbothextremes,noandcompletefailure,aremorelikelyinthebase-

linemodel,i.e.lesslikelywhenweintroducespeculators.Fortheno-failurecase

thisisanaturalconsequenceofthefactthatspeculatorsinducehighervolatility

attheassetlevel,makingislesslikelythatnoparticularinvestorfails.Inthe

completefailurecasethefindingismoresurprising,thepositiveimpactofspecu-

latoronindividualriskismorethanoffsetbythefactthatassetsarenowmore

independent,whichmakesitlesslikelythattheyallexperiencelargefallstogether.

Forthesamereasons,theoddsofallintermediarycasesontheotherhandincrease

whenspeculatorsappear.

Werespecttodiversificationwenotethatthisdifferencediesoutas nin-

creases. Whenthetransmissionbetweenassetbecomesincresasinglytransver-

sal,the“asset-specific”amplificationmecanismsbecomeincreasinglymarginal.

Lookingatdesirabilityimplieslowerlevelsofdiversificationaremarginallymore

attractivewhenthemarketissubjecttospeculativeattacks,andhighlevelsless
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so.

Thisconclusionchangesdrasticallywhenweaccountforpossiblepanics,as

showedbyfigureA.1.6.b.

FigureA.1.6.b:Baselinevsmodelwithspeculators,withpanic

Asspeculatorsincreasethevarianceinsalesforagivenasset,theyincreasefor

agivenassettocrossthepanicthreshold.Thesmoothingofconstrainedselling

thatdiversificationbringsbecomesverydesirableinthiscase.Increasingthelevel

ofdiversificationisalwaysunambiguouslydesirableforanyvalueofβ.
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Appendix2.1

Thisappendixpresentsasimpleparsimoniousmodelwhichformalizesthelogic

ofsection1.1.

Considerabondiwhoseyieldspreadmovesaccordingtoageneralfactormodel:

Ri=αiF+εi

whereRirepresentstheyieldspreadofasseti,andεitheidiosyncraticnoise

specifictoasseti.FcanbeseenasaCAPMtyperiskfactorthatproxiesthe

riskthatiscommontoallbonds,andαitheasset’sexpositiontoit.Alternatively

onecouldseeFandαiasvectors,withFrepresentingthedifferentfundamental

riskfactorsthatimpactbonds.Eitherway,ifassetjhasalowgrade,weexpect

αj≥αi,i.e.thelowgradedassetshouldrespondmorestarklytoincreasesinthe

globalriskfactor(s).

AccordingtotheirsensitivitytoF,assetsaregroupedintodifferentexogenously

definedriskclasses.Indexyieldspreadisdefinedby:
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RI=αIF+εI

whereαIistheaverageexposureofassetsthatbelongtoI,andεIthenoiseat

theindexlevel,alsounrelatedtoF.

Inaworldinwhichpricesonlyfollowtheirfundamentals,εishouldbei.i.d.and

soshouldεI,whosevarianceshouldbemuchlower.Nowsaythenumberofassets

istoolargeforinvestorstomanagetheirportfoliosattheassetlevel,sothatthey

engageinstyleinvesting.Theygroupassetsaccordingtotheirriskclass,andtrade

atthisriskclasslevel,sothateachassetinowmoveswiththeindexitbelongs

to. Mathematicallythismeansεi=εI+ε
∗
i,whereε

∗
iisthe“true”idiosyncratic

noiseonasseti,andεIthemovementthatiscommontotheentireindex.

ThecomovementofanassetiwiththeindexIitbelongstowillthenbe:

βi,I=
cov(Ri,RI)

σ2RI
=
αiαIσ

2
F

σ2RI
+
σ2I
σ2RI

withσ2RIthetotalvarianceofindexI,σ
2
Fthevarianceofthefundamentalfactor,

andσ2IthatoftheindexspecificmovementinindexI,i.e.themovementinthe

indexthatisnotdrivenbyfundamentals. Takingtheaveragebetaforallthe

assetsibelongingtoindexIwehave:

β̄i,I=
α2Iσ

2
F

σ2RI
+
σ2I
σ2RI
=1 (a.2.1)

sincetheexposureofindexItocreditriskαIissimplytheaverageexposureof

alltheassetsthatbelongtoI,i.e.αI=
i=n
i=1

αi
n.

Ontheotherhand,theaveragebetaofanasseti’withindexI,ifi’doesnot
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belongtoI,willbe:

β̄i,I=
αIαIσ

2
F

σ2RI
+
δI,Iσ

2
I

σ2RI
(a.2.2)

whereδI,I=
cov(εI,εI)
σ2
I

isthebetaofaregressionoftheindexspecificnoiseof

indexI’onthatofI.

ConsidernowanassetthatbelongedtoindexIbutgetsupgraded/downgraded

toI’.BeforetheratingactionitsexpectedcomovementwithIisgivenby(a.2.1),

whileaftertheratingactionitwillbegivenby(a.2.2).Consequentlytheexpected

changeinthebetaofanassetthatisbeingupgraded/downgradedwiththeindex

Iitleaves,whichwecallan“out”movement,shouldbe:

E( β
out)=β̄i,I−β̄i,I=

αIσ
2
F(αI−αI)

σ2RI
+
(δI,I−1)σ

2
I

σ2RI
= f

out+
s
out (a.2.3)

wherewehaveusethefactthatδI,I=1,thecomovementofanindexwithitself

isone. f
out=

αIσ
2
F(αI−αI)

σ2RI
referstothefundamentalpartoftotalbetashift,and

s
out=

(δI,I−1)σ
2
I

σ2RI
thestyleinvestingone.

Conversely,theexpectedbetachangeofassetleavingItojoinI’,or“in”

movement,willbe:

E( β
in)=β̄i,I−β̄i,I=

αIσ
2
F(αI−αI)

σ2RI
+
(1−δI,I)σ

2
I

σ2RI
= f

in+
s
in (a.2.4)

Thesignthat SwilltakewilldependonthevalueofδI,IorδI,I,bothfunctions

ofthecovariancebetweenthenoiseoftheindexescov(εI,εI).Thistermrepresents
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thelinkbetweentwoindexesarisingfromstyleinvesting.Onecannotexpectstyle

investorstoconsistentlybuymorethan1unitofagivenindexeverytimehebuys

1unitofanother,andevenlessallofthemtodoso,forthiswouldrequirethatthe

totalwealthinvestedvariesenormouslyonadailybasis16.Thereforetheaverage

indexstyle-drivencomovementmustbebetween0and1inabsolutevalue,i.e.

|E(δI,I)|<1.Intheoutcase,thismeans
s
out=

(δI,I−1)σ
2
I

σ2RI
shouldbenegative,

whileintheincase s
in=

(1−δI,I)σ
2
I

σ2RI

shouldbepositive.

Notethatforrobustnesswetestedthatthisaveragestyledrivencomovementis

indeedbelowone,andconfirmedatthe0.01level.

Whatabout f?Ifthemovementisanupgrade,assetihasbecomelesssensi-

tivetoglobalrisk,sothatE(αi)>E(αi),and
fshouldbenegative.Conversely

foradowngradeweexpectE(αi)<E(αi)andthus
ftobepositive.Therefore

wereachtosamepredictionsasinSection1.1:

downgrade upgrade

in f>0, s>0 f<0, s>0

out f>0, s<0 f<0, s<0

Inageneralfactormodelsettingandiflowgradedbondsrespondmoreto

changesintheriskfactor(s),fundamentalfactorsandstyleinvestinghaveopposite

predictionsoncomovementin2sub-cases,whichprovideanaturalwayoftesting

forstyle-drivencomovement.

16.Besidesbeingnaturallybetween0and1,δI,I shouldalsobedriventowards0through
measurementerror.Indeedthetradingofagivenriskclassmaybepartofaportfoliowide
change,whichleadstocomovementbetweenindexes,butitmayalsobequiteindependentof
theotherindexes,forinstanceaspartofregularportfoliorebalancing.
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LetusnowimaginethatinvestorstradeattheriskclasslevelIbutalsoata

widerensembleonew,suchasinvestmentversushigh-yieldgrade.Foranasset

i∈I⊂w,theerrortermshouldwriteεi=εw+εI+ε
∗
i,whereεw represents

thenoiseofthewiderensemble,whichweassumetobeindependentofallother

terms.ThereturnofindexIwillbeRI=αIF+εw+εI.Theaveragebetaofthe

regressionsofallassetsibelongingtoI⊂wonindexI⊂wwillthenbe:

β̄i,I=
αIαIσ

2
F

σ2RI
+
δw,wσ

2
w

σ2RI
+
δI,Iσ

2
I

σ2RI

whereδw,w isthebetaofthenoiseofwiderensemblewonthatofw’,andσ
2
w

theidiosyncraticvarianceofensemblew’.Thereare3possiblecases:

-I=I’inwhichcaseweshouldhaveδI,I=δw,w =β̄i,I=1.

-I=Ibutw=winwhichcaseonlyδw,w shouldbe1.

-I=Iandw=winwhichcasenocoefficientisexpectedtobe1.

Thereforeinthisset-up,ifaratingactionconcernstworiskclassesthatbelong

tothesamewiderensemble,thebetashiftsshouldhaveexpressionssimilarto

(a.2.3)and(a.2.4),where β= f+ s.Howeverifchangingofriskclassalso

involveschangingofwiderensemble,weshouldhave,inthe“out”case:

E( β,w
out)=β̄i,I−β̄i,I=

αIσ
2
F(αI−αI)

σ2RI
+
(δI,I−1)σ

2
I

σ2RI
+
(δw ,w−1)σ

2
w

σ2RI

= f
out+

s
out+

w
out

where w
out=

(δw ,w−1)σ
2
w

σ2RI
representsthechangeincomovementthatmaybe

attributedtomovingfromawiderensembletoanother,andthenotation β,w
out

istohighlightthatwefocusonratingactionsthatprovokeachangeinwider
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ensemblesw.Inthe“in”case:

E( β,w
in)=

αIσ
2
F(αI−αI)

σ2RI
+
(δI,I−1)σ

2
I

σ2RI
+
(1−δw,w)σ

2
w

σ2RI

Similartoprevioussectionweexpect|δw,w|<1,and|δw,w|<1,sothat
w

shouldbenegativeintheoutcase,andpositiveintheinone. Actuallywemay

evenexpectδw,w∈]−1,0[,becausewithonlytwoensemblesonemaybetraded

moreagainsttheother. Forinstancewemayexpectacategorytraderwhose

riskappetiteisontherisetobuyspeculativebondsandfinancethisbyselling

investmentones,whichimpliescov(εw,εw)<0.

Takingthedifferencebetween β,wandtheaveragebetashiftacross“regular”

riskclassesthenyields:

E( β,w− β̄)=E( f+ s+ w)−E( f+ s)= w

whichagainshouldbepositiveintheincaseandnegativeintheoutone.

Thisapproachresemblesthedifference-in-differencemethodsofdevelopment

economics. Theideaisthatthefundamentalandriskclasslevelstyleinvesting

components fand sshouldbeconstantacrossallriskclasses,sothatdiffer-

encingshouldremovethesecomponents. Ofcoursethiswouldbeincorrectifwe

expected fand stobedifferentin β,w,yetwehaveapriorinoreasonto

expectthis.Ratingagenciesoftenclaimtheybasetheirdecisiononlyonunderly-

ingfundamentalrisk,sothatwedonotexpectthemtorequireahigherrelative

changeinfundamentals fforsensitivenotches.Similarlythereisnoobvious

reasonwhythestyleinvestingcomponentattheriskclasslevelshouldbediffer-

entfromaverage,sinceanydifferenceshouldbecapturedbythewiderchange
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component.

Whichratingmovementsmaybeinterpretedaschangingthewiderensembleof

anasset?AclearcandidatelieswithmovementsbetweenBBB-toBB+,asthe

linebetween“investmentgrade”bondsand“high-yield”onesliebetweenthese

twonotches.Thereforewesetourbasetesttobe:

Test2:H0:
β,bbb−/bb+
out − β̄

out>0and
β,bbb−/bb+
in − β̄

in<0

whereH0againrepresentsthe“nostyleinvesting”hypothesis.
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Appendix3.1

Considerthat“Home”and“Abroad”eachproduceasinglegood,andbothgoods

haveamoderatedegreeofdifferentiation.Lettherepresentativeconsumer17of

the“home”countryhavefollowinggeneralutilityfunction:

Ut=q
α
tq
β
t

whereqandqarethequantitiesdemandedofthehomeandforeigngoodrespec-

tively,whileαandβarepreferenceparameters.Theconsumerfacesthefollowing

budgetconstraint,expressedinthelocalcurrency:

Wt=ptqt+ptqt

whereWtistheconsumerwealthattimet,pandp’arethepricesofthe

foreignanddomesticgoodrespectively. Assumingperfectcompetitioninboth

countries,firmsareprice-takersintheirlocalcurrencies,wehavept=MC and

pt=MC×St.Thepriceofthedomesticassetathomeisthemarginalcostof

producingforhomefirmsintheirowncurrency,whilethepriceoftheforeigngood

athomeisthemarginalcostofproductionintheforeigncurrencyexpressedin

17. Weonlyconsiderconsumersinordernottooverloadthemodel.Inpracticethisdemand
mayalsocomefromfirms,butthisdemandshouldhaveacomparableform.
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thelocalone.

Forsimplicityweassumeallfundamentalscharacteristicsofbotheconomiesstay

constant,anassumptionalsomadeanddiscussedinthebodyofthethesis.Here

thismeanssettingMC,MC’andW constant.

Maximizingyieldsthetextbookdemandfunctionsforbothgoods,expressedin

unitsofthehomecurrency.

pq= α
α+β
W and

ptqt=MC×St×qt=
β

α+β
W (a.3.1)

Thevalueoftheexportsfortheforeigncountryisthehomedemandforforeign

goodsdenominatedintheforeigncurrencyXt=
ptqt
St
= MC×St×qt

St
=MC ×qt.

Assumingasinthebodyofthethesisthattheforeigncountryissmall,sothatwe

mayignorethevariationsintheimportsoftheforeigncountryfrom“home”,the

currentaccountoftheforeigncountryattimetcanthenbeexpressedas:

CAt=Xt−M =MC×qt−M

Thisexpressionrepresentthe“real”netdemandforFCUbetweentandt+1.

Plugginginequation(a.3.1),weobtainCAt=
A
St
−M,whereA= β

α+β
W.Noting

Fthe“fundamental”exchangerateforwhichtradeisbalancedi.e.CA∗= A
F
−

M =0,wemayre-expressedthiscurrentaccountas:

CAt=
A
St
−M−CA∗=A(1

St
−1
F
)=A

F
(F−St
St
)

Theevolutionoftheexchangeratemaythenbeexpressedas St=λ(
F−St
St
)+

b Qfm,t−1,whereλ=b
A
F
.
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Appendix3.2

Thevalueatrisk(VaR)givesthecapitallossassociatedwithagivenrealization

oftheportfolioreturnRc,t,thatmayoccurwithprobabilityα. Riskmanagers

choseathresholdvalueforα,notedα,andrequirethatinvestorsholdenough

capitaltocoverthelossesassociatedwiththecorrespondingreturnR̃c,t.Ifthe

realizedreturnisbelowR̃c,t,whichoccurswithprobabilityα,thentheinvestor

doeshaveenoughtofacehislossesandiseffectivelybankrupt.ThroughtheVaR

constraintriskmanagertheneffectivelysetamaximumprobabilityofbankruptcy

α.

Theinvestorisbankruptifallofhiscapital,ormore,hasbeenlost. Mathemat-

ically,thebankruptcyconditionatt+1isthenet+1≤0,whichusingexpression

(3.4)canberewrittenasRc,t≤
−et
Stp∗tq

∗
t
.ThereforewehaveProb(Rc,t≤

−et
Stp∗tq

∗
t
)=α

. OntheotherhandthethresholdreturnisgivenbyR̃c,t=µ−xσ,wherexis

thenumberofstandarddeviationsrequiredtohaveProb(Rc,t≤µ−xσ)=α. We

thushave:

Prob(Rc,t≤
−et
Stp∗tq

∗
t

)=α=Prob(Rc,t≤µ−xσ)=⇒
et
Stptqt

=xσ−µ

thususingconstantunconditionalmomentsµandσ,investmentintheforeign

bondwillbelinearlyrelatedtocapital,andwehave:

ptq
°
tSt=C.et
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asputinbodyofthetext,whereC=xσ−µ

ThereadermayobjectthatspecifyingaconstantC isaweakassumption.

IndeedShinandAdrian(2013)provideevidencethatcapitalrequirementsrelative

toholdingsdomovewitheconomiccycles,fallingduringboomsandrisingduring

busts.Howeverallowingforthisfeaturewouldinducefurtherprocyclicalityfrom

VaRconstraint. Sinceinourset-upprocyclicalityisalreadypresent,addinga

changingCwouldaddcomplexitywithoutaddinganewdynamic.

Appendix3.3

parameter description value

Rb Interestspreadbetweenbothcountries18 6%

Rb Interestspreadbeforetherise 4%

σ2s VarianceofdailyERchange 0.0001

σ2R VarianceofdailyERreturn 0.0004

x Numberoflagsusedbychartistsandfundamentalists 30

α Weightonrecentobservedmomentsforchartists 0.9

λ Speedofreversiontowardfundamentals 0.0001

b Marginalpriceimpactofoneunitofdemand 0.01

L Maximumallowedleverage [1,10]

ϕ Initialproportionofconstrainedcarrytraders 0.8

nF Numberoffundamentalists 0.01

nM Numberofmomentumtraders 0.05
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Appendix3.4

Figure4.3.4.a:Accumulatedprofitsformomentumtradingsector

Figure4.3.4.b:Accumulatedprofitsforcarrytradingsector
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FigureA.3.4.c:Profitsforfundamentalistsector

NotetheL=2caseseemstoyieldlossesforfundamentalists,butthesevanish

overalongerhorizon.

Appendix3.5

Thetotalreturnforchartistsandcarrytradersisdefinedas:et
e0
,whereeTisthe

wealthattheendoftheyearandeothatatthebeginning.Toobtainyearlyreturn

wenormalizee0to1,andspecifythatinvestorreinvestateachperiodttheirentire

existingwealth,i.e.theirwealthatt-1thepreviousperiodplusanycapitalgains

realizedbetweent-1andt.Thisapproachisinlinewiththemajorityofthepapers

onFXprofits,yetitinvolvesadeparturefromtheinvestmentbehaviorwehave

specifiedinthemodelforbothagents.
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Indeedinourset-up,chartistschangetheirexposuredaily,andtheseexposures

areunconstrained.Thismeansthatthewealthinvestedattimet+1isindepen-

dentofthewealthownedattimet,sothattheratioWt
W0
maynotbeviewedas

anindicatoroftheyearlyperformanceoftherepresentativechartist.Similarly

thecompletereinvestmentofequityisnotinlinewithcarrytraderswhenthey

areunconstrained,i.e.whentheircurrentholdingsmaynotreflecttheircapital.

Thereforetheseindicatorscanviewedasabroadestimateoftheprofitabilityof

momentumtradingandcarrytrade,comparablewiththatofotherstudies,but

notasaperfectindicatorofthereturnoftherepresentativeagentsinthemodel.

Studyingtheevolutionofthewealthofchartistsalsorequiresassumptionsabout

theirleverage,andhowmuchcapitalisconsumedbyshortselling.Inlinewith

theliteratureweassumenoleverage,andthatshortsellingisascapitalintensive

asbuying,i.e.chartistsmusthold100%ofamounttheyshortsell.
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