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Chapter 0

Introduction Francaise

0.1 Motivation

Les comportements spéculatifs sont une partie inhérente de |'économie réelle. "“Des anticipations plus
optimistes au sujet d'un temps de prosperité prolongée et une augmentation des profits poussent les
investisseurs a acheter des actions a risque plus élevé. De plus, dans cet environnement plus opti-
miste, les banques accordent des credits plus risqué L'optimisme grandit et peut devenir une prophétie
autoréalisastrice qui devient une manie.” (Kindleberger et Aliber, 2005, p. 37.) Deux aspects de la
spéculation sont addressés dans cette phrase. Premiérement, la spéculation va contribuer aux bulles,
par exemple aux bulles du marché des actions (Shiller, 1981; DeBondt et Thaler, 1985, 1987). Deux-
iemement, la spéculation peut se dérouler comme résultat d'une activité économique trés favorable.
L'énoncé de Kindleberger et Aliber (2005) souligne que la spéculation peut s'appliquer au financement
des entreprises. De plus, I'occurence de la spéculation peut étre un résultat strictement fondé sur le
financement précédent. Elle peut étre une prophétie autoréalisastrice qui resulte du caractére réflexif du
financement parce que les entreprises peuvent mieux se développer quand elles ont accés aux moyens
de financement. Dans ce cas, le financement a été justifié a posteriori. Quand les investissements sont
d’une origine externe (Allen et Santomero, 2001), la provision des moyens financiers externes peut étre
la seule source de bénéfices pour I'entreprise. Le comité allemand pour la stabilité financiére (Auss-
chuss fiir Finanzstabilitdt) a mis I'effet de cette rélation mutuelle en évidence. Dans son rapport au

parlement allemand sur la stabilité financiére en juin 2014, le comité dit que la recherche de rendement



par les institutions financiéres aprées la crise de 2007 a produit “I'acces trop facile aux moyens financiers
également pour des entreprises non solvables” (Deutsche Bundesbank, 2014, p.8.) De plus, cet accés
en combinaison avec un risque financier sur le marché immobilier a conduit au “développement de prix
non-durable , un niveau des dettes augmentées et des standards du crédit plus laches.” (Deutsche
Bundesbank, 2014, p. 1.) Le méme mécanisme peut prendre la direction inverse . Quand I'optimisme
disparait et les préteurs s'apercoivent qu'ils ont “trop de crédits risqués, ils deviennent plus réticents a
les prolonger. lls élevent aussi leur standards.” (Kindleberger et Aliber, 2005, p. 78.) Ce mécanisme
est évident sur le marché des actions. Les investisseurs achétent des actions parce qu'ils anticipent une
hausse des cours. Mais, en méme temps, c'est leur achat qui éleve le prix. Le marché se tient a un plus
haut niveau lui-méme (Kaplan, 2003). Une manie veut dire que les attentes et les actions des agents
sont de la méme maniére. L'homogénité de |'action grace aux attentes a été lancé par Keynes (1936)
qui a nommé ces attentes “animal spirits” - esprits animaux. Plus tard, Minsky (1970) a mis en rélief
que les membres de tout les groupes, créditeurs et débiteurs, sont affectés par I'optimisme pendant les
époques de croissance. La spéculation apparait en deux étapes. Premiérement, les actuers répondent a
un choc externe d'une maniére rationelle. Deuxiémement, I'anticipation d'un profit de capital devient
plus important. Cela veut dire que dans une phase initiale, les investisseurs visent a I'intérét et apres,
quand la spéculation est plus importante, ils visent a la revente de leur investissement (Kindleberger et
Aliber, 2005). Pesaran et Weale (2006) fournissent un resumé sur la formation des anticipations dans
un contexte éeconomique.

Comprendre I'interaction entre I'accroissement des attentes des investisseurs et leurs investissements
dans des projets hautement risqués est nécessaire pour comprendre les plus fortes fluctuations

' Cette these s'intéresse a I'impact de la spéculation sur I'économie réelle. Elle pose la

économiques.
question: comment les investissements, qui sont influencés par la spéculation, contribuent a |'évolution
économique. Elle encisage deux mécanismes possibles: comment une spéculation, sur le marché fi-

nancier influence I'économie réelle et comment la spéculation peut se produire comme conséquence du

financement de |'activité économique.

La thése consiste en trois parties qui peuvent étre lu comme des articles separés. La notation de
chaque partie est indépendent. Cette thése veut approfondir la compréhension des ramifications entre
le développement technologique, les anticipations, les restrictions d'investissement et le développement
économique. Pour cela, nous utilisons une méthode de modélisation basée-agent qui peut représenter

les interactions entre variables particulieres. Nous utilisons la simulation numérique pour I'analyse des

! Confer Borio, 2012.
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modeéles parce que leur complexité rend impossible une approche purement analytique. La premiere
partie (chapitre 2) s'intéresse a l'influence des fluctuations profondes au marché des actions sur le pro-
duit totale de I'ecomomie quand [utilisation de crédit est fondée sur la valeur de marché des actions.
La deuxiéme et troisiéme partie (chapitres 3 et 4) s'occupent de I'émergence du développement tech-
nologique en face des restrictions financiéres. Dans ces chapitres, I'accés au crédit est fondé sur les

propriétés individuelles et la situation globale de I'économie.

Le premier article insére les prix des actions dans un modéle de conjoncture. Le canal du crédit est le
transmetteur des anticipations a I'économie réelle. Elle s'occupe de trois liens d'influence bien connus:
I'évaluation du crédit, les lois sur la faillite et la compensation des dirigeants. La deuxiéme et troisieme
articles s'intéressent aux effets sur le progres technologique de la présence de restrictions financieres
fondée sur I'évaluation financiére. Le deuxiéme article analyse un seul secteur et identifie les parametres
le plus importants pour le développement technologique a long terme. Le troisiéme article analyse en
particulier I'impact des variations dans I'évaluation de crédit. Le modéle ressemble a celui du deuxieme
article mais a deux secteurs industriels. Ces secteurs sont en concurrence concernant le crédit et I'un
des secteurs a une probabilité plus grande de trouver une meilleure technologie que I'autre . Cette
concurrence constitue un effet negatif de développement technologique sur I'offre de crédit pour ce

secteur.

Les résultats en chapitre 2 indiquent que la dynamique sur le marché des actions peut influer la conjonc-
ture par les attentes des entreprises. Un optimisme qui existe dans |I'économie entiere peut transmettre
des du a la conjoncture parce que les dirigeants prennent plus de risque. lls dérivent leur évaluation de
risque du sentiment du marché des actions. De plus, la volatilité, peut accentuer les cycles de conjonc-
ture. Les résultats du chapitre 3 indiquent que le developpement technologique depend de I'accés au
crédit. L'offre de crédit par les banques est la clé pour la vitesse du développement technologique. Le
chapitre 4 indique que les régles d’'évaluation de la banque pour I'octroi de crédit ont une influence sur
la croissance quand il y a concurrence entre secteurs industriels. Le mode de formation des anticipations

des banques est de moindre importance.

I



0.2 Fondement

0.2.1 DL’activité économique et le marché financier

L'activité économique présente des cycles conjoncturels. Ce sont des phases récurrentes d’expansion et
de contraction. Leur origine provient de |'investissement: “on sait aujourd’'hui, grace a un demi-siecle
de comptabilité nationale, qu'en réalité, I'investissement détermine la plupart des mouvements de la
production totale.” (Ormerod, 2009, p.28, note on base de page no. 6.) Schumpeter (1942) note
que les fluctuations de la production sont une conséquence du changement technologique qui provoque
une réorganisation compléte de I'économie. Fisher (1930) et Keynes (1936) attribuent a la rareté de
crédit la responsabilité d'une chute de la |'activité économique. L'origine principale de cette rareté est
la variation du prix des actifs et un changement des préférences pour la liquidité. Les actifs perdent de
la valeur, d'oll une demande en hausse pour un tampon de sécurité et donc une contraction de I'offre
de crédit. Borio et al. (2015) renforcent cet argument en étudiant empiriquement la relation entre la
déflation des prix et de la production. lls utilisent un échantillon de 38 pays et de 140 années jusqu'a
2013 et trouvent que la déflation de la valeur du capital est réellement responsable de la décélération
de la croissance alors que la déflation des prix des biens a pas une influence significative. De plus,
Borio (2012) offre quelques faits stylisés dans ce contexte. Le montant total de crédit et la valeur du
capital varient conjointement de facon significative. Le cycle financier a une fréquence plus basse que
la conjoncture. En moyenne, la conjoncture dure 8 années et le cycle financier dure 16 années. Les
pointes du cycle financier correspondent aux crises bancaires. Enfin, I'écart crédit-output et I'écart de
la valeur du capital par rapport a la moyenne de long terme sont de trés bons prédicteurs des crises

financiéres.

La spéculation liée a des anticipations optimistes peut étre un avantage pour |'économie a court terme
quand elle finance les investissements réels. Dans ce cas, elle ne détourne pas les moyens financiers
de I'activité productive mais elle est néanmoins dangereuse. Méme quand les investisseurs agissent
d'une maniére rationnelle, un effet de levier excessif peut émerger parce que les investisseurs deviennent
optimistes a cause de I'augmentation des prix. Le ralentissement du marché financier peut provoquer une
récession (Minsky, 1970; Kindleberger et Aliber, 2005; Geanakoplos, 2010). Plusieurs crises financiéres
ont été suivies par une récession, par exemple le Vendredi Noir de 1929 ou la Bulle Dotcom de 2000.
La grave crise en 2007-2009 est le résultat des 'credit default swaps’ fondé sur des préts hypothécaires

dont la valeur s’est érodée. Par conséquent, le taux de défaut a brusquement augmenté et provoqué la

v



crise. La Bulle Dotcom a été provoquée parce que la technologie de I'information poussait vers le haut
les prix des actions (Dell’Ariccia et al. 2012). La crise des préts hypothécaires était d'abord une crise
du secteur financier, suscité par de nouveaux moyens d'allocation du risque qui ont produit un effet de
levier trop important (Semmler, 2011, pp. 244-245). Un ralentissement économique qui se transforme
en dépression est relié au secteur financier (Minsky, 1970). Jorda, Schularick et Taylor (2013) prouvent
empiriquement ces liens pour 14 pays et 140 années car les cycles accompagnés par la chute du marché
financier montrent des amplitudes plus accentuées. En comparaison de cette théorie des cycles produits
par le crédit, Perez (2009) développe la théorie des bulles comme résultat du progrés technologique,
fondée par I'observation de la 'Bulle Dotcom' dans les années 1990. Elle ajoute la bulle suivante, qui
était poussé par crédit et qui était terminé en 2007. Elle met en avant |'hypothése que la diffusion de
la technologie d'information a provoqué la bulle et aussi des attentes toujours grandissantes qui apres,

ont conduit a une utilisation de crédit énorme.

En complément de cette théorie des cycles guidés par le crédit, Perez (2009) développe la théorie des
bulles comme le résultat du progres technologique, fondée sur I'observation de la Bulle Dotcom dans
les années 1990. Elle la relie a la bulle suivante, qui était poussé par le crédit et qui s'est terminé en
2007 en mettant en avant I'hypothése que la diffusion des technologies de I'information a provoqué
la bulle mais aussi des anticipations toujours croissantes sur leur impact positif qui ont conduit a une

utilisation massive de crédit.

0.2.2 I’impact des transactions financiéres sur I’économie

Les relations possibles entre un exces de transactions financiére et |'économie réelle peuvent se réaliser
par les canaux d'offre ou de demande. Les profits des transactions financiéres peuvent influer sur “I'offre
de capital, la distribution et la production, et les relations internationales” (Richter-Altschaffer, 1931,
p. 230). La composition de la production est influencée si le pouvoir d’achat est détourné par la
spéculation (Richter-Altschaffer, 1931, p. 235). Néanmoins, I'impact de la demande est assez faible
car seulement les consommateurs riches détiennent des actions (Hardy, 1937). L'investissement peut
étre affecté négativement parce que “les transactions financiéres mobilisent les liquidités en circulation

et réduit le montant du crédit disponible pour les entrepreneurs pour financer de nouveaux projets
(Ibid). De plus, “I'atmosphére de panique pendant un crash boursier paralyse de nombreuses initiatives

entrepreneuriales” (Richter-Altschéffer, 1931, p. 238).



Les exces sur les marchés des valeurs mobilieres induisent des colits bas pour I'émission de nouveaux
actifs (Hardy, 1937). En fait, I'impact peut &tre amplifié quand “les effets psychologiques développent
I'esprit entrepreneurial et augmentent la possibilité d’émettre de nouvelles actions” (Richter-Altschaffer,
1937, pp. 237,238). La théorie de « le classement du picorage » sur le financement des entreprises
indique que la possibilité de financement par le marché est sous utilisée parce que le crédit bancaire est

la source majeure de financement (Mayer, 1990; DeHaan et Hinloopen, 2003).

De plus, quand les financements sont fournis par I'épargne, il y a un impact mineur sur les biens capital.
Quand on utilise le crédit, cet impact est plus sévere (Hardy, 1937). Magdoff (2006) insiste sur le fait
que si la dette est utilisée pour les transactions financiéres, cela n'a pas d'impact direct sur |'économie,
sauf pour l'effet de levier. A cause de l'effet limité sur la demande souligné par Hardy (1937) et
des preuves venant de la littérature sur la finance d'entreprise, nous nous concentrons sur le réle du

comportement spéculatif pour I'utilisation du crédit en finance d'entreprise.

0.2.3 Importance du crédit

Le financement de I'activité économique présente une grande variabilité a I'échelle mondiale. Aux
Etats-Unis la culture de marché prédomine et I’émission d'actions joue un rdle important dans le
financement des entreprises. En Europe le crédit bancaire est la principale source de financement (Allen
et Santomero, 2001). Mayer (1990) mentionne un petit nombre de caractéristiques universelles du

financement des entreprises.

1. L'auto-financement est la source majeure de financement.
2. Le crédit bancaire est la source majeure de financement externe.
3. Crédit bancaire est auto-financement sont corrélés négativement

4. Les petites et moyennes entreprises dépendent plus du financement externe que les grandes en-

treprises.

Ces observations sont confirmées par de nombreuses recherches empiriques. DeHaan et Hinloopen
(2003) analysent 153 entreprises néerlandaises et en déduisent un modéle des préférences en terme

de financement: [|'auto-financement est |'option privilégiée, devant le crédit bancaire, |'usage des
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capitaux propres et enfin I'émission d’emprunts. Marsh (1982) met en avant le fait que le choix entre

auto-financement et endettement a long terme est déterminé par I'historique de leurs prix relatifs.

Le processus d'offre de crédit a une forte composante informationelle. Le fournisseur de crédit doit
connaitre/évaluer la probabilité de faillite du débiteur. Cette évaluation est faite par un « rating » qui
inclue des informations financiéres mais aussi des informations plus qualitatives sur le débiteur comme
I'historique des relations entre le préteur et le débiteur (crédit relationnel). En vertu des accords de
Bale Il, les banques doivent utiliser un modeéle de rating (Reichling et al., 2007). Elles peuvent
établir ce rating de maniére autonome ou utiliser celui fourni par les agences de notations. Il y a de
nombreux points communs entre rating interne et rating externe. Cependant une différence importante
est I'utilisation d'information quantitative ou qualitative. L'information quantitative peut étre obtenue
a partir des comptes d’entreprise mais est uniquement rétrospective. Néanmoins, “La situation courante
de I'entreprise ne dois pas seule étre déterminante - |'orientation future de I'entreprise doit également
étre satisfaisante.” (Kremer et ten Hoevel, 1989, p. 122). Dans le but d'analyser la probabilité de
faillite, un modéle prospectif est nécessaire: “l'analyse de la probabilité de remboursement du debiteur
est une premiére étape nécessaire.” (Standard and Poor's, 2011, p. 5.) Il convient également d'analyser
des informations qualitatives , comme les perspectives du marché, la qualité de la direction ou la valeur
de la marque. Dans I'évaluation de I'avenir, il y a un élément speculatif inhérent et une large part de

subjectivité.

0.2.4 Modeéeles existants

Les modeéles a information asymétrique sont fondés sur I'idée que le crédit et les marchés financiers ne
fonctionnent pas sans frictions ainsi que le suggere I'observation empirique. Les processus de séléction
et d'évaluation des entreprises peuvent étre perturbés de telle sorte que les entreprises qui possedent le
plus de garanties survivent plutét que celles dont la situation financiére est la meilleure (Zingales, 1998).
Bernanke, Gertler et Gilchrist (1999) proposent un modéle d'équilibre avec frictions sur le marché du
crédit ou un mécansime d’accélérateur financier vient amplifier les chocs externes a I'économie. L'offre
du crédit est exogene et a équilibre le taux d'intérét payé par les entreprises décroit avec la valeur
du capital financier de I'entreprise. Quand cette valeur du capital est pro-cyclique, I'intérét payé est
anti-cyclique. A [I'équilibre, la surprime demandé par le préteur croit avec le risque et donc les colits

pour les entreprises augmentent dans les situations les plus tendues. Ce mécanisme amplifie le caractére
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cyclique du systéme.

Greenwald et Stiglitz (1990) développent un modeéle qui combine information asymétrique et aversion
au risque des entreprises. Dans ce cadre, les entreprises prennent en compte les risques associés aux
imperfections de |'information et agissent plus prudemment. Elles réduisent leur production. Les autres
entreprises sont affectées via [I'effet sur la demande et un mécanisme de transmission des chocs peut

émerger.

Pour analyser I'impact des frictions financiéres, les modéles d'équilibre a la Bernanke, Gertler et
Gilchrist (1990) ou Greenwald et Stiglitz (1990) doivent faire des hypothéses sur la solvabilité des
agents. Comme ils ne supposent pas des marchés de capitaux parfaits, les contraintes sur I'accés au
doivent étre déterminées par exemple par le montant des garanties offertes. Neanmoins, en pratique,
“la faillite peut intervenir sans que le débiteur est épuisé son potentiel d'endettement.” (Semmler, 2011,
p. 28. f.) Ainsi la faillite est essentiellement idiosyncratique. La théorie granulaire de Gabaix (2011)
montre qu'une faillite individuelle (ou un ensemble de faillites) peut créer des cycles de conjoncture
car la taille des entreprises est treés differente. Cela souligne la valeur limitée des modeles d'équilibre

dans notre contexte.

D’autre part, un certain nombre d'hypothéses formulées couramment dans les modeles d'équilibre sont
problématiques (Colander et al., 2008; Juselius et Franchi, 2007). Pour avoir des modéles avec
une tractabilité analytique, des éléments importants de la complexité inhérente aux comportements
économiques sont négligés, en particulier via I'hypothése d'un agent représentatif. On néglige ainsi des
caractéristiques importantes comme I'hétérogénéité et |I'émergence. L'émergence est une propriété des
systémes complexes soulignant le fait que le développement d'un systéme est différent du déveleppemont
de ces composannts individuels , comme l'illustre par exemple le théoréeme de Sonnenschein-Mantel-

Debreu (Colander et al., 2008).

On peut utiliser la modélisation multi-agents pour dépasser un certain nombre de ces problémes. Elle
utilise la simulation numérique afin de pouvoir représenter I'évolution de chaque agent d'un systeme
hétérogéne. Ma modélisation multi-agents permet de prendre en compte des propriétés des systemes
économiques comme |'émergence, I'incertitude radicale, la rationalité imparfaite des agents et la multi-
plicité des histoires possibles (Ormerod, 2009). L'émergence souligne les différences entre la dynamique
des individus et celle de I'aggrégat. D’'autre part, quand les individus font leurs décisions dans une

situation d'incertitude radicale (Knight, 1921; Keynes, 1921), I'évolution de leur décisions et donc celle
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de I'économie sont tres difficilement prévisibles . Enfin, il y a une grande variabilité des comportement
individuels . Ainsi, c'est la distribution des réactions des agents individuels qui constitue un équilibre
(statistique) plutdt que la réaction déterministe d’un agent representatif.” (Aoki et Yoshikawa, 2007).
Ces distributions exhibent des regularités empiriques des faits stylisés. Delli Gatti et al. (2007), met-
tent en avant 28 (!) faits stylisés. Ces faits stylisés peuvent &tre utilisés On peut valider les modéles

multi-agents.

0.3 La contribution de la these

La these s'intéresse a deux mécansimes observés lors des crises économiques récentes. Comme le capital
des entreprises sert de garantie pour le crédit, une augmentation du prix des actions, peut contribuer
a une utilisation de crédit plus élevée ou a |'effet de levier. Ce phénomene a été problematique durant
la crise de 2007-2009 (Dell’Ariccia et al., 2012). De plus, la spéculation sur le marché des actions peut
avoir un effet sur les anticipations dand I'économie réelle et finalement un impact sur le crédit et I'effet
de levier. La Bulle Technologique des années 90 a été nourrie par les technologie nouvelles et a induit

des anticipations d'un afflux constant de nouvelles possibilités (Semmler, 2011).

Dans le premier article, on s'intéresse a la problématique suivante: quelle influence |'augmentation du
prix des actions et les cycles boursiers peuvent exercer sur I'économie réelle via le canal du crédit ?
On s'intéresse ensuite a |'impact des anticipations sur I'évolution technologique quand le crédit est
le moyen de financement externe. Le deuxiéme article s'intéresse aux relations entre détermination de
I'offre de crédit et innovation. Le troisieme article reprend cette problématique et se focalise plus
précisément sur I'impact des processus de « rating » sur I'offre de crédit dans un modeéle avec plusieurs

secteurs industriels.

0.3.1 Fragilité financiere, mouvements boursiers et croissance

Cette premiere partie s'intéresse aux déterminants de I'effet de levier et de la fragilité financiere, et
de leurs liens avec les cycles de la conjoncture d'une part et les comportements du marché des actions
d’autre part. L'effet de levier peut favoriser la croissance de la production mais si la fragilité financiére

devient trop importante, les entreprises ne peuvent rembourser leur dettes et font faillite. Ce mécanisme
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peut provoquer des récessions (Minsky, 1970). Fragilité financiére, mouvements boursiers et croissance
Delli Gatti et al. (2005) développent un modeéle fondé sur le modéle d’accélérateur fiancier de Greenwald
et Stiglitz (1990). Leur modele pallie 3 deux désavantages du modéle de Greenwald et Stiglitz (1990):
d'une part il permet d'analyser la variabilité des situations financiéres des entreprises et d'autre part,
il prend en compte les interactions entre agents. Par ailleurs, leur modéle met également en avant les

liens entre distribution de la taille et distribution du taux de croissance des entreprises.

Dans ce cadre, le prix des actions peut avoir une influence sur I'effet de levier et la faillite. Deux
définitions de la faillite peuvent &tre utilisées : insolvabilité et illiquidité (Wruck, 1991). Dans le modéle
de Delli Gatti et al. (2005), la faillite intervient quand la valeur du capital financier est négative
(insolvabilité). En fait, quand les anticipations de revenus sont assez positives, |'entreprise peut &tre
illiquide mais pas insolvable. Ces anticipations peuvent varier entre les partis prenantee. Par exemple,
un créditeur peut considérer qu'une entreprise devrait étre mise en faillite alors que ses propriétaires sont
plus optimistes et refusent d'accepter la faillite. La crise financiére de 2007 est dite avoir son origine
dans un effet de levier trop grand (Roubini et Mimh, 2010; Admati et Hellwig, 2014). On évoque le
fait que les acteurs - en particulier les directeurs des banques - avaient des incitations biaisées parce
qu'ils profitaient des gains biens mais n'enduraient pas les conséquences des pertes (Roubini et Mimh,

2010; Admanti et Hellwig, 2014).

La contribution majeure de ce chapitre consiste en l'introduction d'un impact du prix des actions
dans le modele de fragilité financiére de Delli Gatti et al. (2005). Il y a trois canaux qui peuvent
transmettre cet impact: la détemination de I'offre de crédit aux entreprises, le processus de faillite et
la rémunération des dirigeants. Dans le premier cas, les banques prennent en compte le prix des actions
dans leur évaluation de la solvabilité des entreprises. Dans le second cas, quand les actionnaires ont une
évaluation élevée de la valeur des entreprises, ils peuvent refuser de déclarer la faillite et possiblement
convaincre les autres parties prenantes de continuer I'entreprise. Dans le troisiéme cas, la rémunération

des dirigeants dépend de la valeur des actions, ce qui peut influencer leurs choix.

Les résultats indiquent que les variations du prix des actions a un effet plus drastique sur I'économie
quand elles influencent le comportement des entreprises que quand elles influencent celui des banques.
Notamment les entreprises peuvent choisir, en fonction du marché des actions, des niveaux différents
de risque. En période de croissance, moins d'entreprises font faillite et c[3277]ela contribue a une prise
de risque plus imortante. La volatilité du prix des actions est aussi déterminante quand la rémunération

des dirigeant dépend du prix des actions. lls agissent alors t plus prudemment quand la volatilité est
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plus importante parce que leur rémunération est plus dure a prévoir. Aussi, le ratio de levier a un impact
sur les actions parce qu'il implique des probabilités de faillite différentes. Les directeurs d'entreprises
avec un effet de levier plus important beneficient de la volatilité parce qu'ils prévoient que les avantages

d'un accroissement du crédit surpassent |'accroissement de la probabilité de faillite.

0.3.2 Restrictions du crédit, dépenses de R&D et changement technologique

Il existe une large littérature empirique sur les effets des restrictions financiéres sur l'innovation. Ces
restrictions constituent un obstacle pour l'innovation et la croissance. Par exemple, elles peuvent
empécher les entreprises d'adopter d'une technologie plus performante (Mina et Lahr, 2013) ou altérer
le processus de la sélection (Bottazzi et al., 2006, 2010). On contribue a cette littérature en proposant
des résultats de simulations numériques sur |'importance respective de divers facteurs qui interagissent
dans le processus d'offre du crédit pour I'adoption d'une innovation technologique. On introduit pour
cela des restrictions financiéres dans le modele évolutionnaire de Nelson et Winter (1982) et on teste
I'impact des conditions du marché et du comportement des agents sur I'évolution a long terme. On
s'intéresse a plusieurs mécanismes: I'offre du crédit, le taux d'intérét, les regles internes de la banque

et les habitudes des entreprises.

L'offre de crédit et le taux d'intérét ont I'impact le plus drastique. Quand I'offre du crédit augmente,
I'économie peut se développer plus vite (les investissements en R&D ne peuvent étre fait qu'apres
les investissements en capital). Le taux d'intérét a un effet négatif parce qu'il augment les colit de
I'entreprise et cette derniére doit donc diminuer ses investissements en R&D. La banque détermine son

offre de crédit a partir d’'un modele de rating et fait une offre individualisée a chaque entreprise.

Les conditions de crédit sont déterminées principalement par la profitabilité et la part du marché de
I'entreprise. La profitabilité est un proxy du cash-flow et est utilisé pour évaluer la capacité de rem-
boursement. La part du marché est considérée comme indicateur du niveau de garanties (colateral) de
I'entreprise et devient important quand le cash flow ne suffit pas au remboursement. Quand la banque
attache un grand poids aux parts de marché dans son évaluation, I'économie va se développer plus
vite. En effet, I'évolution des parts de marché refletent plus directement I'innovation ou le potentiel
d’'innovation des entreprises. D’autre part, étant donné la prééminence des investissements en capi-
tal sur les investissements dans l'innovation implique que le comportement des entreprises est moins

important que celui des banques pour I'évolution de |'économie.
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0.3.3 Impact du processus d’évaluation financiere sur I’innovation dans un modele

évolutionnaire avec deux secteurs industriels

Ce modele est une extension de celui du chapitre précédent. Il part du résultat précédent selon lequel
les routines d'évaluation de la banque sont plus importantes pour |'évolution d'une industrie que le
comportement des entreprises. On étend ce résultat en améliorant la représentation du processus
de rating et en introduisant un deuxiéme secteur. Ce second point vise a représenter le fait que le
processus de rating est sous l'influence des normes de groupe (Altman et Saunders, 1998). Notamment,
I'accés au crédit peut étre influencé par |'appartenance sectorielle. En régle générale, les secteurs les
plus innovants de I'économie ne sont pas encore profitables mais ils ont de meilleures perspectives de
profitabilité. On prend en compte cette dimension en introduisant un nouveau processus de rating
qui inclut une composante prospective sur I'évolution du marché dans chaque chaque secteur. L'offre
de crédit est déterminée en confrontant le risque et les perspectives de croissance du marché. On
s'intéresse alors a I'influence des processus de rating sur |'évolution de chaque secteur et de I'économie

dans son ensemble.

Le processus de rating détermine les poids relatifs du cash-flow et des perspectives sectorielles dans la
détermination de |'offre de crédit. Le modéle considére deux secteurs, un de haute-technologie et un de
basse-technologie. L'offre de crédit aux entreprises dépend de leur profitabilité (par rapport a I'ensemble
de I'économie) et de leur part du marché (relativement au secteur). Quand la banque se concentre sur
le profit, le secteur a haute technologie va étre favorisé. Ce secteur a un avantage inhérent en matiére
de technologie. Il a donc un avantage en terme de profitabilité. Ainsi, quand la banque valorise |a
profitabilité, cet avantage est trés important. Quand la banque met son attention sur les informations
spécifiques a chaque secteur, elle s'intéresse au risque de faillite. Quand il y a plus des faillites dans
un secteur, la banque va réduire I'offre de crédit a ce secteur. Or, le progrés technologique accroit
la pression concurrentielle et ainsi le nombre de faillites. . Ainsi le secteur a haute technologie sera
défavorisé. Dans ce cas, les deux secteurs montent une évolution similaire et I'évaluation de la banque est
alors importante pour I'allocation du crédit. Quand le progres technologique induit un nombre important
de faillites dans un secteur, le secteur souffre d'un transfert du crédit vers I'autre secteur. Ce mécanisme
ne peut étre contrebalancé que lorsque les anticipations positives a propos de son progrés technologique
sont suffisamment persistantes. Dans ce cas, le crédit est diffusé au secteurde haute technologie malgré
les faillites. Cette persistance des anticipations apparait notamment si la banque utilise une formule

de formation d'anticipation avec retour a la moyenne. Dans ce cas, les développements positifs ont un
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impact plus persistent et permettent d'induire une allocation du crédit vers le secteur le plus innovant
sur le long terme. Ainsi, ce secteur peut se développer plus rapidement. A l'opposée, lorsque les

anticipations de la banque sont trop volatiles, I'effet des faillites domine I'allocation du crédit.

0.4 Remarques finales

Les trois chapitres s'intéressent aux liens entre les marchés financiers et I'économie réelle. Le premier
article porte sur I'impact des conditions de marché sur la dynamique économique. On examine ensuite
I'effet des restrictions financiéres dans les situations ol le progrés technologique peut induires des
anticipations trés optimistes et ainsi déclencher un boom d'investissement. La question centrale est

alors comment le progrés technologique impacte les restrictions financiéres.

Le premier article montre que le comportement des marchés d'action peuvent affecter I'économie réelle
par |'offre ou par la demande du crédit. L'impact via I'offre est plus faible. L'impact via la demande
est plus marqué. Dans ce cadre, les actions de la banque qui sont fondées sur un ensemble de regles
assez rigides sont moins sujettes a l'influence des marchés boursiers. Ces derniers ont une influence
plus marquée sur le comportement des entreprises. D'une part, les entreprises répondent aux cycles de
conjoncture boursiére et ces cycles se transmettent donc a la production. Ceci est due d'une part a
la corrélation induite par le modele entre anticipations positives du marché et prise de risque par les
entreprises. Respectivement, les entreprises sont affectées par les anticipations négatives qui peuvent

étre renforcées par une prise de risque trop importante.

Concernant la boucle de rétroactions entre anticipations du marché, financement de l'innovation (et
réalisation des anticipations), les effets a I'ceuvre sont peu importants lorsque les banques sont les seules
sources de financement externe et utilisent un mécanisme de rating simplifié. Cependant, dans le cas
général, l'innovation reste influencée par des considérations financiéres. Nous mettons en avant les
mécanismes a |'ceuvre en utilisant les variations du processus, notamment celles qui ont une influence
positive sur I'innovation. Premiérement, I'innovation est favorisé quand le rating se concentre sur
les parts de marché plutot que sur la profitabilité. Deuxiéemement, quand il y a plusieurs secteurs en
compétition pour I'accés au crédit, la concentration sur les informations spécifiques au secteur (risque
de faillite), le développement peut se trouver ralenti. Lorsque I'attention portée au risque est trop

importante, le potentiel d'innovation d'un secteur ne suffit pas a compenser le risque dans la prise de
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la décision de la banque.
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Chapter 1

Introduction

1.1 Motivation

Speculative behaviour is an inherent part of economic activity and can build up over time. “More
confident expectations of a steady stream of prosperity and of an increase in profits induce investors
to buy riskier stocks. Banks make riskier loans in this more optimistic environment. The optimism
increases and may become self-fulfilling until it evolves into a mania.” (Kindleberger and Aliber, 2005,
p. 37.) This statement addresses two aspects of speculation. First, speculation contributes to asset
price bubbles, for instance stock bubbles (Shiller, 1981; DeBondt and Thaler, 1985, 1987). Second,
speculation may develop over time as a result of prosperous economic activity. The statement by
Kindleberger and Aliber (2005) points out that speculation can also occur at the level of firm funding.
More than that, speculation can be a direct result of prior funding - it can be self-fulfilling. The reason
is the reflexivity of funding. Firms may be able to evolve better if they have access to funding. If they
do, the funding was justified ex post. As investment is financed externally to a large extent (Allen
and Santomero, 2001), the initial provision of funds may in fact be the very reason that the firm has
made profits at all. The impact of this reflexivity was pointed out recently by the German committee
for financial stability (Ausschuss fiir Finanzstabilitat). In its first report to the German parliament
about financial stability in Germany in June 2014, the committe stated that rent-seeking by financial
institutions in the aftermath of the financial crises of 2007 resulted in “easy access to funding also for

non-creditworthy firms and high emission volumes” (Deutsche Bundesbank, 2014, p. 8.). Furthermore,



this access in conjunction with financial risk at the housing market led to a “self-enforcing circle of
non-sustainable price development and increasing debt levels and looser credit granting standards.”
(Deutsche Bundesbank, 2014, p. 1.) The same self-fulfilling character is present after that optimism
vanishes and lenders realize that they have “too many risky loans. ...[T]hey become reluctant to renew
these loans... The lenders also raise credit standards for new loans.” (Kindleberger and Aliber, 2005,
p. 78.) This reflexive mechanism is even clearer for the stock market. Investors buy stocks because
they expect the price to rise while their demand is the very reason for a price increase thereafter. The
market propels itself (Kaplan, 2003). Market-wide speculation, or manias, means that the expectations
and the behaviour of the agents need to be aligned. Homogeneity in behaviour due to expectations
has already been introduced by Keynes (1936) who called the entrepreneurial outlook “animal spirits”
and later on Minsky (1970) acknowledged that in times of economic flourishing also optimism emerges
among the members of both parties, lenders and borrowers. According to Kindleberger and Aliber
(2005) speculation occurs in two stages. First, agents respond to shock in a rational manner. Second,
the anticipations of capital gains play an increasing role. That means that in an early stage investors
aim at earning interest from their investment and at the latter stage where speculation is predominant,
they aim at a return from reselling the principal. For a survey of the formation of expectations literature
in the economic context, please refer to Pesaran and Weale (2006).

Understanding the interplay between rising expectations of investors and hence their investing in projects
that are more risky seems to be crucial for dealing with large economic fluctuations.! This thesis
addresses the impact of speculation on the real economy. It focuses on the question how funding
behaviour that is influenced by speculation contributes to economic development over time. The thesis
addresses both possible sources: speculation at a financial market affecting the real economy as some
kind of spill-over. And it addresses speculation arising out of the real economy as result of reflexivity in
the financing process of economic activity. If credit is to a large extent a facilitator or a precondition of
investment then it is crucial to understand its role in the emergence or decline of business on the real

side of the economy.

This dissertation has three parts which also can be read as independent papers. The notation in each
part stands for its own. This work aims at deepening the understanding of the ramifications between
technological progress, expectations, funding constraints, and economic development. Therefore, an
agent-based framework is used which is able to capture the various feedback effects between respective

variables. We use computer simulations for carrying out the models since their complexity makes them

lCompare to Borio, 2012.



analytically non-solvable. The first part (chapter 2) explores how stock market frenzies influence the
economy's output patterns when firms' use of credit depends on the stock market valuation as well. The
second and third part (chapters 3 and 4) are intended to shed light on the emergence of technological
progress in the presence of possible financing constraints that depend on each single firm's prospects.
In both of the latter chapters, access to credit depends on the aggregate variables and on the relative

position of each single firm in its corporate environment.

The first paper (chapter 2) incorporates stock prices into a model of business cycles. Throughout the
entire chapter the bank lending channel is the transmitter of expectations to the real economy. Three
well-known channels of influence of these stock prices on the real market are studied: credit rating,
bankruptcy ruling and managerial compensation. The second and third paper focus on technological
advancement when there are credit shortages based on the credit rating outcome. The second paper
examines a single sector and identifies which parameters are most influential on the technological
progress in the long run. The third paper focuses in particular on the impact of variety in the credit
rating practice. The model is similar to the one in the second part but consists of two industrial sectors.
Those compete for credit while one sector is more likely to improve technology. Competition establishes

negative feedback of technological progress on credit supply for a sector.

Results in chapter 2 indicate that stock market dynamics have the potential to impact the business
cycle via firm expectations. Market-wide optimism and pessimism can transmit to amplified swings on
the business cycle because managers are willing to take different levels of risk. They derive their risk
assessment from the stock market mood. Also, if there are times of high volatility this can add some
severity in the amplitude of the business cycle.

Results in chapter 3 show that technological progress depends highly on the availability of credit. The
way banks provide credit and assess the creditworthiness of firms is a key determinant of the pace of
technological progress. Chapter 4 reveals that if there are competing sectors the bank routine is the

key determinant of the evolution while the particular way it forms its expectations is of minor impact.



1.2 Background

1.2.1 Economic Activity and the Financial Market

Economic activity is characterized by so called business cycles. Business cycles are recurring phases of
expansion and contraction in an economy. Business cycles are seen as being mainly driven by investment:
“[w]e know now, thanks to over half a century of national accounts, that in practice it is indeed the
fluctuations in investment which in general make the major quantitative contribution to movements in
total output over the course of the business cycle” (Ormerod, 2009, p. 28, footnote 6.)

Schumpeter (1942) points out that the fluctuations in output occur due to severe changes in technology
which trigger an almost complete reorganization of the economy. Fisher (1930) and also Keynes (1936)
attribute credit shortages to be a major source of declining economic activity. The main source of those
shortages is the changing value of asset prices and the liquidity preference, that is, the less valuable
assets become, the more demand for a safety buffer emerges and thus, the less credit will be circulating
(Minsky, 1970). Borio et al. (2015) strengthen this view as they investigate the connection between
price deflation and output growth empirically. They use a sample of 38 countries for a time span
over 140 years up to 2013 and find that asset price deflation is crucial for retarding output growth
while goods price deflation has a negligible impact. Furthermore, Borio (2012) characterizes stylized
facts about a financial cycle in this context. Credit and property prices co-vary significantly. Also, the
financial cycle has a lower frequency as the business cycles. On average, the business cycle lasts 8
years, while the financial cycle has double that length. Peaks in the financial cycle are closely related
to systemic banking crises and last, the credit-to-GDP deviation and the asset-price-deviation from

long-term averages are very good indicators for upcoming financial crises.

Speculation in terms of optimistic expectations can be beneficial for the economy at least in the short
run if investment is financed. In this case, it does not divert funds from productive activity but is
dangerous nevertheless. Even if investors are rational, excessive leverage can occur due to optimistic
outlooks fueled by rising collateral values which results in a boom-bust circle. If the financial market
is hurt along the way, the bust may end in a recession (Minsky, 1970; Kindleberger and Aliber, 2005;
Geanakoplos, 2010). There have been several financial crises followed by recessions for instance
the 'black Friday’ of 1929 or the 'dotcom-bubble’ of 2000. There was a severe crisis in 2007-2009
due to the subprime mortgage based credit default swap exposure where eventually, credit defaults

triggered the crisis. The 'dotcom-bubble’ occured because information technology drove stock prices



up (Dell'Ariccia et al., 2012). The subprime mortgage crisis was predominantly a crisis in the financial
sector, triggered by innovative risk sharing schemes leading to too much leverage (Semmler, 2011, pp.
244-245). A downturn in the economy taking the scale of a depression is linked to the financial sector
as “[a] necessary condition for a deep depression is a prior financial crisis.” (Minsky, 1970, p. 62.) This
statement is supported by empirical findings for 14 countries over more than 140 years where cycles
that involve financial market breakdowns show much more pronounced amplitudes (Jorda, Schularick

and Taylor, 2013).

Comparing to that theory of credit-driven cycles, Perez (2009) develops the theory of technology-pushed
booms, based on the observation of the dotcom bubble building up in the 1990s. She connects the
following credit-driven bubble which ended in 2007 with the dotcom-bubble by theorizing that both
are interrelated. The argument is that the diffusion of information technology created a boom with
ever rising expectations about the positive impact of that new technology. Those rising expectations

lead to massive increase in credit lending.

1.2.2 About The Impact of Stock Market Trade on the Economy

"The dispute about the importance of changes in the stock market revolves around their causal role
in economic fluctuation: Are they a source of variation in aggregate demand? Does the causation
run solely in the opposite direction? Or do the levels of economic activity and of stock prices simply
respond similarly to other, more basic, economic forces, with no direct causal link between the two?"

(Bosworth, Hymans, Modigliani, 1975, p. 257.)

The possible ramifications between excessive stock market trade and the real economy take place via
demand or supply impacts. Stock market profits are not merely paper profits as they affect “capital
supply, distribution and production, and international relationships.” (Richter-Altschaffer, 1931, p.
230.) The composition of production is affected if purchasing power is diverted to speculation. (See
Richter-Altschaffer, 1931, p. 235 ff.). Nevertheless, the demand impact should be rather small if only

wealthy people are stockholders in the first place (Hardy, 1937).



Investment can be negatively affected since the “turnover of stock does tie up means of circulation ...
[and] reduces the reserve of credit available to entrepreneurs for new productive enterprise.” (IBID.)
Furthermore, “[t]he panic atmosphere of crash lames many enterprising forces.” (Richter-Altschaffer,

1931, p. 238).

Booms in security markets also mean low costs of issuing new securities (Hardy, 1937). There might be
an even amplified impact since “effects... psychological in nature ... stimulate[] the spirit of enterprise
and increase[] the possibility for new stock issues” (Richter-Altschaffer, 1937, pp. 237,238). The
pecking order theory of corporate finance suggests that the potential of issuing securities might not be
used exhaustively as bank credit is the major source of financing (Mayer, 1990; DeHaan and Hinloopen,
2003).

Furthermore, if funds for buying those securities come from savings, there is a minor impact on capital
goods. If credit is used, it does have a more significant impact (Hardy, 1937). Magdoff (2006) points
out that if debt is used for financial transactions, this has no direct impact on the economy, except for
leverage. Because of the limited impact of the demand side outlined by Hardy (1937) and evidence from
corporate finance literature we focus on the role of speculative behaviour on credit usage in corporate

finance.

1.2.3 Relevance of Credit

The financing of corporate activity is subject to differences throughout the world. In the USA a market
based culture prevails and thus equity plays a huge role while in Europe the use of bank credit is the
most common source of funds (Allen and Santomero, 2001). Mayer (1990) points out that although

the financial systems differ severely across countries there are stylized facts about corporate finance:

1. Retained profit is the major source of financing.
2. Bank credit is the major source of external funds.
3. The relation between bank credit and retentions is strongly inverse.

4. Small and medium firms rely more on external finance than large firms.



Those findings are backed by other empirical studies. De Haan and Hinloopen (2003) examine 153
Dutch firms and find a clear pattern of financing preferences: most preferred are retained earnings,
followed by bank credit, equity and at last bond issuing. Marsh (1982) points out that the choice
between equity and (long-term) debt, for instance bonds, relies heavily on the past prices of those.
Furthermore, the choice seems to depend more on target debt ratios than on company size, bankruptcy
risk or asset composition. The persisting structure of funds also casts doubt about the Modigliani and
Miller (1958) model. They postulate that in a frictionless market the financial structure of a firm, that
is the source of funds, does not influence the value of the firm.

Basically, there are two competing explanations for the empirically observed financing structures: a
tradeoff theory where firms weigh the costs and risk of each source of financing and choose an optimal
composition, and a pecking order theory where there are hierarchies among the sources of funds. Graham
and Leary (2011) point out that both explanations have some explanatory power which empirically
depends on which samples are chosen and whether cross-sectional patterns or within firm financing
patterns are examined. For mature firms with a large share of asset value and low growth opportunities
the pecking order seems to fit very well while for other firms the tradeoff model fits directionally. Along
with the pecking order theory there seems to be explanatory power in the culture of the markets by
which financing methods would depend more on habit than on an extensive trade-off consideration

based on the costs of funding (Myers, 1983).

The process of granting credit involves the assessment of many pieces of information. The creditor
needs to know how likely it is that his loan is paid back. The evaluation usually takes the form of
a credit rating that includes not only hard figures but also more soft information about the debtor.
First of all this is his relation to the creditor and their commercial history. Banks need to provide
a rating of their debtors according to the Basel Il agreement (Reichling et al., 2007). They can do
ratings on their own (internal rating ) or rely on external ratings provided by rating agencies. There
are many commonalities between internal and external ratings and external ratings are usually used for
large companies above a particular threshold of market value. The crucial differences between pieces
of information used for rating are whether they are of quantitative or qualitative nature. Quantitative
information can be extracted from financial statements such as the balance sheet. Those pieces of
information are backward-looking. Nevertheless, “[a]n assessment that only includes the present must
not be decisive - the [firm's] focus on the orientation to the future must be satisfactory” (Kremer
and ten Hoevel, 1989, p. 122). In order to assess the likelihood of credit repayment, a forward

looking approach is necessary: “[a]ssessing an obligor’s resources for fulfilling its financial commitments



is primarily a forward-looking exercise.” (Standard and Poor’s, 2011, p. 5.) This can usually only
be achieved by assessing the available information qualitatively, such as market outlook, management
quality or brand value. There is an inherent speculative element in qualitative assessment. Furthermore,
it is highly subjective. Credit analysts tend to be less optimistic and give a lower rating than credit
advisors who actually want to sell the credit (Everling et al. 2009, p. 233 f.). Banks use ratings that
are to some extent standardized. There are however, differences in rating models in terms of which
model is used for processing the information into a default probability. For an overview, Crouhy et al.
(2000) report different approaches from four private companies. There is a rating on the probability
that a firms moves from one credit quality to another. Also, the option pricing model as well as an
actuarial approach are in use. Last, default probabilities based on macroeconomic variables are applied
as well. Furthermore, Reichling et al. (2007) focus on the sources of information that are actually used
by banks and rating agencies. Those are not only balance sheet and income statement information, but

also inquiries with the management or expert statements.

1.2.4 Modelling Approaches

Asymmetric information models rely on the notion that credit and financial markets are not frictionless
and thus the source of funding for firms does matter in contrast to the early theoretical approach of
Modigliani and Miller (1958). Empirical evidence however, suggests that if there are frictions, the
selection process might be disturbed so that not the financially soundest firm but that with the highest
collateral may survive (Zingales, 1998). Bernanke, Gertler and Gilchrist (1999) develop an equilibrium
model with credit market frictions where a 'financial accelerator’ amplifies shocks to the economy. Credit
supply is endogenous and in equilibrium firms pay less credit if they have a high value of collateral.
Since the collateral value is pro-cyclical the paid interest is countercyclical. In equilibrium, the lender
also requires a higher premium for more risk and thus firms pay most when being the most fragile.
This mechanism amplifies the cyclical behavior of the system. Greenwald and Stiglitz (1990) develop
a model that combines such an accelerator with information asymmetries and risk averse firms. In
their framework, firms take into account the risk associated with information imperfections and act
more prudent. They therefore reduce production. This affects demand facing other firms and thereby

transmits a shock to other firms.



In order to yield results about the impact of financial frictions however, equilibrium models a la
Bernanke, Gertler and Gilchrist (1999) or Greenwald and Stiglitz (1990) rely on some assumption
about the solvency of the agents. Even if they do not assume perfect capital markets, the borrowing
constraint must be assumed for example by collateral assumptions. In practice however, “insolvency of
the borrower can arise without the borrower moving up to his or her borrowing capacity.” (Semmler
2011, p. 28 f.) This means that actual bankruptcy is highly idiosyncratic and, in conjunction with
the granular theory, it does matter who is bankrupt in order to determine the effect on the macro
economy. Gabaix (2011) establishes the granular theory and shows that idiosyncratic bankruptcy
shocks can trigger business cycles, depending on which company is actually affected by the shock.
The limited use of equilibrium macro models is also put forward because of their empirically not
justifiable underlying assumptions (Colander et al., 2008; Juselius and Franchi 2007). In order to be
analytically tractable important characteristics of the inherent complexity of economies are neglected
such that it is assumed that the fate of any single individual is the same as that of the entire economy.
Nevertheless, this is a problem since this defies heterogeneity and emergence. Emergence states that
the behavior of the aggregate system is different from the behavior of its single components as the
Sonnenschein-Mantel-Debreu aggregation problem already suggests (Colander et al., 2008). A way
of coping with this shortcoming is the use of so called agent-based models. Those rely on computer
simulation of a multiple-agents setup where the development of each individual agent can be tracked

as well as the evolution of the aggregate system.

There are some features of economies that agent-based models promise to be able to deal with which
equilibrium models cannot: emergence, low level of predictability at a point in time, limited cognition
of individual agents and multiple possible histories (Ormerod 2009). Emergence deals with differences
in individual dynamics and aggregate dynamics. Since agents make decisions in situations of genuine
uncertainty (Knight, 1921; Keynes, 1921) the path of evolution of their decisions and thus the entire
economy is hardly predictable, especially since -due to the behavior- several outcomes are possible.
Furthermore, "micro behaviors of individual households and firms are very diverse. Thus, we have
distribution of responses by microeconomic agents as an equilibrium rather than a unique response by
a representative agent.” (Aoki and Yoshikawa, 2007). Such distributions, if observed in many empirical
data examinations are deemed to be stylized facts. Delli Gatti et al. (2007) summarize 28 (!) stylized
facts of economic features. Agent-based models can be 'validated’ by their ability to replicate those

facts.



1.3 Contribution of the Thesis

The thesis addresses two features of recent crises. An increasing collateral value, for instance rising asset
prices, may lead to increasing usage of credit and leverage. This has been a problem in the 2007-2009
crisis (Dell'Ariccia et al., 2012). Furthermore, speculation at the stock market may have an impact on
expectations in the real economy and thus an impact on credit and leverage. The technology bubble
in the 1990 was fueled by new technology and rose expectations about a bright future of the economy
with ever new possibilities (Semmler, 2011). We address the question to what extent asset prices and
boom-bust periods can impact the real economy via credit in the first paper. We also want to address
the question to what extent expectations can contribute to the actual advancement of technology when
credit is the source of external financing. The second paper addresses this question by focusing on the
determinants of individual credit supply and their impact on technological progress. The third paper
focuses on the way credit ratings are conducted and its impact on credit supply on firms in different
industries who compete for bank credit not only with firms in their own sector, but also with firms in

the other sector.

1.3.1 Stock Price Related Financial Fragility and Growth Patterns

This part addresses how the mechanism of building up of leverage and financial fragility leading to
business cyles is affected by stock price patterns. Leverage can boost output but if financial fragility
is too high, firms cannot meet their due liabilities and go bankrupt. This leads to recessions (Minsky,
1970).

Delli Gatti et al. (2005) develop a model based on Greenwald and Stiglitz's (1990) financial accelerator
approach which remedies two shortcomings of the financial accelerator model: the dynamics of the
variance of financial positions can be analyzed and there is interaction between agents. Furthermore,
they show that for instance, the distribution of firm sizes is responsible for the distribution of firm
growth rates and that the changing network due to interaction of firms is what contributes to business
cycles. Battiston et al. (2007) use such an approach to identify the impact of the structure of firm

networks has on the likelihood that firms go bankrupt.

The build up of leverage and the point of bankruptcy are possibly affected by stock prices. The
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definition of insolvency offers two possible cases, either stock insolvency where the value of all assets is
insufficient to honour the debt that is due, or flow insolvency where the current cash-flow is insufficient
to cover the debit currently due (Wruck, 1991). In the model of Delli Gatti et al., bankruptcy occurs
whenever net value is negative, which is the same as stock insolvency where net productive capital is
less than bank debt. When the cash-flow expectations are taken into account, the current net value
might still be negative, but due to the positive expectations, the present value of those expected
cash-flows might lead to an overall positive assessment of the firms long-term value. In such a situation
we observe insolvency but no bankruptcy. The importance of those expectations is that they first
might differ among stakeholders and some might claim that the future earnings are quite meaningless
while shareholders, for example, might tend to claim that optimism is reflecting the situation more
accurately. The importance of those different expectations is discussed in more detail in Wruck (1991).
The recent financial crisis brought forward a notion that its roots lie in parts in a too low capital
buffer, that is too much leverage (Roubini and Mimh, 2010; Admati and Hellwig, 2014), which follows
Minsky's view but also that there were caveats due to information asymmetry and moral hazard. It
is stated that especially bank managers had wrong incentives to conduct business because they could
reap the benefits of successful business but would not suffer any losses (Roubini and Mimh, 2010;

Admati and Hellwig, 2014)

The main contribution of this chapter is to introduce feedback from stock prices into the model of
financing constraints and growth. There are three ways of known feedback channels under examination:
credit rating, bankruptcy determination and managerial compensation. Banks take the stock price into
account when they process information in order to assess the creditworthiness of firms and thus take
advantage of information that stock investors might possess. In bankruptcy processes all stakeholders
can file for bankruptcy. If the stockholders value an insolvent firm very high, they might be unwilling to
file for bankruptcy and convince other stakeholders to let the company go on. Third, managerial com-
pensation relies often on granting stocks or stock options. Thus, managers are interested in pushing the
stock market value of a company as high as possible. This might affect their choices. The second and
third channel are examined for the impact of the random stock price on the model dynamics while they

are compared with a scenario where a boom-bust cycle represents speculative influences in a stylized way.

Results of the models show that stock market features have a higher effect on the economy when
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transposed through firm behaviour than by bank behaviour. The reason is that the bank evaluates
the firms relative to each other and therefore, market wide patterns do not affect the bank decision
too much. Firms however, take different levels of risk, depending on the stock market. In boom
times they are less likely to be declared bankrupt and that contributes to higher risks being taken.
Also the volatility can play a role if the management is compensated partly in company stocks. The
stock market volatility adds to the swings in the real economy. The managers act more sensitively
when the volatility is high because price swings are expected to be more severe and their payoff is less
forecastable. Furthermore, the leverage of a firm does impact how the managers react on stock price
swings because they face different probabilities of bankruptcy. Managers of highly leveraged firms do
benefit from volatility because they expect the benefits from further credit to outweigh the increase in

the bankruptcy probability.

1.3.2 Credit Constrained R&D Spending and Technological Change

There is empirical literature on the effects of financing constraints on innovation. Those constraints
are identified as obstacles to innovation and economic growth, for instance because they prevent firms
from implementing better technology (e.g. Mina and Lahr, 2013) or disturb the selection process
(e.g. Bottazzi et al., 2006, 2010). We contribute to this empirical literature by providing experimental
insights on the importance of different interacting factors in the credit granting process for the successful
promotion of technology. We introduce financing constraints to the model of evolutionary innovation
by Nelson and Winter (1982) and test for the impact of market conditions and behaviour of agents on
the long-run development. Several conditions are tested for their impact on the economy: credit supply,
interest rate, bank policy, and firm behaviour. Credit supply and the interest rate as exogenous market
conditions have the most distinct impact on the evolution of the economy. The higher the credit supply,
the better the economy will evolve as it can finance R&D on top of investment and successfully apply
better technologies. The impact of credit supply is non-linear. The interest rate has a negative effect
on the evolution of the economy as it constitutes costs for the firms which cuts into their profitability
and thus the ability to finance investment and R&D.

The bank provides credit to the firms based on a rating process that supplies each firm with a different
share of total credit supply. This process takes into account the relative profitability and the market
share of each firm. The profitability is a proxy for cash-flow and the ability to repay the credit. The

market share is a proxy for collateral which is important if the cash-flow is too low for repayment.
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When the bank focuses on market share the economy evolves a bit better than if the focus is on
profitability. Firms exert competitive pressure through their technology and through their size.

The firms adaption of R&D effort based on profitability has only a distinct impact if there is credit
abundance. Otherwise credit constraints induced by the bank overshadow any firm policy as R&D can

only be conducted if investment demand has been fully met.

1.3.3 The Impact of Credit Rating on Innovation in a Two-sector Evolutionary

Model

This model builds on the model developed in the second paper (chapter 3). It takes up the result
that bank behaviour matters more than firm behaviour in the evolution of an industry. This result is
developed further by establishing a more sophisticated credit supply policy and introducing a second
sector in the economy. The second refinement refers to the fact that accounting based rating is
subject to group norms (Altman and Saunders, 1998). That means that for access to credit it matters
in which industry the firm is doing business. Usually, innovative sectors are not yet profitable but
have the highest return potential. We account for that by the extended credit policy which will take
expectations about the sectoral productivity differences into account. There is a tradeoff between risk
and prospects that drives access to credit.

We ask how much does the particular characteristic of weighing the pieces of information in the credit
decision matter? And furthermore, how much do expectational characteristics matter in the overall

decision?

The bank policy that determines whether profits or sector-specific firm features matter more has a
distinct effect on the evolution of the economy. There are two sectors, one high-tech sector and a
low-tech sector. Firms are evaluated in relation to the entire economy based on their profitability and in
relation to their competitors based on market share. The more the bank focuses on the profitability and
hence on an economy-wide perspective, the better the high-tech sector will evolve. It has an inherent
advantage in its higher probability of finding better technology. This adds to a profitability advantage
compared to the low-tech sector. If the bank only cares about profitability the advantage is the most
distinct. By taking into account sector-specific information the bank accounts for bankruptcy risk. If

there are more bankruptcies in one sector the bank will reduce the supply of credit to this sector. As
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bankruptcies are a direct result of innovation success due to competition, the high tech sector cannot
benefit too much from its inherent advantage as the bank focuses on the bankruptcy risk. In a case
where the bank does only focus on sector-specific information, both sectors evolve similarly and the
high-tech sector has only a slight advantage that will take much time to unravel. Also, the low-tech
sector will grow more compared to a profitability-based credit policy because it gains access to credit
due to its low riskiness.

The bank's expectations have an impact on the allocation of credit between the sectors. As technological
progress always leads to more exits in a sector it hereby also suffers from credit shifted away to the
other sector. This can only be overcome if the expectations about a sector are positive for a longer
period of time. In this case, credit is shifted to the successful sector despite the risk of bankruptcies.
This persistence in expectations is given if the bank follows a mean-reverting forecast rule. Then
positive developments in one sector influence the rating long enough to contribute to an allocation that
repeatedly shifts a little bit more credit to the innovative sector and thus supplies it enough to allow
for a distinct growth path. If the bank changes its opinion according to short-lived advantages the
allocation will not be directed to the more successful sector because then the bankruptcies impact the
credit decision more.

There is no distinct impact on aggregate output and concentration because the credit allocation plays

only a minor rule in the credit granting process.

1.4 Lessons From the Three Chapters

The three chapters of this dissertation tackle links between financial markets and the real economy
in both directions. The first paper addresses the impact of large mood swings of stock investors on
economic dynamics. Since technological progress can spur optimism or even manias and trigger large
investments the impact of financing constraints on technological progress was also explored. A key
feature within that relationship was that technological improvement feeds back to financial constraints.
The first paper shows that stock market features can impact the real economy because of banks’ credit
supply or because of firms' willingness to pay for credit. It has a minor effect via bank behaviour:
the allocation of credit is influenced but the persistence of the effect is meager. Firms' behaviour
has a much more pronounced impact. Banks behaviour is embodied in a set of rules and information
so naturally, there is less space for speculation in the decision. For firms the decision is much more

exposed to speculative influences. We see in the first paper that when firms react on boom-bust
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periods the output shows extreme boom-bust patterns as well. When firms react on volatility they
take higher risks. As the downside risk plays a role as well, over time there are some more pronounced
fluctuations in volatility but no extreme reactions.

Concerning the question how speculative frenzies can build up via financial links and produce innovation
which itself is a driver of speculative expectations, we find that it has only a slight impact when
rating-bounded banks are the only source of external funds. In general, innovation is affected by
financial considerations. We use a rating process to explore the impact of financial constraints with
positive feedback on innovation. First, innovation is more likely to happen if the rating focuses on
sector-independent features. We find that this holds true for various forms of firm behaviour.

Second, if there are several industries competing for credit the focus on industry specific information
can hinder innovation. Even if the prospects of a particular industry are good, this does not suffice
to boost innovation if the risk along with it also enters the credit decision. As long as the risk in an
industry plays some role, positive expectations do not count enough to offset this risk which emerges

from the very positive evolution of the industry through competition.

Chapter 2 shows that when there are huge expectational deviations like those present in speculative
manias, those transmit rather by firm behaviour and banks do not play a major role. Chapter 3 and 4
show a complementary picture. In the evolution of differences among firms it is the bank's behaviour
that has the most impact. Its expectations play a minor role but its behavioural regimes are highly
decisive. Therefore, it is the banks who can seed speculative frenzies but most probably, it takes other

agents as well to have them turn into manias and speculative bubbles.
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Chapter 2

Stock Price Related Financial Fragility

and Growth Patterns

2.1 Introduction

Economic fluctuations and boom-bust patterns in asset prices occur sometimes in conjunction while
crises in financial markets can turn economic contractions into recessions (Minsky, 1970; Kindleberger
and Aliber, 2005; Bordo and Lane, 2013). This chapter aims to explore the possible causal contributions
of asset prices to economic performance by asking which effect do stock prices and their patterns have
on output via the supply side? The model focuses on bank credit as the channel that transmits changes
in stock prices to the real economy. This focus on bank credit is based on two observations: firms
finance a significant part of their business by relying on external sources of funds (Graham and Leary,
2011) and, although financial systems differ around the world, credit is an important external source of

funds (Allen and Santomero, 2001).

Stock prices are part of the financial market. Nevertheless, they are likely to affect real market activity.
Their impact might be so severe that they cause financial market breakdowns and recessions (Minsky,
1970). “There are four channels through which stock prices can be considered to affect [real] activity:
(1) the wealth effect on consumption, (2) the Tobin's Q effect on investment, (3) the balance sheet

effect on private spending (via the credit channel) and (4) the confidence effect on private spending.”
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(Altissimo et al., 2005, p. 4.) In academic research, effect (1) has been studied the most while also
channel (2) got some distinct attention. The other channels are usually not pointed out separately
(Semmler, 2011). Many early papers focus on the role of increased (perceived) wealth in times of stock
market booms as source of increased consumption which establishes the link between stock markets
and the real economy. By this concept, the stock market leads the dynamics of the economy (Semmler,
2011). More generally, the distinction between asset prices and the financial market is in order. While
it is shown that asset prices indeed contribute to the real economy, for instance via investment in
owned houses (Higgins and Osler, 1998; Semmler, 2011), the link between other assets, traded on the
financial market like bonds or stocks is less proven. Nevertheless, stock prices are a good indicator for
following investment (Barro, 1990). Morck et al. (1990) examine three theoretic transmission channels
by econometric analysis. The first one does see the managers responding to the stock price as source of
information on future economic fundamentals like aggregate demand. The second theoretical link states
that stock prices affect the cost of external funds and the third link is about pressure on managers by
stock investors. This pressure leads them to respond for instance to low stock prices which comprises
the threat of a hostile take-over. Morck et al. (1990) use idiosyncratic sentiment differences but also
focus on market-wide correlated sentiment. They find that idiosyncratic differences across stock prices
are not held up by the empirical evidence for all of the three theories. If investors' sentiment is correlated

market-wide their evidence is able to support only the first theoretical link.

In this paper stock prices fluctuate due to real activity but also due to exogenous random deviations
on top of that. The paper builds upon a model of Delli Gatti et al. (2005) where excessive leverage
in credit financed production may cause bankruptcies. The paper shows that collateral based credit
granting may contribute to model output dynamics that exhibit features of real world output dynamics.
Also, firm sizes and their growth exhibit patterns which match empirical regularities. The model is
agent-based and therefore allowing for enough flexibility to incorporate multiple scenarios about stock
market changes. In this paper there will be three variations of the model carried out by computer
simulation using the software Wolfram Mathematica. Two of the three model extensions comply
with the original paper as it is a special case of the extended model. Therefore, the original model will

serve as a benchmark case. The third variation is only slightly different and exhibits similar dynamics.

The first influence is that the way credit is granted is depending on the stock prices. When banks
estimate the creditworthiness of borrowers they also refer to the stock price as piece of information.

Secondly, firms in financial distress might be subject to restructuring and thus survive in cases where

17



the stock market does evaluate its future prospects rather optimistically. The third influence is that
managers may act in response to the stock price if their payment is also dependent on the stock price.
This influences risk taking. The question addressed is to what extent stock prices have an impact
on firms' dynamic and output via those various channels? The analysis will be based on comparing
scenarios with varying levels of crucial behaviour parameter values to the baseline case where stock

prices do not play a role.

This paper contributes to the investment literature by dealing with the influence of stock prices on the
investment behaviour of firms (see ECB, 2013; Ormerod, 2009; Morck et al., 1990). Due to the agent-
based structure it can add further insight to the impact of firm level financing to aggregate growth. It
relates to Minsky's (1970) approach of leverage and financial fragility due to credit and investment that
causes single failures feeding back to the rest of the economy. This two-sided relationship is not greatly
covered in classical macroeconomics: “[m]oreover, it is worth noting that in the stochastic growth
model there is only a one-sided relationship. Real shocks affect stock prices and returns but shocks to
asset prices - or overreaction of asset prices relative to changes in fundamentals - have no effects on

real activity.” (Semmler, 2011, p. 82.)

The results show that all channels do have a significant impact on the dynamics of the firms and
total output. If banks take the stock price into account for their credit offer, this leads to a more
similar evolution across firms because leverage does pay off less for them. Therefore, financial health
gains a higher importance and this induces more persistence in firms’' differences where the pace of
growth is comparatively lower. If stock prices matter for legally declared bankruptcy a high bargaining
power of shareholders is of almost no effect if stock prices are uncorrelated. If stock prices have a
boom-bust pattern the real economy shows correlating patterns over time because all firms act on
those prices simultaneously. In the last scenario, where managers react on the stock price, they behave
ambivalent: in highly leveraged companies they increase capital demand due to a lower expected
remuneration. This is caused by a high bankruptcy risk that makes payment less likely. In healthy
firms managers reduce risk by demanding less capital and acting more prudent. Managers of highly

leveraged firms have a small downside risk as their payoff is expected to be less certain in the first place.

In the economic literature formal approaches to the causes of crises in economic activity linked to

financial market range from failure propagation approaches in networks (Battiston et al., 2007) to
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asymmetric information concepts (Stiglitz and Weiss, 1981). The particular mutual dependency of
credit obligations between -in general banks and firms, but also among firms and banks themselves -
might contribute to an amplification of failures. Not only is the effect of idiosyncratic failure of different
effect on an economy as Gabaix (2011) points out in his granular model, but the connectedness of
economic agents might lead to contagion. Gabaix (2011) shows that it matters which firm is hit by
a shock or a crises for the economy, for instance due to the firm size a shock to major players like
General Electric might influence the economy more than foreclosure of the neighborhood grocery store.
He shows that the empirically proven power law distribution of firm sizes can propagate idiosyncratic

shocks in a way such that business cycles emerge (Gabaix, 2011).

According to the Basel Il regulations banks need to have their credit engagements rated. They can
do this themselves (internal rating) or hire some rating agency to do it (external rating). Ratings will
be done using a mix of information consisting of quantitative and qualitative information (Reichling
et al., 2007). To the best of our knowledge, there is no literature that assesses the impact of rating
strategies at an economy-wide scale. Literature dealing with rating methods is concerned about the
predictive accuracy of the method as this is crucial for practitioners such as banks or rating agencies.
For instance, Altman coined the "Z-Score" as a bankruptcy predictor (Altman, 1968). This approach is
used in many refined ways so that rating agencies and banks have their own slightly different methods
of rating (Altman and Saunders, 1998; Crouhy et al., 2000; Reichling et al., 2007). Our approach deals
with the impact of actual customs at financial markets in an economy-wide context. We motivate our
analysis with rating methods that comprise stock market valuations as piece of qualitative information

(Crouhy et al., 2000; Reichling et al., 2007; Standard and Poor’s, 2011).

As the legal processes are a major source of political risk in any country the respective bankruptcy
laws are important for investment decisions. In our model the degree of the transmission of stock
price variation is the main mechanism propelling output fluctuations. The impact of bankruptcy law
on business cycles is addressed by Suarez and Sussman (2007). They find that more firm friendly laws
(“soft laws"), that is a higher chance of not being declared bankrupt, has a possible adverse long-
term effect. While more firms continue to exist in the short run, lenders may require higher levels of
collateral in the long-run which diminishes growth. Their idea of soft laws is based also on shareholders’
bargaining power which is the transmission channel of stock prices in our model. In a simpler argument

Lee et al. (2007) point out that soft laws may be beneficial as they promote a larger variety of firms.
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They deem this desirable for the society. In a general equilibrium context, modest levels of bankruptcy
punishment can be beneficial because they make both, creditors and lenders better off (Dubey et al.,
1995).

Our results indicate that the law is of minor effect if the firms are affected idiosyncratically by stock
prices. If there is correlation among stock prices, for instance through boom-bust cycles, a firm friendly
ruling would also result in extreme variations and business cycles. Those come however, with no long
term growth in the model because there is no further equity injected. Therefore, in the presence of
boom-bust cycles at the stock market we would recommend a bankruptcy law that is not too firm

friendly.

The compensation of managers can actually consist of several components. Besides from the salary
there are performance based payoffs that serve as incentive for the managers. This incentive can differ.
Bryan et al. (2000) point out that for instance, granted stocks may lead to more prudent behaviour
while stock options might increase the risk taking. This is due to the different payoff structure which
is linear in granted stocks but not in stock options where managers do not bear the downside risk.
There is a recent debate as to cap the bonuses of bank managers since wrong incentives have been
deemed to contribute in the financial crisis of 2007. As a result, the European Union [EU] passed a law
with effect of January 1, 2014 that effectively limits the bonus payments of bank managers to 100%
of their fixed salary. (EU, 2013: Article 94,1,g,(i) and (ii)). Managers in the United Kingdom even
face a claw-back rule put into effect from January 2015 on. According to that, they can be forced
to pay back bonuses over a period of seven years after their awarding. This is a form of ex post risk
adjustment in order to “align better the interests of staff subject to the Remuneration Code with the
long -term interests of the firm.” (Bank of England, 2014.) In the model the bankruptcy costs are
taken into account by the managers since they suffer from the termination of their contracts. If there
is only fixed salary, they loose only their salary which matches with the cost concept of Delli Gatti et
al. (2005). However, if part of their salary is also granted stocks in a performance based remuneration
scheme, there might be also a loss positively related to the current stock price.

Our model results indicate that there is a complex impact of performance based compensation. For low
levels (share is below about 1/2) any increase does hardly increase output but causes a higher interest
rate. However, for a share above 1/2 a further increase does increase the interest rate only marginally
but boosts output. Policy advise is therefore depending on the current level of performance based
compensation and on the particular issue that should be promoted. In comparison to the EU law this

means that it makes sense to hold the managers accountable since this induces sensitive behaviour. If
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managers behave sensitively, volatility cycles at the stock market do not harm the economy very much.

The paper is organized as follows: section 2.2 gives an overview of the model. Then, the impact of
bank policy is introduced in section 2.3. The impact of different bankruptcy circumstances is discussed
in section 2.4 and last the impact of managerial behaviour with respect to stock prices is examined in

section 2.5. Section 2.6 discusses the results.

2.2 The Model

The model is based on work of Greenwald and Stiglitz (1990, 1993) and subsequent work of Delli Gatti
et al. (2005). A core feature is that firms' managers act in a risk averse manner because bankruptcy
of the firm is costly for them personally. Credit financing and leverage exposes the firm to financial
fragility. Therefore, they take possible bankruptcy costs into consideration when they use bank loans
for financing desired production. The use of credit drives the economy and has an ambivalent impact
which induces fluctuations: a higher amount of credit increases leverage which possibly induces higher

profits and growth but at the same time also increases financial fragility.

Bankruptcy is costly for the management first of all due to the loss of salary but also the loss of
reputation and further reemployment might become more difficult. A further assumption is that the
costs of bankruptcy increase in firm size because usually there are more managers involved in large
companies (Greenwald and Stiglitz, 1990). Greenwald and Stiglitz also point out that financial distress
can occur in different ways and does not always lead to bankruptcy (Greenwald and Stiglitz, 1990,
p. 17, footnote 5). While for the company financial distress does not automatically mean the end of
the firm, usually one of the first measures undertaken in such situations is to replace management.
Therefore, as soon as there is financial distress, managers most probably suffer from a monetary loss
which is at least foregone salary. The issue of financial distress and bankruptcy is incorporated in the
model by Delli Gatti et al. (2005) in the simple way that financial distress automatically leads to the

liquidation of the firm.
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2.2.1 Baseline Setup

We first recall the model introduced by Delli Gatti et al. (2005). We add equity and stock prices in
section 2.2.2. Other extensions are presented in the following sections. Net worth of a firm i at time ¢,
that is in general assets minus liabilities due in 7, is denoted A;. This notation refers to the net worth
at the end of period ¢. It consists of the net worth at the end of the prior period plus net profits from
the current period. Often, this net worth is also referred to as "equity". If the firm has not issued any

shares, net worth is the same as the sum of all retained profits up to the end of period t.

A=Ay 1+ 2.1)

Assume that the firms transform financial means into productive capital without any costs. Productive
capital Kj; is then the sum of net worth taken over from the prior period A;_; and credit taken in the

current period, Lj:

Ki=A; 1+L; (2~2)

Output Y; is produced by applying constant returns to scale ¢ to productive capital:

Yy = ¢Kit (2.3)

Profit depends on the price u; that applies to the output and the costs for setting up capital which
consists of retooling costs g > 0 and rental costs for capital r;. Assume that the costs for credit and

the real return to capital are the same and apply hence to the entire stock of productive capital:

Ty = up OKiy — grisKis (2.4)

with u; being random and uniformly distributed with support between zero and two. Therefore, E[m;] =

(¢ —gri)Ky. A firm is bankrupt when its assets are insufficient to repay the debt at the end of a period:

Air <0. 2.5)

This condition states that a firm whose equity (net worth) is below zero will be dissolved and leaves the

economy. It is assumed that firms can sell their products at a market isolated from all others ("islands")
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and that they can sell their entire production. Nevertheless, they face uncertainty in the price u;; which
is unique on each island and period. This approach is in line with the fact that a lot of financial distress
stems from defaulting customers (Reichling et al. (2007), p. 223). Therefore, the random price which
yields a random revenue can also be interpreted as the share of sales that is actually paid for. Taking
into account the bankruptcy condition and equations (2.1) and (2.4), the price that just sustains a firm
is

grie  Air—1

Wy ==~

() K¢

(2.6)

Assume that the costs of bankruptcy depend on the size of the enterprise in the form ¢/ = c¥? with
¢ > 0 being a constant. Assume further that managers take into account these costs of bankruptcy
when deciding about the demand for capital in each period. They base their decision on the expected

profit

T = (¢ —gru)Ky —E(c/) 2.7)

while the expected costs of bankruptcy IE(c/) are determined by the probability of bankruptcy
Prob(BR) = Prob(u; < uy) = uy/2 for u ~ Uniform[0,2]. Demand for capital is the result of
the maximization of expected profit. Using the first order condition and solving for capital yields
Kle = % + 3;—;;. Credit demand is the difference between demand for capital and retained profits
LY =K? — Ay, yielding

1 c
Li= charn <2¢Air1 (1—2gry)+¢ _grit> . (2.8)
L

The banks' profit (r?) depends on the revenue from loans granted minus the costs of raising those

funds from equity Eﬁl and deposits D,_:

nf =Y rLy, —7[(1 - 0)D_ +EF ). (2.9)
iEN;

Here, @ describes the degree of competition within the banking sector and is a measure for the mark
up the bank can charge on interest above deposits. The interest paid on deposit is 7, (1 — @) where 7, is
assumed to be the weighted average lending interest rate. When a firm goes bankrupt at the end of a
period, the banking sector as a whole suffers a loss equal to the difference between the amount of credit

supplied in period ¢ and the relative mortgage (value of assets), which is the same as the (negative)
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amount of net worth: By = Ly — (Kj; + ;) = —Aj;. The banking sector's equity base evolves according

to the law of motion:

Ef=n’+El - Y B (2.10)
ie Oy

Here, (), is the set of all bankrupt firms in period t. The bank lends a multiple of its prior equity
base according to some multiplier L] = %E,B_l which is based on regulatory constraints. Credit supply
emerges from the banks equity base inherited from the last period EIB_1 and deposits available from the
last period D;_; in the form L] = E,B+Dt while deposits are treated as a residual. Write a; = A/ Y, Az

and x; = K/ Y, Ki;. Individual credit supply is then
L, =L [Aky—1+ (1= A)0G_1]. 2.1

The interest rate r; for each firm is determined by the equilibrium situation where credit demand

matches credit supply. From that condition this rate is

1
N 2cgLs + ch(& +A;1)

ri (2+Aq1) (2.12)
Entry depends on the average interest rate 7, which determines the number of possible entrants and
the features of the entrant is determined by a random draw. The term is:

N

N[entry — NProb(entry) = m
et\i-17

(2.13)

where N > 1, d, and f are constants. This assures that the probability of number of entrants is low
if the overall interest rate is high. The term is then rounded to an integer. New firms are endowed
with capital and net worth randomly. The draw for an entrant’s capital endowment is from a uniform
distribution with a center at the mode of incumbents’ capital. Then, the equity ratio a; = A;/ Y Ai
is determined by the mode of all incumbents’ equity base A;; and the capital ratio is k;; = Ki;/ ¥; K.

Those ratios are needed by the bank in order to determine the credit supply for each new firm.
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2.2.2 Stock Price

We now include equity and stock prices in the model. If firms have also access to equity markets, they
can raise capital by issuing shares. If those are traded at a stock exchange their price can be thought

of to consist of a “fair” component, that is the fundamental value Fj, and a deviation 6; from that

Py = Fy + 6;. (2.14)

The fair stock market value depends on net worth and on the overall equity that a firm has

FyEy = Ey +11; = Ay, (2.15)

Here T1; refers to retained profits up to period ¢. Note that total equity of a firm will consist of the
equity raised through issued shares E; and net worth which is accumulated profits I1;. The above
specification is based on the assumption that each share has a nominal value of 1 unit of currency,
therefore the number of shares equals the nominal value of shareholders’ equity, both denoted by Ej.
Hence there is exactly one share of nominal value 1 for each firm. Furthermore, the fair share price is
just the net value over the number of shares issued. In the remainder of the paper we will assume that
E; =1 for all i,t, implying that A; = F;; and Py = A;s + 0;.

The actual stock price P; could deviate from the “fair” price because of the expectations of investors:

1. the future inflow of cash is supposed to be significantly large or small;

2. speculators pay premiums (sell at discounts) in order to benefit from expected even larger (lower)

prices in the future.!

This specification follows the idea that market valuation on average represents the discounted sum of
all expected cash flow, represented by profits in this setup. If these expectations are very optimistic,
there can be a mark up which is not justified alone by just the actually observable profit. The relation

between the mark up on firm value and the error in profit estimation is

Oy = || €ir.

Note that 1. affects the fair value of shares while 2. may occur due to speculation (exogenous to the firm) .
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This expresses that the markup on firm value (LHS) is just the markup on expected cash flow, here
today's profit (RHS).

This markup on fair market value is assumed to be a function of profits and a random component.
The overall market value of cash flow based on profits and the error is supposed to be given by
T + |y |€r = p(y,€¢). This means that a positive error always leads to a more favorable profit
estimation, also for negative profits. The sign of the error is preserved in this way. The error might
occur for some time span. The persistence in this error can be induced if the error is modeled as a

random walk.2

Eir = &ir—1 1+ MNit O (2.16)

where 1 ~ .47(0,1) and 0 < 65 < 1. Hence, E(&;) = &;1.

The complete expression for the stock price is hence

Py =A;+ ‘ﬂit| (&'t—l + nian)~

2.3 The Role of the Stock Market Value in Credit Decisions

The stock market value of a firm carries information that is valuable for a bank for two reasons. First,
the valuation on the stock market might reveal some information about a firm's ability to raise funds
from the asset market. Second, it reveals information about the market's estimation of the relative
prospect of the firm. The stock market usually indicates changes of firm's prospects earlier than the
income statement or the balance sheet (Atiya, 2001; Altman, 1968). Therefore, the stock market
value is a piece of forward looking information rather than the backward looking balance sheet analysis.
Furthermore, “[s[tock market based information ... has responded more quickly to changing financial
conditions than ratings of credit risk agencies.” (Bongini et al. (2002), p. 1011.) This is an incentive
to free-ride on external information since assessing creditworthiness is costly, as is monitoring.
In order to represent the impact of the stock price on credit supply we shall assume in this setting that
credit supply is determined according to:

PyEj
YiPiEy

2If there is also a drift in the random walk, then this would represent general phases of optimism or pessimism.

Ly =L |(1—u)Ay + (1 —p)(1—=A)ai +u

2.11a)
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where 0 < A < 1 represents the weight put on relative firm size and 0 < pt < 1 stands for the weight
put on the relative stock market value. The third piece of information used for the decision is the
relative net value. We run simulations for increasing values of u while for each value there are a
number of repetitions. Results are taken from an interval over 51 periods, between r = 1000 and
t = 1050. The average is computed. This is done for each of 100 repetitions for any parameter
value and for those 100 results from each parameter value also the average is taken. Note that
the simulations for u = 0 also represent the benchmark case which matches the Delli Gatti et
al.  (2005) model. The results in our baseline case are in line with the findings of Delli Gatti
et al. (2005) as they reproduce business cycles (figure 2.1a) and power-law firm size distribu-
tions (figure A.la, page 49). While Delli Gatti et al. (2005) focus on the distribution of firm sizes

and their growth rates we will put emphasis on total output and the average interest rate in our analysis.
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Figure 2.1: Impact of u on output

Figure 2.1 shows the effect of the stock price consideration on output. The baseline case shows that
over time output is increasing with phases of faster and phases of slower growth (figure 2.1a). This
represents business cycles. If the bank would only look at stock prices, those phases would be more
intense (figure 2.1b). The overall pace of output growth would be similar, however (figure 2.1c). As
a firm’s stock price - for given nominal equity - rises in total equity, a firm that possesses more equity
has an increasing advantage if the banking sector refers more to the stock price. The impact of relative
capital and thus output is decreasing in u. Therefore, equity has relatively more weight. That is, less
fragile firms get relatively more credit offered because the total assets K;; are without effect for large
u. This means that only firms with relatively low leverage get access to credit. The total output in
the economy however, is lower because firms that otherwise produce at the brink of bankruptcy have

less access to credit. Firms that are less fragile get funded over proportionally compared to the case
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where pt = 0 but only offer a really low interest rate for that. This dampens the evolution of credit
supply and thus total output. This low interest rate is the key for their advantage in growth which is
visible in the Herfindahl index (figure 2.2c). Comparing representative runs shows that under the stock
market relevance regime (f = 1) there is a fast movement to the dominance of a monopolist (figure
2.2b) while in the baseline case (1t = 0) there are only short episodes of market domination (figure
2.2a). We leave out the first 250 periods in order to avoid transient dynamics. If furthermore, credit
is offered less strictly, comparatively many firms survive (figure 2.3) . This is also a reason why total
output is lower in this regime: more firms leave the industry and there are less periods where there is

no capital lost due to bankruptcy. Differences in firm size are less decisive for credit due to y because
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there is additional noise. Also, the distribution of firm sizes does not clearly show a power-law in the

tail(figure A.1b on page 49). Nevertheless, we observe that market power increases in p (figure 2.2¢).
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Economically, if some firm faces a markdown g;; < 0, it will be offered less credit in the following period.
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Nevertheless, as its equity A;; is the same, it still demands the same amount of capital. This leads to a
higher equilibrium interest rate for that firm in the upcoming period and less leverage which will lead to
lower profits. This means, that the markdown also leads to lower credit supply in the following period.
This effect is even more severe since there is persistence in the markup/markdown. Even for a one time
markdown, there is a long term effect in diminished credit supply and hence hindered firm growth.

If some firm faces a mark up (&€ > 0) it is offered more credit and thus experiences higher growth and
lower interest rates in the following period. It is more leveraged and will grow faster. The growth
advantage is however, less pronounced if the bank predominantly puts weight on the stock price. Then
the advantage from a markup on profit is less than an advantage from size due to the magnitude of
the underlying value.

The additional noise disturbs the selection process in that some fragile firms are offered more credit
and some robust firms are constrained for reasons other than their financial situation. If we consider
only the balance-sheet situation as a benchmark, stock market expectations are exogenous. We cannot
verify whether there would actually be reason to grant more credit due to some positive outlook. The
only information from the model is the financial situation. A selection process based on this information
is disturbed by the additional noise which hurts total output in the long run compared to a situation

where only model internal information is used.

2.4 Firm Distress and Restructuring

In this section we distinguish between insolvency and bankruptcy in order to tackle the question how
the stock price can influence the fate of a financially distressed firm in a bankruptcy negotiation. The
impact may have implications for designing a favourable institutional framework. Mere financial distress
may hurt business, but does not mean that a firm will cease to exist. Whether it can resolve financial
distress and sustain as a going concern depends very much on the expectations of its creditors and
shareholders - along with its capital structure and the legal framework in each particular country.

Consider that the stock market value instead of net worth determines bankruptcy of a firm. Most of
the large firms are publicly listed firms whose market value is determined at the stock exchanges. Sabry
and Hrycay (2014) provide empirical evidence that shows that when a bankruptcy case is filed courts do
take the stock market value into account for their ruling about bankruptcy. Usually, the stock market
price serves as source of information complementary to the ability to issue bonds and credit ratings

based on cash flow projections. Occasionally however, the stock market price is the major determinant
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of bankruptcy ruling.

Note that mere insolvency already occurs when net worth is negative: A; < 0. Since restructuring could
take place, insolvency does not automatically mean that a firm cannot continue to exist. For instance,
if a firm has a negative cash amount but the evaluation of its future cash flow is still optimistic it can
survive. The initial public offering [IPO] of 'Rocket Internet” which took place on Oct. 2, 2014 may
serve as example. The IPO collected 1.5 bn Euros which left the internet company with a total market
value of 5.5 bn Euros, about the same value as Lufthansa. This is remarkable since 'Rocket Internet’
has low revenues and huge losses. Therefore, the market value is "predominantly based on the hope
of a glorious future" (Frankfurter Allgemeine Zeitung, 2014). This is also visible in the fact that the
shares were issued at the top end of the price range but lost more than 20% of their value within the
first days of trading. Accordingly, in the model setup, a stock price mark-up 8;; would be high because
investors think that in the long run the firm will recover and be able to repay all of its current debt. A

bankruptcy condition based on market value hence takes the expectations into account:

A +P(7Tit73it) = Fy +6; <0.
——
stock market value
The stock market value consists of inherited net value A;_; and the market valuation of current profit

p (7, &) which is equivalent to the end-of-period net value F;; and a mark-up 6.

Whether they can be rescued and go on profitably, depends on all of its stakeholders. Many parties
are allowed to file for bankruptcy: creditors might try to recover part of their loans to a firm and seek
foreclosure in order to rescue as much asset value as possible, owners (shareholders) might not be
willing to inject further money into the firm and maybe also to limit losses by liquidating the firm, and
at last, the firm itself may file for insolvency. Focusing on the interest of the provider of funds, each
group has some bargaining power in the restructuring negotiations. While a bank would be willing to
file for bankruptcy, optimistic shareholders, who do not want to lose their investment, could be able to
convince the bank to roll over the loan once again. They are more likely to be successful if the stock
market value of a firm is high. Assume there is a parameter n* € [0,1] representing the shareholders’

influence, the firm would be dissolved and leave the economy if
Aj_1+m +n°6; <O0. (2.5b)

If the shareholders have no influence on the bank’s decision, the bankruptcy condition is as in Delli

Gatti et al. (2005) and the market markup does not play any role. If they have influence, any markup
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makes actual bankruptcy less likely. Equation (2.5b) covers the different interests of stakeholders. The
bank would file for the firm to go in formal bankruptcy if A;_; + 7, the net worth, is not sufficient.
The shareholders have a deviating interest which is expressed in 0;;. The parameter n® determines to
what extent this deviation is crucial. In conjunction with 6;, n°6; shows how much the hard facts are
influenced by stock market expectation and can be understood as measure for legal circumstances and
policies applied in an economy.

Each firm's demand for capital is affected by the new bankruptcy condition. Recall that profit is revenue
minus capital costs

T = (“it‘P - g”it)Kit-

The new bankruptcy condition is in detail

Aj_1+ (Mit¢ _g”it)Kit +n*6; <O0.

This can be solved for

Uiy =

[Kitgrn - (Ait—l + eitns)] . (2.6b)

Ni—‘

1

Doing the same steps as in the baseline model, this crucial price u; is used in the probability of
bankruptcy. Firms do not know the mark up on profit at the end of the period and they form naive

expectations in the form
E[6yn°] = 6;_1n’ (2.17)

It is assumed that the influence of stockholders n* is known for example due to the legal institutions
and that the management does not know how the stock market forms expectation of future profits.
Therefore, the firms do not know how the mark up 6; actually comes up. They know, however, the
deviation of the prior stock price from the net value and it is assumed that they simply expect this

deviation to persist. After maximizing profit, capital demand is determined by

a_ 9—gru | Au1+ 6’
" cogri 2gris

The banking sector also reacts on a distressed firm. It will not take into account the (negative) net

worth of distressed firms. Since the capital ratio of a distressed firm is very low, such a firm will be
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offered little credit via the market share rule. The bank’s rule is now

Lf [lﬁclt—F(l—l)K‘,f} for Ait—l >0,
L= (2.11b)
L [(1—A)Ky] else.

Here & = ﬁ and A; is the set of all firms that are solvent in period ¢. This ensures that all
individual credit offers sum up to L; again. Compared to a situation where insolvent firms leave the
pool of assessment there is less credit supply for the solvent firms. Thus, by construction, if there exist
insolvent but not yet bankrupt firms, the solvent ones are comparatively worse off due to a tougher

assessment. The equilibrium interest rate is

. 24 (Ait—l + 9it—1nS)C
289 (L} + A1+ 5)

Tit (2.12b)
It is easy to see that capital demand and hence equilibrium interest increases in the markup on profit.
If the stock market values the firm extremely high, managers can afford to take higher risks as the firm
will be less likely to go bankrupt.

It is possible, that the bank credit offer does not suffice to offset the negative net value carried over
to the next period. In this case, there would be negative productive capital. This is excluded in the

simulation as the productive capital must be at least zero. Therefore,

Ay_1+ Ly, for Ay +Li; >0,
Ky, = (2.18)

0, else.

Figure 2.4 shows that the credit demand curve contingent on the interest rate shifts upwards in 6;.
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This shift is larger in the influence parameter of the shareholders n®. If there is a positive stock market
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influence an actual bankruptcy is less likely. Therefore, the expected costs of bankruptcy are lower

which boosts credit demand by firms for any given interest rate and vice versa.

2.4.1 No Stock Market Mood Swings

As the firms in the model operate on "isolated islands" which makes their product prices independent,
the same is true for stock prices in this section. This adds some further noise to the expected costs of
bankruptcy. However, the noise is auto correlated in the short run. The question is whether the firms
take more or less risk compared to the initial model and whether this influences the output pattern. The
comparative analysis is done for different levels of influence of shareholders in restructuring negotiations

n® € [0,1]. There are 100 repeated simulations for each parameter value while the interval is covered

in 10 incremental steps.
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Figure 2.5: Impact of bargaining power

The impact of positive markups is that distressed firms can survive but that might only have a short
postponing effect. The distribution of firm sizes is deviating slightly from a power-law in the tail (figure
A.1lc). Figure 2.5 shows that the bargaining power of shareholders does not have a significant impact
on the evolution of the economy. Total output, the interest rate and market power do not change in
the bargaining power. The reason is that some firms pay relatively more interest if they face a markup
but others pay relatively less. The representative run in figure 2.6 reveals that the dynamics over time
are distinct. Especially the interest rate fluctuates severely (figure 2.6¢c). The output has a pattern of
distinct economic booms and recessions (figure 2.6a) while the firm number also is somewhat cyclical
(figure 2.6b). There seems to be a clear tendency toward market concentration while this is frequently
disturbed (figure 2.6d). This indicates that also large firms are likely to go bankrupt. They could

be hit by a severe markdown. On average though, a clear impact of the bargaining power cannot be
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Figure 2.6: Time series for high bargaining power of shareholders

distinguished.

The legal framework does not seem to have much of an influence if stock prices are not correlated.

2.4.2 Boom Bust Periods

Stock markets exhibit cycles which can be caused by fundamental changes due to real economic cycles.
They can also show booms and busts which are are considered to be overreactions not justified by
fundamental data (Shiller, 1981; DeBondt and Thaler, 1985, 1987). Those booms and busts can be
driven by herd behaviour, for instance. This kind of speculation is exogenous to the stock price. It is
introduced by adding a drift to the random walk of g;:

L/t
&ir = Ejt—1 + NitOn + sin <E> .

This means that the errors are correlated and the drift lifts all deviations equally or diminishes them by
the same amount. If there are phases of booms and busts, as described by the drift in the random walk,
the real economy reacts distinctively on stock market mood. Figures 2.7a to 2.7e show the extreme
situation where shareholders’ bargaining power is n°* = 1. The market drift is also depicted, but for
graphical reasons amplified in the images.

Total output (figure 2.7a), the number of firms (figure 2.7b) and the average interest rate (figure 2.7¢)

respond to boom-bust cycles of the stock market. For high mark ups many firms go bankrupt. That
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Figure 2.7: Time series for high bargaining power of shareholders with stock market drift

also causes deep recessions. The average interest is generally high in such phases which causes the
large number of bankruptcies and the depression times. Market power varies a lot (figure 2.7d) but
there is no clear correlation with the stock price swings visible. Large losses due to bankruptcies occur
during phases of high mark-ups (figure 2.7¢).

If the bargaining power of stock holders is high and there are booms every firm has an increased
demand for credit (see also figure 2.4), which is the cause of high interest rates. The reason is that the
probability of bankruptcy is comparatively low. If the stock price mark ups are uncorrelated the effects
on single firms more or less cancel out each other. If there is correlation there is also correlation in
credit demand and all firms face higher interest rates.

Figure 2.7 depicts a drastic scenario where the stock holders have maximum bargaining power. The
firm size distribution however, comes closer to a power-law (figure A.2a, page 50). Almost all firms
are certain that their shareholders would not let them go bankrupt in times of stock market booms.
Therefore, they all have low expected bankruptcy costs which causes them to demand high amounts of
capital. As long as the markup increases but is not too high yet, firms pay a high interest rate which
induces high credit supply in the following period. Then, leverage will increase and output will grow
along with net value. Nevertheless, due to high interest rates, there is low profitability and the capital
increase depends more and more on credit than on retained profits. Firm equity remains at a low level.
At some point leverage is too high to sustain the high interest payments and there is a deep slump in
output because firms go bankrupt.

Over time the total output does not grow and only exhibits cycles. If firms pay high interest rates there

is no profit that can be retained and add to the net worth. Capital may increase due to increasing credit
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supply but the collateral basis does not improve over time on a wider scale. Growth would be credit
driven. This is the classical story of Minsky (1970) where leverage builds up over time and interest
payments are financed to an increasing extent by new credit rather than profits. Eventually, firms will
go bankrupt which constitutes repeated cycles in economic activity and output. In such a scenario it
would be good to implement a policy that limits the influence of shareholders in bankruptcy procedures.

This, however, is subject to the absence of injecting further equity by the shareholders.

2.5 Stock-related Remuneration

In this section we base the managements’ payoff on the stock price at the end of a period. Two
questions will be addressed: if some share of the management compensation consists of granted shares,
how does this affect total output and the average interest rate? And what impact do volatility cycles
have in this context? In major corporations the overall payment of managers consists of a package that
includes fixed salaries and a performance-based payout. This performance-based payout is linked to the
stock price by granting some shares or issuing stock options. This means that the higher the stock
price, given a prior benchmark, the higher the managers’ salary.> We consider a management that is
concerned about the likely stock price at the end of a period only. They do not consider any further price
increases or decreases since we assume that they could sell the stock immediately.* The stock price at
the particular point in time is then uncertain also due to the volatility that reigns in the stock market.
It is a well established fact of financial markets that volatility is persistent (Bollerslev and Jubinsky,
1999; Lux and Kaizoji, 2007) and that it is also positively correlated with trading volume (Karpoff,
1987; Brock and LeBaron, 1996). The connection between stock market volatility and business cycles
is discussed by Fornari and Mele (2010). They find that aggregate stock market volatility explains up to
55% of real growth. Theoretical models of this connection differ in the timing of the correlation. There
are models that explain countercyclical influences (Campbell and Cochrane, 1999) while others explain
procyclical connections (Bernanke et al., 1999). The countercyclical models assume no feedback from
the real economy to asset prices while the financial accelerator approach of Bernanke et al. does (See

Fornari and Mele, 2010).

3There are different sorts of stock-related compensations which have a contrary effect on risk taking. See Bryan, Hwang, and
Lilien (2000) for more details. As for bank managers, this type of compensation has been discussed as contribution to the financial
crisis due to subprime lending as banks could benefit from their earnings but their losses were borne by taxpayers through bailouts.
The managers had each incentive to take large risks in exchange for the chance of large earnings. See Admati & Hellwig (2013), pp.
122,123 for some more detailed discussion. Since a payment in common stocks is possibly one of the easiest way to look at, this is
chosen for this approach.

4Usually, there are some minimum holding times before managers can sell the stock granted.
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We stick to the latter concept and build in exogenous levels of stock market volatility on top of the
real economy feedback. Furthermore, we stay as close as possible to the prior approach and model
volatility as sensitivity to profit, that is the level of profit extrapolation in the formation of cash flow
expectations.

The Greenwald and Stiglitz (1990, 1993) approach acknowledges that the leverage a (non-financial)
firm manager is willing to take in order to finance production is bound by the conditional probability of
bankruptcy. The reason is that those managers do bear the downside risk by loss in reputation ("being
a bad manager") and loss in salary due to unemployment if the firm goes bankrupt. If the firm is a
corporation (i.e. a publicly listed company) the management remuneration is likely to depend also on
the stock performance. In that case a manager would take the expected stock price into account for his
or her capital demand decision. In the underlying model the stock price affects the manager’s decision
of how much leverage to accept.

In this context there needs to be some deviation from the former approach. Since there is no labour
market in the model, there are also no wages for the management or workers. If the remuneration
is tackled as channel of influence, there needs to be a distinction between the acting managers and
the owners of the firm. The managers’ decision problem under investigation is not to maximize mere
expected profit for the firm but to maximize their own expected payoff.

The remuneration package of the management is assumed to consist of the number of company shares
¢;; granted as incentive and a fixed salary cf»‘t” which also depends on the firm size in the form c?t” =¢K;c"
where ¢™ > 0 is a constant. The value of the compensation ng” depends on the stock price that is
realized at the end of the period and the share of salary that is paid in granted shares 8 € [0,1]:
nﬁ” = BouPy+ (1 —ﬁ)c?,”. Note that the stock price itself depends positively on profit. Assuming the
costs of bankruptcy borne by the management include losses from future salary and reputation, this
is captured by c{, The management can only reap the benefits from granted stocks if the firm is not
bankrupt. Denote the probability of bankruptcy as Prob(BR;) = IP;. The expected payoff for the

management is
E[x}] = (1—Py)BoyE[Py] + (1 —B)cY —Pich. (2.19)

Stocks are assumed to be traded at the end of each period when investors know whether a firm will
continue existing and under which conditions. Therefore, the stock price at period ¢ is not known
when the investment decision of the management is due. It is assumed that the number of granted

shares is smaller for single managers if the share price is high so that the individual performance based
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remuneration on average does not grow just because the firm is large. On firm level we assume a relation

Oy = f—{iqﬁl{ﬁ. Furthermore, we again assume that E;; = E =1 for all i,t. The managers’ expected payoff
1

is in detail

Elm!) = (1= P)B -0 KuEIP] + (1~ B)0Kic" + PicgK:.

Remember that IP;; = % Managers are assumed to have some knowledge about the composition of
the stock price and they try to maximize their payoff by influencing the stock price. The management
knows the prior period deviation of the stock price from the fair value of the company. They also can
figure out how much the market over- or undervalued the profit. Therefore, they have some expectation
about the deviation. Assume that g; still is the market deviation from the value of profit. But assume
now that the management does see it as sensitivity to profit. Then, &; also determines an amplification

of negative profits. We specify

Py = Ay + Ty & (2.20)

The term €; can now be understood as markup on the multiplier of profit if we assume that the stock
price is supposed to be a multiple of profit or dividend. This refers to the concept that share prices
should reflect the present value of the expected stream of dividends.

The managers’ payoff depends on the expected valuation of net worth and on the probability that the
firm is not bankrupt at the end of the period. The stock price is positive only if the firm is not bankrupt.

The expected stock price is

Ay E it
ER] = (% + (0~ )it (0 enKi ™ o )

The managers optimize their expected payoff from equation (2.19) by choosing the amount of capital

to employ for production:

Kd A [(E+ g1 +1) Blgra— ¢) — Bo — E] + (B — 1)Epc®
! B (E + Sitfl) (gzr% —3grit® +2¢2) —Egri¢ ’

Then, the equilibrium interest rate becomes:
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_ 1 A 2
Vi = m (Al (Al) +A2> (2120)

with

Air—18B (1 +E+ git)
Lft +Al'tf]

A1 =86 (2E + 6BE; + 6Bz )

Ay =8¢*B(E+€)—4g*B(E+e¢) (Ap—1B 2+E+¢€q)+cPE(—2B+2+Ai—1))

1
L +A;

Details about the computation are provided in Appendix A.1.
Since this setting deviates slightly from the baseline case we start with examining the case where the

management is paid only a fixed salary. Compared to the baseline case of the prior two settings here the
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Figure 2.8: Uncorrelated stock prices (3 low)

interest rate is slightly higher on average as is total output. Figure 2.8 shows the over time dynamics of a
typical baseline scenario. There are business cycle patterns (figure 2.8a) and the number of firms active
is increasing (figure 2.8b). The interest rate is fluctuating a lot (figure 2.8¢c). Due to the increasing
number of firms the market power is low but occasionally there is a high market power (figure 2.8d).
The bad debt shows that there are frequent bankruptcies but those are usually small firms (figure 2.8e).
The tail of the firm size distribution follows a power-law (figure A.1d, page 49) so there is some validity
of this variation of the model as well.

The dynamics resemble the baseline scenario of the underlying model except that the interest rate varies
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more. The reason is that due to the fixed payoff component the payoff is less sensitive to the interest

rate. Therefore, for given credit supply the equilibrium interest rate varies more. Figure 2.9a shows

net worth

0.15

o.1n
eq. terest

(a) sensitivity to performance-based share (b) sensitivity to profit extrapolation

Figure 2.9: Interest sensitivity

the equilibrium interest rate depending on net worth and the share of stock based compensation. The
amount of credit supply is fixed so that the net worth indicates the leverage of a firm. If the leverage
is high, that is, the net worth is low, then an increasing share of stock based compensation leads
to a higher equilibrium interest rate. If the leverage is low, then an increasing share of stock based
remuneration leads to a decreasing equilibrium interest rate (figure 2.9a). This picture also shows
that for any distribution of leverage, a higher share of stock price based compensation will result in a
narrower distribution of equilibrium interest rates. The interest sensitivity to the amplification of profit

shows a similar pattern (figure 2.9b).

This indicates that managers demand higher capital if their payoff relies on a good performance of the

firm but once the firm is financially sound, a higher B causes a more prudent behaviour.

2.5.1 No Cycles at the Stock Market

Comparing the long-term impact of various shares of compensation based on stock prices 3, for low
values of 8 an increase in performance based compensation does result in a higher interest rate (figure
2.10b) and higher market power (figure 2.10c). Output and credit supply are unaffected (figures 2.10a
and 2.10d). For values of  above some threshold (about f=0.5) output and credit supply are higher
(figures 2.10a and 2.10d), but here the interest rate is unaffected (figure 2.10b). Market power decreases

for higher levels of B (figure 2.10c). Credit is supplied to only a few firms for a medium value of 3.

40



40

— output (log)
== - Std Dev.

0.0 02 0.4 0.6 08

(a) total output

1.0

0.10

0.08

0.06

0.04

0.02

0.00
0.0

= =+ Std Dev.

W

—— interest rate

0.2

0.4

0.6

B

0.8 1.0

(b) average interest rate

50

40

30

— credit supply
= =« Std Dev

0.08

0.06

0.04

0.6

0.5

0.4

0.1

0.0

=1 - - std Dey.

— HHI

0.

0 0.2 04 0.6 0.8 1.0
B

(c) Market Power

— credit concentration
- - - $1d.Dev.

0.02
10

0 0.00f
00 02 04 06 08 1.0 00 02 04

B B
(d) Credit Supply

0.6 0.8 1.0

(e) Credit Concentration

Figure 2.10: Impact of

For low B, that supply concentration increases but after the peak decreases again as 3 approaches one
(figure 2.10e). Representative runs show (figures 2.11) that there is a highly cyclical dynamic effect
so that the reliability of those results has to be handled with care. The sensitivity of the interest rate
to the performance-based remuneration share (figure 2.9) indicates that for large 3, the interest rates
across firms will be less dispersed. Therefore, growth differences among firms will be less dispersed,
too. The distribution of firm sizes shows that large 'gaps’ in firm sizes for low values of B (figure
A.le, page 49) will be less pronounced for larger values of B and the tail of the distribution does follow
a power-law (figure A.1f, page 49). At the same time, if the firm is financially sound the expected
performance based payoff is relatively high through the low bankruptcy probability. Any changes in
the payoff weights have a rather large effect through the performance based part because now it may
change faster than the fixed payoff. As a result, the optimal capital is lower for stable firms if more
weight is put on the performance based part because the possible stock price is then less influenced by
capital. Additionally, the probability of yielding that price is relatively sensitive. A lower level of capital
might then induce a comparatively higher probability and only a slightly lower possible price whereas

the net gain is positive in this case.

The marginal changes in the probability of bankruptcy and the stock price differ in B which accounts
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for its effect on the long run dynamics. For firms any additional unit of capital contributes to the
growth perspective and to the probability of bankruptcy at the same time. If a firm is highly leveraged
its probability of bankruptcy is high, too. An additional unit of capital however, will increase the profit
perspective as the expected stock price increases. This is based on the high probability of bankruptcy
that increases less than the stock price perspective increases. Remember that also the expected costs

of bankruptcy depending on the job loss increase slowly for highly leveraged firms.

Managers of financially sound firms who rely mostly on performance based compensation will not risk
the survival prospects and thus most of their payoff for only small increases in the anticipated amount of
payoff. Therefore, as this part of their salary becomes more important, it is optimal for them to reduce
capital and therefore the possible stock price by a little if at the same time the survival probability
increases significantly. Managers of leveraged firms can afford using more capital because the decrease
in survival probability is meager but the potential gain is huge. As performance based compensation
becomes more important, the gains by the anticipated price become more important and together
with the only slight trade off in the survival probability, it pays off to increase capital. In the long
run leveraged firms grow comparatively less because of higher interest rates. Colloquially expressed,
leverage is more costly for B = 1 and financial soundness is rewarded more for high levels of performance
based remuneration compared to a regime of fixed compensation.
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Figure 2.11: Uncorrelated stock prices (3 high)

The single run of high B reveals that the extreme case leads to unreasonable dynamics since there are
no business cycles visible (figure 2.11a). The number of firms is more or less stable (figure 2.11b) and

the interest rate fluctuates in a tight corridor but at a relatively high level (figure 2.11c). Also the
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market power remains relatively stable at a low level (figure 2.11d).

2.5.2 Volatility Cycles

In this sub-section we will examine the effects of volatility cycles of the stock prices on the dynamics
in a strictly performance based remuneration situation. The volatility cycles are supposed to reflect
phases of wide-spread sensitivity of stock investors to news or data. They are included by adding a
cyclical drift to the random component of all stock prices.
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Figure 2.12: Stock Prices with persistent volatility

In figure 2.12 it is visible that the stock investors’ mood has a significant impact on the dynamics. Also,
the distribution of the firm sizes only show a power-law in the tail for § =1 (figures A.2b through A.2d
on page 50). Overall output shows about the same dynamics as with non-correlated stock prices (figure
2.12a). The number of firms increases since there are almost no firms leaving (figures 2.12b and 2.12e¢).
Both, the interest rate (figure 2.12c) and market power (figure 2.12d) show rich dynamics but there
are no clear patterns identifiable that would emerge due to the drift in stock prices. Figure 2.13 shows
the credit demand conditional on the interest rate and its sensitivity to the stock price extrapolation
€. The demand curve rotates in € rather then being shifted. For € > 0 it becomes flatter, for € <0 it
is steeper. This explains why there are more fluctuations in the equilibrium interest rate but no clear
responses to the cyclical volatility.

Credit demand is not higher or lower for all levels of interest as it would be with a shift of the credit

demand curve. The rotation results in more extreme interest rates.

43



For € > 0 firms with tight constraints pay less interest but those who have plenty of credit supplied
pay comparatively more. For € < 0 this impact is reversed because the credit demand curve is steeper.
Under supplied firms pay comparatively high interest rates and well supplied firms pay comparatively
less.

Thus, there are no phases where all firms pay relatively more or relatively less interest.

Economically, for extrapolations € > 0 credit demand is less sensitive, for € < 0 it is more sensitive to
the interest rate. This is because the expected payoff changes due to two things, the probability of
bankruptcy and the profit that is expected. For any € the probability of bankruptcy changes the same in
the interest rate as does the profit that is expected. The stock price that is expected however, changes
less if € < 0 and the extrapolation is low. This is a situation where the probability of bankruptcy
increases faster in capital than the possible payoff. Therefore, in times of low volatility the capital

demand is more sensitive.
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Figure 2.13: Credit demand for different €
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This section shows that managers adjust their behaviour to the stock market situation if their payoff
depends on it. If they face an asymmetric payoff pattern and bear the downside risk of bankruptcy they
have an incentive not to take too much risk. If they can benefit over proportionally from firm profits
due to an extrapolation of profit at the stock market they act more accurate in a sense. This accuracy
reveals their willingness to pay interest for a given level of credit. In times of volatile stock markets
their willingness to pay interest is much less elastic. Therefore, firms evolve more similarly but they pay
high interest rates. This hinders capital accumulation and growth. In times of changing volatility the
fluctuations lead to a more cyclical output pattern but in times where there are no changing volatility
the firms on average pay a high interest. These high average interest rates are beneficial for the

development of the economy since the bank makes higher profits and through the monetary multiplier
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supplies much more credit to the firms. Hence the economy grows fast. Moreover, in this setting it
does not show any unusual behaviour over time, neither with stock market volatility cycles nor without
it. Therefore, governmental regulation would not need to aim at restricting the share of payoff that
depends on the performance. It is to say that this may only hold in a world where the management

actually bears some downside risk as well.

2.6 Concluding Remarks

The central point of this paper is to assess the impact of three known transmission channels of stock
prices to the real economy. One matter of interest is the influence of cyclical stock price patterns in
such transmissions. We discuss boom-bust cycles and phases of persistent volatility using a particular

transmission example.

This paper abstracts from the typical theory of stock price influences on the real side of the economy.
Usually, the focus lies on the demand side: increased output follows increased stock prices because
consumers possess a higher wealth and thus consume more. In this paper, the supply side is explored
looking at three channels that are known to link stock prices to the real economy. All three channels
deal with the influence that stock prices have on credit that firms rely on in order to finance their
production: banks use the stock price as proxy for firms' prospects when evaluating creditworthiness,
firms in financial distress might continue to exist if the market assessment is good, and last, top
managers of listed companies are paid by a remuneration package that relies on stocks. Relying on
an agent-based model that employs credit and financial fragility as driver of output and firms’ growth

dynamics the impact of the stock market is visible in all three channels.

A central point of the examination is the mutual influence, therefore a computer simulation is used.
The basis is an existing model by Delli Gatti et al. (2005) that is able to reproduce business cycles and
further stylized facts like the distribution of firm sizes. Since individual access to credit is key in this
model, it provides a sound basis for introducing the intended links to stock prices and for carrying out
a comparative analysis.

The simulation for all three channels shows that all of them have a non-negligible impact: first, the effect
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of banks’ rating policy where it takes stock prices into account is less beneficial as it reduces output and
increases concentration. The reason is that the selection is even more concentrated as the firms size
matters less than equity which cancels out the advantage of leverage. Leverage has an economy-wide
advantage although a larger number of individual firms go bankrupt along the way. There are fewer
possibilities for firms to grow by applying leverage. The importance of credit diminishes to the extent
with which the bank takes the stock price into account. As financial health exerts more impact in this
case, some firms have more persistent advantages and market dominance emerges earlier and is also
more persistent. This result relies, however, on the assumption that the stock price reflects to some
extent the firm’s equity. Second, in cases of financial distress the stock market can determine whether
the firm can sustain or whether it will face legally declared bankruptcy. The amount of shareholders’
bargaining power does not have a significant impact on the long run development of the economy if firms
face idiosyncratic impacts that cancel out on average. If the stock prices are correlated the behaviour
of firms becomes correlated, too. Then it matters if the shareholders have a high bargaining power.
The cyclical stock prices result in pronounced business cycles but without long term growth. Firms'
managers are willing to pay high interest rates in boom times because they regard the probability of
bankruptcy to be low. In that situation firms earn only low profits. Because there are almost no profits
to be retained in those phases there is no long-term growth. Therefore, if there are boom bust periods
on the stock market, it makes sense to consider relying less on shareholders’ opinion in bankruptcy
rulings.

Third, if managers are paid also in stocks, they are more prudent if stock prices are volatile because
they are assumed to be risk averse. Their behaviour impacts the economy in a more complicated way.
The impact that an increase in the performance based share has depends on the level of that share.
Overall, the economy benefits from the managers having stakes in the company because they act in
a more sensitive manner. Even when there are periods of changing volatility at the stock market and
their compensation consist only of granted stock they do not take excessive risk. Therefore, it is not
necessary to limit the share of compensation based on performance. This holds true in this model
because the managers bear a significant downside risk.

All three channels have a significant impact on the dynamics of the economy. It matters not only to
what extent the stock price enters the decisions in the real economy but also to what scope those
decisions correlate. If there are phases of optimism or pessimism on the stock market there is also

correlation in real economy dynamics.
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Appendix A

A.1 Capital Demand for Stock Related Remuneration
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Define for the numerator:
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this can be solved, e.g. by using the p-g-form such that the known solution is
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Note that b= A and —4ac = A,. Since r| > ry, ry is the interest rate that will emerge in equilibrium

because firms yield the global maximum profit with it.

A.2 Firm Size Distributions
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Figure A.1: Firm size distribution

The red dashed lines depict the power-law fit for the tail of the distribution.
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Parameter Ranges for Robustness Check [ | \

productivity ¢ | [0.05,0.15]
bankruptcy costs component c [0.5,1.5]
interest spread coefficient o || [0,0.004]
risk coefficient banking sector v || [0.05,0.1]

Table A.1: Parameter space for the robustness check

A.3 Parameters and Variables

Control Parameters

stock price weight in credit supply w | [0,1]
influence of shareholders n* || [0,1]
share of performance based remuneration || 8 || [0,1]
Parameters

productivity ) 0.1
retooling costs g 1.1
bankruptcy costs component c (<) 1
weighing parameter for credit supply A 0.3
interest spread coefficient (0] 0.002
risk coefficient banking sector Y 0.08
entry parameter N 5
entry parameter d 100
entry parameter f 0.1
initial number of firms 100

A.4 Wilcoxon Signed Rank Test

In order to check whether the results are robust, a Wilcoxon Signed Rank test is conducted.
The Wilcoxon Signed Rank test is performed because it allows for testing samples where a normal
distribution cannot be assumed and where the variance is unknown. It is a non parametric test. The

following procedure is as described by Sheskin (2011). Basically, the test is whether the medians of
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two sample populations (data sets) are likely to be the same at a certain level of significance. If so, the
two sample populations can be assumed to be drawn from the same distribution. Some assumptions

are essential for the test:

1. The observed data either constitute a random sample of N independent pairs of items.
2. The observed data are measured at a higher level than the ordinal scale.

3. The distribution of the population of difference scores between repeated measurements of between

matched items of individuals is approximately symmetric.

The Null-hypothesis is that the two populations which the results stem from do not differ in their
median v: Hy: V] = v, while the alternative is for a two tailed test Hy; : V| # Vv;. that is, the median
of population 2 is either below or above the median of population 1. The results are checked for a
significance level of 95%, that is @ = 0.05. Each pair of data is compared and the difference taken
W; = x1; —xp; for all i =1,...,N. Zero differences W; = 0 are discarded and the sample size left is n.
Since a two tailed test is conducted, the test statistics is the minimum of the sums of negative and

positive differences in the pairs of the samples,
W = Min[|W_|,W,].

If the sample size is sufficiently large, W can be assumed to be normally distributed. Then, a z-value
can be computed using the number of nonzero differences n. This can also be done for the continuation

of data in order to better compare the continuous normal distribution with discrete data in the form

’W—% —05

Z =
n(n+l)(2n+l)
24

In this test, the Hy hypothesis can be rejected if |z| > z" where 7" is the critical value at a significance

level chosen according to a table. For a significance level a = 0.05 the critical value is 7" = 1.645.
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A.5 Robustness Check

The robustness check is aimed to see whether the results do hold qualitatively for a wider range of

parameters. Therefore,

1. intervals for parameter values are determined,
2. a number of random profiles is generated within the parameter ranges,

3. simulations are run for each setting of the control parameter under investigation for all of the

random profiles.

4. Then, the generated results for each different control parameter setup are compared using a
Wilcoxon-Signed Rank test. This test reveals whether the output for the random profiles is
significantly different under a different control parameter value. If so, the test provides also which
output distribution has the higher median and thus provides information for the impact of the

relevant parameter.

In particular, the control parameters are i,n*, and . Since n® has no impact, only robustness of y will
be tested. Three levels of mu and  will be compared. The qualitative difference will then be indicated
with ">" if the mode is larger for the first distribution and with "<" vice versa. If there is no significant

difference, this will be indicated by "x".

u V¢ | Herfindahl | Out put
u=0 vs. u=051 > < >
u=05 vs. p=1 x < X
u=0 V8. =1 > < >

Table A.2: Impact of u

B 7 | Herfindahl | Output
B=0 vs. B=05| < < <
B=05 vs. B=1 < < <
B=0 vs. B=1 < < <

Table A.3: Impact of
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Chapter 3

Credit Constrained R&D Spending and

Technological Change

3.1 Introduction

Empirical research shows that R&D spending is affected by constraints in external funding. The effect
is attributed to fluctuations in R&D spending that are accounted for by restrictions in credit markets
or access to equity, for example due to lack of financial institutions (Hyytinen and Toivanen, 2003).
Another explanation is higher costs of external capital whose impact is identified in Dutch samples
(Mohnen et al., 2008), Italian manufacturing samples (Mancusi and Vezzuli, 2010), French manufac-
turing firms (Savignac, 2007), and US vs. European samples (Ravera and Canet, 2001). Explanations
are based on the information shortage of external financiers compared to the researching firm. This
disadvantage leads credit or equity providers to require a higher risk premium. Furthermore, even if
R&D produces some innovation that can be implemented, this measure does not yield tangible assets
that can serve as collateral for a loan. This also contributes to the risk premium (Mohnen et al., 2008,
Czarnitzki and Hottenrott, 2011). This view is supported by evidence that considers sub samples of
firms that are more likely to be constrained, namely small and medium enterprises and young firms.
Because those lack either collateral and/or a proven history of creditworthiness, their ability to pay back

a loan is highly uncertain. This finding is consistent with an analysis of Brown et al. (2009) who find
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that an improved supply of equity can trigger an R&D boom because relatively young firms benefit
from that. Consequently, a lack of that supply also can lead to a bust in R&D activity as the R&D
cycle in the U.S. in the 1990s showed (Brown et al., 2009, p. 152).

Moreover, firms that have a high R&D intensity suffer comparatively more from constraints because
they usually require relatively higher external funding (Piga and Atzeni, 2007). Therefore, firms that
show inherently one or more of the adverse features suffer discrimination in access to credit (Canepa and
Stoneman, 2008, Hao and Jaffe, 1993, Giudici and Pateari, 2000). The particular role of uncertainty
of creditworthiness is pointed out for the case of Finland (Hyytinen and Toivanen, 2003). In this case
public subsidies can have a positive effect because they not only allow a research project to take place
but also increase the trust in creditworthiness by others and thus may enable external financing in the
future (Takalo and Tanayama, 2010).

The aim of this paper is to assess the impact of the described effects in a world where the acting entities
react to each other. That is, we ask how much the industry, the R&D undertaken, and the innovation
success change if credit restrictions change. More precisely, the impact of changes in behaviour is
accounted for to understand why credit shortages have the observed impact. For instance, there might
be little demand for credit in general and in this case shortages do not matter. Or there can be a
mismatch between those entities that demand credit and those that would have access. This imbalance
then determines how an increased supply of credit affects the individual R&D efforts.

The model is embedded in a dynamic agent based framework building on the work of Nelson and
Winter (1982) and Winter (1984) which is set in an evolutionary environment under Schumpeterian
competition. In each period the bank uses information about the firms in order to determine how much
credit it would be willing to lend to each of them. The bank applies a particular routine of assessing
creditworthiness based on multiple features. At the same time, each firm produces and conducts R&D
to some extent. The outcome is some quantity of a homogenous good which jointly with all other
firms determines the market price and automatically the profit of each firm on the one hand. On the
other hand the R&D effort might lead to the finding of a better technology which the successful firm
can use in the production process of the next period. This leads the successful firm to aiming at more
investment for the next round of production. However, this possibility depends on the current profit
and available credit. If the firm can exploit that technological improvement it will have better access
to credit in the next period. There are two feedback effects at play in the model: a better technology
improves access to credit and access to credit improves the probability of finding a better technology.
Both effects are however, subject to individual behaviour of both, the bank and the firms. Thus, the

effectiveness of the feedback varies in the behavioural routine of the agents. We conduct simulations
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for variations in credit supply, the interest rate and behavioural characteristics of the bank and the
firms.

Results show that an increase of credit supply translates non-linearly to changes in output and industry
concentration. First, more credit always is contributing to more innovation, faster growing output and
a faster concentrating economy. Nevertheless, if there is either too tight credit or plenty of credit,
increasing credit supply has only a marginal effect. There is a threshold of credit supply below which
the industry evolves more slowly and above which it evolves with a much higher pace. Second, a higher
interest rate cuts into profits and thus economic development. Third, the bank determines credit supply
by comparing firms by profitability and by market share the industry grows faster when the focus is on
market share. The reason is that firms' innovation success is more directly observable in market share
while the increase in profitability depends on its access to credit. Therefore, innovative success is more
persistent if the bank offers credit based mainly on the market share. Last, firms can influence their
R&D success by adapting their effort only if there is much credit available.

This paper strengthens the role of the lender’s information shortages as explanation for R&D spending
patterns. The banking sector bases its decision on two observable firm features but does not have
any information about the technology that will be applied in the upcoming production period. It does
a retrospective evaluation but no forward-looking one. Therefore, it can happen that even the most
innovative firms face credit shortages.

This paper contributes to empirical literature that points out that firms with particular features are
more constraint in access to external funding. It provides theoretical explanations for those features
rooted in the behaviour of the lender.

The remainder of the paper is organized as follows: section 3.2 gives an overview about the relationship
between credit constraints and R&D funding. Section 3.3 introduces the model and the experiments.

Section 3.4 discusses results while section 3.5 provides conclusive remarks.

3.2 Credit Constraints and R&D Effort

According to the empirical literature, constraints in external funding affect R&D efforts of firms (Brown
et al., 2009, Mohnen et al., 2008). Hall and Lerner (2009) give an overview of the way R&D and
innovation are funded. Small and new innovative firms experience high costs of capital, the evidence
for large firms is mixed. Large firms prefer internal funding and manage their cash-flow accordingly.

There is evidence that firms are constrained in financing R&D for several reasons. Concerning credit
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a major aspect is the insecure outcome of R&D in conjunction with relatively high monitoring costs.
Therefore, firms might not be able to be granted credit to the amount they would like to (Freel,
2007). For a United Kingdom data-based empirical study, Freel (2007) finds that small firms that
are innovative actually experience less credit granting success than their less innovative competitors.
Supportive findings for high-tech firms are provided by Guiso (1998) who uses ltalian samples. Cross-
sectional data shows that manufacturers in high-tech categories have a higher probability of being
constrained in credit. The predominant reason might be that there is higher uncertainty related to

producing at the edge of technology.

3.2.1 Assessing Creditworthiness

The process of granting credit involves the assessment of many pieces of information. The creditor
needs to know how likely it is that his loan is paid back. This evaluation usually takes the form of a
credit rating which includes not only hard numbers but also more soft information about the debtor, first
of all his relation to the creditor and their commercial history. Banks use ratings that are to some extent
standardized. The customer adviser rates each of the categories according to some guidelines, but under
her own discretion. For instance, the German credit unions (Volks- und Raiffeisenbanken) used the —
in the meanwhile replaced — concept: management, market and sector, customer relation, economic
situation of the customer, forecasted corporate development. All these factors receive a weight between
1/6 and 1/4. Then, summing up the assigned marks, the bank yields the rating (Reichling et al., 2007,
pp. 46-49). The instrument of rating is mandatory because it is required by the Basel Il agreement
which requires banks to hold equity according to the risk of credits they granted (Reichling et al., 2007,
p. 39). Although the probability of default is the crucial figure to estimate, banks do rely mostly
on heuristic methods to assess that probability, even if there are also statistical and causal analytical
methods, like models of option pricing. One reason is that statistical methods are only meaningful if
the data set is sufficiently large (Reichling et al., 2007, p. 55). This particular example of a rating
model shows that the current economic situation of the customer plays the most crucial role, along
with the customer history. The assessment of the future counts only as much as the management or
the commercial sector does. Nevertheless, “[a]n assessment that only includes the present must not
be decisive - the [firm's] focus on the orientation to the future must be satisfactory.” (Kremer and ten

Hoevel, 1989, p. 122.)
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3.2.2 Adaptive R&D Strategies

There is also some indication that R&D policy reacts to credit constraints. Aghion et al. (2012) find
that credit rationing influences the R&D policy of French firms where the effect depends on the degree
to which firms are financed externally. Constrained firms in the sample adjust R&D efforts in a more
procyclical way. In a theoretical approach, Aghion et al. (2010) establish credit constraints as source
of turning long-term investment pro-cyclical because of the liquidity risk involved in external finance
when constraints become effective. Constraints have less the impact that projects are not carried out
to the full extent but rather that they are not started at all in a sample of Italian small and medium
size enterprises (Mancusi and Vezzuli, 2010). Furthermore, firms try to mitigate their dependence on
outside funding by building up cash reserves which allows them to smoothen R&D activity over time.
This behaviour is encouraged by high adjustment costs because R&D costs consist mainly of high wages
for specialised researchers (Brown et al., 2012). Also, R&D investment is a special case because more
than 50% of spending is due to high wages for knowledge workers. Therefore, “[f]irms tend to smoothen
R&D investment over time in order to avoid having to lay off knowledge workers.” (Hall and Lerner,
2009, p.5.)

In a theoretical approach, Yildizoglu (2002) finds that adaptive strategies due to learning outperform

static rules for investment. Other insights about firms' R&D strategies are:

= Ben-Zion (1984): Investment in R&D is riskier than investment in production (expansion) since
there is more uncertainty about the outcome of research. Therefore, since in good times in-
vestment in R&D is easier to justify, research investment increases in economically favourable

times.

v Yildizoglu (2002): Investment is not static. Theoretically, learning makes a huge difference. Firms
using adaptive research strategies perform better. Also, the higher the share of learning firms in
an economy the further upward technology is pushed and so is output. Furthermore, firms who
do not experience success of R&D after a while tend to abandon research activities. Also high

competition among firms leads to lower R&D.

» Lee and Harrison (2001): Depending on outside firm conditions it is possible to see firms using
both, innovative and imitative strategies at the same time or that almost all firms (i.e. the vast
majority) tend to either strategy. The important factors for this are the probabilities of payoffs,

the distribution of payoff amounts and lag times for payoffs of an investment that had been made.
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» Yildizoglu (2001): When discussing the particular way in which firms learn, not only adaptation
is important, but also expectations. Expectations are usually overlooked in modeling learning

processes.

Furthermore, Ben-Zion (1984) mentions the positive relation between stock and bond market value and

investor strategies and the R&D decisions of firms.

3.3 The Model

The model is about the evolution of an industrial sector where firms compete in improving their tech-
nology used in the production process of a homogenous good. Demand is given and joint output
determines the market price and implicitly each firm's profit. In order to improve their technology, firms
rely on their retained profits and possibly on external sources of funds for financing their R&D effort. In
some situations there might be shortages in available funding. This model tackles the question which
role market circumstances and the assessment of creditworthiness plays in the evolution of the sector
when there are feedback mechanisms. Furthermore, the impact of the firm strategy of how to conduct

R&D on the industrial output is examined. The time-line of events is as follows:

1. The bank has some amount of credit available for lending. According to the firms’ features at

the beginning of the period, it decides how much credit to grant each firm.

2. Firms have a size equal to their stock of physical capital Kj;. They produce output and simulta-
neously draw for better technology. Joint output determines the market price ;. And the draw

determines the available technology in the next period.

3. Firms observe their current profits and the success of their past R&D effort. Then, each firm
decides about physical investment and R&D spending. If desired total spending exceeds internal

funds available, the firm applies for a credit.

4. The credit offered and credit demanded determine the funds available for a firm to invest in
physical capital and to additionally perform R&D. The impact of investment and R&D is effective

in the next period.
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This is a model where the firms do not possess exclusive rights for their technology, like a patent.
The effect of this legal framework may indeed be that competition might lead to less R&D, at least
for innovative activities, since the incentives for cost reduction are lower (Gilbert, 2006). It has to
be pointed out that innovation can take many forms, like product or process innovation where in this
framework, only process innovation is replicated. The general difference is that product innovation
is even less certain than process innovation, partly due to the more incremental character of process

1

innovation." While innovation can also be distinguished by its effect of reducing production costs or

increasing the output per unit of input, the following framework assumes that output increases, which

is in line with Schumpeter's definition of innovation: “we ... define innovation as the setting up of a

new production function.”"(Schumpeter, 1939, p. 83.)

3.3.1 Setup

Output Q is generated by technology A and capital K by each firm i at each period ¢:

Oi = AiKy. @(3.1)

Total output is equivalent to fixed demand so that the market price P follows an inverse demand function

0 =Y 0i=YAKi=D (3.2)
D

b (3.3)

= o

In case of drawing an imitation the firm adopts the industry's best technology. If drawing an innovation,

it gets a sample from a distribution of technical opportunities distributed according to

F(Ait;Ait) (3.4)

See Schumpeter (1939, 1942) for a detailed discussion of the degree to which new techniques trigger readjustments of or even
setting up capital and processes.
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while A; ~ LogNormal(A;,1). This implies that any innovation that is found is actually better than

the currently employed technology. Successful draws are indicated by

. 1, if there is a successful draw of imitation (im) or innovation (in),
im,in

Xi =
0, else.

For a firm the productivity level of following periods is given by

Aira1) = Max(Aie, 23" Ar, 231 A (3.5)

Here A, is the highest (best practice) productivity level in the industry in period ¢, and A; is a random
variable that is the result of the innovation draw. A firm’s desired expansion or contraction is determined
by the ratio of price to production cost PL%A or, equivalently, the percentage margin over cost, and its
market share. A firm's ability to finance its investment is constrained by its profitability, which is affected
by its R&D outlays as well as by revenues and production costs. Capital is subject to depreciation at
rate & and investment I. Profitability 7 is determined by the productivity cost difference per unit of
capital and the spending on last periods loan, which is determined by the interest rate i and the loan [

taken in the last period by the firm:

PA;11 )

Kipor) =1 (”i’“,%’,mhs) Kii+ (1 - 8)Kq (3.6)
1

Ty = BAy —c—i 1l 3.7

Iy =PA;—c (3.8)

where T';; represents a firm's gross profit and 7; denotes net profit after interest paid. The probabilities
of drawing better technologies are due to imitation and innovation respectively and depend positively on

the firm size, i.e. the amount of capital, some positive factor a™ g and the usage of R&D spendings

o

Prob(diy = 1) = 1 — <" K@ik

Prob(dyy = 1) = 1 — =" Ku®u(1-%) (3.9)

2

where K is the share which allocates funds to imitation.© Assume that a firm does either imitation

search or innovation search only. Let this depend on whether it actually employs the best technology

2These probabilities are inspired by Dosi et al. (2011).
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already or whether it uses less efficient technology. The rationale is that a technology leader has nothing
to copy from and thus can devote all financial means of research to innovative search.®> Firms with
less efficient technology would then strictly search any possibility to copy existing technology. This
is a drastic statement but also very simple. A precondition for this action is that there is common

knowledge about the highest technology.* Therefore,

0, for A, = A;
Ky = (3.10)

1, else.

Credit would be demanded (only) if investment cannot be financed otherwise, that is by using net profit
m; and savings from the end of the prior period S;—1/Kj. A firm desires physical investment (capital)

according to the function

d_ M

Iit =1 +5 PfAi(tJrl) (31 1)
—(0—1)s:

Wi = w (3.12)
¢ — Qs

where p;; is the markup power a firm could exert. This markup consists of some positive parameter
¢ and the current market share of a firm s;. The higher the market share, the higher is the markup
(Winter, 1984, p. 319). The investment desire then depends negatively on the markup and positively
on the price-over-cost margin of the firm. That is, the higher the market share, the less investment in
physical capital is desired and the higher the profitability, the higher the desired investment since the
profitability directly depends on the price-over-cost margin. Together with R&D demand q)g the firm
has demand for expenditures El‘f = @;{ —|—Ii‘f. Denote Cj; = my; + Si;—1/Kir — l;;—1 as liquidity per unit of
capital. It consists of net profits, accumulated savings and recent credit to be paid back. By assuming
a strict hierarchy in financing, a firm would first use profit to finance investment and then refer to its
savings. If investment desire exceeds liquidity, i.e. net profit minus old debt obligations plus savings,

there is demand for additional cash in the form of credit. Credit demand is the difference needed for

3The particular role both, innovation and imitation play in economic growth is subject to a lot of discussion and research. While
innovation breaks ground to better techniques, the diffusion of this techniques as firms reorganize usually leads to the real push in
economic activity. See for example, Fagerberg and Verspagen (2002) for some discussion.

4Other models employ a more sophisticated and incremental choice between imitation and innovation effort which then does not
require common knowledge. See, for instance, Colombo et al. (2012).
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financing

d_ o _pd
lg _ Eil Cll‘ for Cll‘ < Elt (313)

0 else.

The bank might offer credit based on a set of firm features. There is supply for credit [* per unit
of capital in the economy. It is assumed to be constant which leads to supply in absolute terms
I;=10-Y,;Ki. The bank supplies credit to each individual firm in units of capital based on profitability

and market share.

L (?L Tl 4 (1—A)<Zet ) for my_1 >0
K; POS i it—1
= I L(Cu—) (3.14)

A it—
K (1= 2) £t else

where 0 <A <1 and ):ntp_”f is the sum of all profits from firms that yielded positive profits. The first
part of the term refers to the average credit supply per unit of capital and the second one determines an
increase or decrease for an individual firm according to its profitability and market share. This concept
hence avoids some potential problems for the case that -due to negative profits- some firms' profits are
huge relative to the average profit. Thus, the bank takes into account relative profitability and relative
technology level. Assuming that the credit supply per unit of capital is fixed, the absolute amount of

credit offered will grow in the total amount of capital in the industry. Starting with a fixed supply of

credit, the credit is allocated among the firms applying for it. Then,
ly = Min [l,-‘f,l,-i] (3.15)

This means that even if profits are negative and there is no liquidity, investment can be conducted up

to the amount of credit. The investment constraint is
I; =Cy+1y. (3.16)

Actual physical investment is then determined by this constraint and the desired investment. Actual

R&D investment is furthermore determined by the amount of liquidity not used for physical investment
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and the R&D desire ®¢

Iy = Min[I5,1¢] (3.17)

&, = Min[I — I;, ®%). (3.18)
The firms save money not invested. Savings evolve according to (Colombo et al., 2012, pp. 88, 89)
Sit = Sir—1+ (7Tit + L — I — qul)I(it- (3.19)

Note that savings are noted in absolute numbers and cannot be negative. Firms determine their R&D
effort according to prior success of research and in boom times the firms tend to increase R&D. Denoting
®;; the per unit of capital R&D spending of a firm i at ¢, the firm changes R&D spending according to

the factor Q). Desired spending on R&D is
D = Max [®;—1 (1+ Qy),b%°] (3.20)
with
Oy = A" (M1 — Ty—7—1) (3.21)

where T is the number of periods that the firm is looking back and () increases in the evolution
of profits, the R&D success history, and market share as that is directly incorporated in profitability.
Furthermore, bRP is some basic R&D activity always desired to be undertaken. This behavioural rule
is intended to capture increases in R&D if times are good (Ben-Zion, 1984). and the abandoning of
R&D if it lacks success or if competition is too tight which reduces profitability (Yildizoglu, 2002).
Note that there will be always a non-zero level of desired R&D which does not completely match with
the statement of Yildizoglu (2002) that firms without R&D success will abandon research completely.
Note also that, compared to the Nelson-Winter approach it is just profit and savings that determine
investment possibilities. In the Nelson-Winter approach the constraint includes depreciation. However,
it is not clear where the funds may come from. Therefore, the pure constraint seems reasonable from
that perspective. Note also that possible R&D spending is already accounted for in the (net) profit.

Entry takes place according to a two-stage process. First, there is exogenous activity and thus the
number of potential imitators and innovators is determined. Then, those draw a random technology. A

constant for innovation N = 0.05 and imitation M = 0.05 determines the number of potential entrants
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for innovation and imitative behavior. After drawing an individual technology, entry takes place if
the potential entrant has drawn at least the currently average technology. The other features of the
entrants like capital are then further determined randomly under a uniform distribution within the range
of existing firms' features. A special case applies to the R&D policy since a new firm does not have a

history yet. Assume that entrants also apply the strategy ®" as well.

3.3.2 Main Driver of the Model

The driving force of the model is the difference in technology which determines the relative profitability.
According to an adjustment in firm sizes and therefore output, firms face market pressure due a decrease

in price as a result of the change in output.

= R&D fosters the productivity level A;; for firm i at time ¢.
= Aj improves the price-over-cost margin for the next period.
= A better anticipated p-o-c margin spurs the desired expansion.

= In the following period, the firm will increase output ceteris paribus. This contributes to overall
output and drives down the market price. The firm with better technology benefits because the
technological advantage always outweighs the price decrease for non-monopolists. Other firms

suffer from the lower price under given individual technology.
= The firm with improved technology gains market share and higher profits.

= According to credit supply rules, the improved technology firm is offered more credit. Hence it
can grow. Other firms are offered less credit and have also less desire to invest and shrink. Both,
the credit constraint and the lower amount of capital decrease the firm’'s probability of finding a

technological improvement.

= The longer there is a gap in technology, the more concentrated the industry will become.

Those events are subject to sufficient financial means. Due to the hierarchy, R&D is only possible after
all physical investment that is desired is satisfied. Therefore, if there are any funding shortages, R&D is
impossible. This is in line with findings that R&D reacts the most sensitive of all investment to funding

shortages (Mohnen et al., 2008). If there is enough funding available, either due to retained profits or
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credit, a given change in a firm's technology triggers more pressure on the competitors if this is a very
big firm. Since output increases relatively more in this case the price is driven down significantly. There
are two channels at work in the dynamics of the model: firm size via investment and technology via

R&D. Both determine a single firms’ output and thus the overall price level in the industry.

Converging and Diverging Forces

The main mechanism in the Nelson-Winter model would lead to a steady state market which
means that the behavioural rule of investment desire has a converging effect. This is due to
the influence of the market share: the higher the market share, the less investment is desired.
Furthermore, a better technology always increases investment desire because it always improves
the price-over-cost margin, except in the monopoly case where it has no effect. Given the linear

price structure, for a firm in a non-monopoly market, increasing technology always increases profitability.

oz . )
R (L0 i +KiAn)  + Ay (L0 i+ Kidi) T (~1)Ky >0
it

< (Z O-ir +KitAit) =0 > AiKir = Qit

since (ZQ,it—i-Ki,A,-t)*Z is positive with .# as market size. In case of a monopoly, O, = Q;; and

omy _
Ay = 0.

Also, in a non-monopoly situation, higher technology always increases the market share of a firm. This

can already intuitively seen as the change in output due to higher technology always is bigger relative to

the change in aggregate output. Thus, for the market share calculation ZAXf(Igt the numerator increases

to a larger extent than the denominator and the entire term will thus increase. In the monopoly case
the change is zero.

The finding of a better technology has a positive effect for the successful firm. Nevertheless, the
availability of credit determines how severe the positive impact will be. This is an important feature of
this model and in line with the findings of Lee and Harrison (2001) who claim that the benefits from
R&D and even innovation often are effective after some time lag and which then influence further R&D
behaviour. A better technology found in period ¢ leads to immediately increased desired investment
in . Then, this leads to a higher level of capital in 4+ 1. Both, better technology and more capital
boost output of the finding firm in ¢t + 1 with an increased market share. Because also total output

will increase, the market price decreases. Then, the availability of credit determines how much the
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market share and profitability change until t + 1. Furthermore, market share and profitability in ¢ 4 1
determine the further availability of credit from period # +2 on. If there is enough credit available
in ¢t the increase in output will be large because desired investment is completely satisfied. At the
same time, the profitability following in r + 1 will be comparatively low due to the price mechanism.
If there is a credit shortage and investment cannot be done to the full extent desired, the impact on
output will be lower; but because the price decrease is not as severe the increase in profitability is more
pronounced. Therefore, the availability of credit in t +2 is influenced by the availability of credit in t.
In 42 then, the bank policy (1) matters because it is crucial whether the emphasis is on market share
or profitability.

Thus, financing constraints at the time of a successful innovation/ imitation can hinder the economic

success of R&D and henceforth set back further increases in the R&D effort.

Small Firms vs Large Firms

Small firms react less on improvements of technology in absolute terms because their markup (U;) is
smaller. Their desired investment changes less if the market share is low. Furthermore, since investment
is in terms of per unit of capital, the absolute change for any given rate of desired investment is lower
for small firms. Therefore, due to their low level of capital, even a large investment per unit of capital is
only of limited effect on output and price. However, via this price mechanism the profitability of small
firms improves more significantly compared to large firms. This has a direct effect on the following
R&D desire of the small firm.

Therefore, smaller firms tend to improve their profitability rather than their size compared to large firms

as a direct result of a successful innovation/ imitation.

3.4 Simulation Results

The common features of the experiments are given by the parameter setup
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where there are 100 runs for each value of a varied parameter. The initial number of firms is 10, the
interest rate is 2% , the bank policy A = 0.5 and firms' policy A¥ = 2. The results are taken from
an average between the periods # = 280 to # = 300. For the experiments, the credit supply is chosen
according to a critical level of credit supply that might just cover credit demand. In order to find an

appropriate level, credit surplus for the above setting is looked at for a range of credit supply. Figure 3.1
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Figure 3.1: Lowest level of credit supply that generates positive excess credit supply.

shows the lowest level of credit supply that yields positive excess credit supply for 100 simulations where
for each repetition I* € [0.02,0.05]. The mean is 0.030404 with a standard deviation of 0.00422135.
Results range from 0.02 to 0.0374. For the experiments concerning market conditions, credit supply
is fixed to I = 0.03 which is credit supply per unit of total capital in the industry. For the policy
experiments this level is refined a little bit more to /* = 0.027.

In a situation without any external financing opportunity, technology does not improve at all since the
firms earn just the depreciation rate and can only replace written off capital. If entry does take place,
competition increases and firms earn even less than depreciation. There is no improvement at all but
the firms decrease in size over time as the market is fixed. In either situation there is no funding for
R&D available.® In this section the effects of credit supply and the interest rate are examined first. It
will be interesting to look at the concentration of output, that is monopoly power which is measured by
the Herfindahl Index. Also, the evolution of overall industry output gives insight on the effects under
investigation. For comparison, we will manipulate parameters of importance and check whether long
run results differ according to that changes. First, the effect of credit supply and the interest rate are

examined, then the firms' and banks' behaviour is subject to examination.

5Tt is debatable whether firms with credit shortages will do no R&D whatsoever for all times. It might occur that they shift to an
R&D priority after a while in order to improve somehow, even if the company must shrink severely initially.
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3.4.1 Market Conditions

The market conditions that govern the outcome are credit supply, interest rate and demand. Demand
determines the severeness of competition in an industry but is not really a constraint like credit supply

or the interest rate. We focus on the latter two. Constraints of financing can originate in

= no source of financing,
= a slow setting up of financing or

= a too high interest rate (Savignac, 2007, p. 6).

For a French sample, from all restraint firms, as much as 88% had no financing source for their project,
and 22% faced a too high interest rate to conduct a successful implementation of their project (Savignac,
2007, p.7). Schumpeter (1939, 1941) points out that in a competitive environment, probably no firm
does yield enough profit as to perform R&D. It is only the monopolist who can set aside enough money
and thus take research action. In this model, a monopolist or the sole user of state-of-the-art technology
can exert pressure via the productivity of her capital. Her productivity increase will exceed costs more
the higher his technology out-stands his competitors’ one. Increased production lowers the price and

therefore the technological monopolist has a comparative advantage which yields above average profits.

Credit Supply

The expected impact of credit supply is that the more credit is available, the easier is financing invest-
ment and the better the industry can evolve.

A representative run for a time span of 1000 period shows that if there is no credit whatsoever, neither
innovation nor imitation takes place (figure 3.2b). This is due to the fact that the competitive market

does not allow for abnormal profitability in a situation where every firm is the same in the first place.
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Figure 3.2: Representative over time evolution with no credit available.

Firms need all their profits to reinvest into physical capital in order to counter depreciation. Thus, there

is no R&D conducted whatsoever (figure 3.2d) and consequently no technological improvement (figure

3.2b).

Entering firms with the same technology then add more pressure to the price by their output

and firms can only downsize. However, the price pressure is not large enough to drive many firms out of

the market (figure 3.2a). There is a steady state situation where the firms have just the size that joint

output yields a price that ensures a price-over-cost margin of the amount of depreciation (figures 3.2c

and 3.2e). The increasing number of firms and the low profitability increases the need of credit (figure

3.2f). If no firm would enter, technology would be fixed as would be firm size, output, and price.
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Figure 3.3: Representative over time evolution with credit available /* = 0.3.

A representative run for a high level of credit supply (I = 0.3) reveals that innovation takes place more
often and the phases of diffusion where concentration slowly decreases are interrupted many times.
Technology is improved (figure 3.3b) which boosts output (figure 3.3c). This is possible because there
is actually some spending on R&D (figure 3.3d). Some firms are profitable and can retain profits (figure
3.3e). Then, there is less credit demand unsatisfied (figure 3.3f). Competition and price pressure drive
many firms out of the market (figure 3.3a).

If less credit is available at the time of a successful draw t, then the increased desire for investment
might not be met fully and neither does the firm grow too much nor does it conduct any R&D in the
following period. Hence, the impact on market share is humble but the change in profitability is rather
high. Consequently, R&D desire in ¢ + 1 will be high but investment desire might be comparatively
low because of the increased market share and the higher price-over-cost-margin. Credit supply, at this
point is still not influenced fully because it looks back one period and will thus only be effective in

response to profitability in ¢+ 2.
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Figure 3.4: Impact of credit supply

The experiment of the impact of credit supply levels is done for incremental values of credit supply
for I* € [0.02,0.045]. Results are shown in figure 3.4. The effect of higher credit supply is nonlinear
and distinct. As more credit is available, the level of technology is increasing faster and the overall
output is higher (figure 3.4a). There is an emergence of fewer but larger firms (figure 3.4b) as a result
of productivity improvements. Larger firms also absorb more of the credit supplied in total which also
hurts laggard firms’ ability to spend funds on R&D.

The negative credit surplus in the same figure (figure 3.4c) indicates that firms very well would invest
more but are effectively constrained. As they only outbalance their depreciation, no firm grows and as
new firms keep entering the economy, competition becomes tougher and brings down prices and hence
profit. Therefore, firms find it harder over time to outbalance depreciation and the result is that firms
shrink and concentration decreases (figure 3.4b). If firms can access the funding they desire, which is
indicated by more and more credit surplus (figure 3.4c), R&D can effectively be conducted and there
are technological improvements (figures 3.4d and 3.4e). Figure 3.5 confirms that credit supply results
in a lower relative number of firms that are actually constrained in credit. This is partly due to some
firms accumulating savings and thus not demanding credit and partly due to a shake out period leaving

only the more successful firms.
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Figure 3.5: Share of firms that face constraints in financing over time

This creates firms that have a better price-over-cost margin than other firms and those firms hence
yield more profit and grow. They also gain market share. This puts further pressure on firms with
inferior technology as the price is pushed down. Hence, more firms leave the economy (figure 3.4f).

Specifically, the impact of credit supply is non-linear. Abundant credit supply allows the economy to
evolve much different, i.e. there is a jump in the dependent value. Without credit supply firms have
demand for R&D but cannot do it because their investment in capital does not leave any funds for
additional investment in R&D. With the strict hierarchy in place that physical investment comes first,

there is almost never any funding of R&D and thus technology does not improve (see figure 3.2b).

Interest Rate

The next experiments are conducted using incremental levels of interest for i € [0,0.2]. Figure 3.6
depicts the impact of the credit interest rate on economic performance. The intuitive effect of the rate
is that the higher the interest rate is, the less profitable are firms. As credit supply is given but varying
for firms, lower profits mean a more effective constraint in financing on average. Furthermore, a high
interest rate leaves firms spending more and more on the credit and less funds are left for conducting
R&D and investment. Thus, output and the frequency of technological improvements should be lower

as the demand for credit is met to a lesser extent.

The experiment shows that output actually is lower in the interest rate (figure 3.6a). As profits
are lower, the firms demand credit in order to finance their endeavors. Therefore, due to financial
constraints, credit surplus is decreasing in the interest rate (figure 3.6¢c). The image about the
Herfindahl index (figure 3.6b) delivers evidence for market shares being more equal in higher interest

rates. The costlier credit is, the less imitation and innovation actually is observed (figures 3.6d and
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Figure 3.6: Impact of the interest rate

3.6e). Therefore, less innovation and imitation takes place economy-wide. Nevertheless, less innovation
and imitation leaves the firms to be more equal. No firm is able to exert enough pressure to drive

competitors out of the industry, which is visible in the lower exit rates in the interest rate (figure 3.6f).

3.4.2 Policies

There are two ways in which the behaviour of the agents can influence the dynamics: the bank’s
weighing of firm features in offering credit and the intensity of change of the firms’ R&D adaptation
rule. It affects the determinant of adaptation ). The bank’s policy is the main matter of interest.
It determines the financial constraint any individual firm is facing. Although the overall credit supply
does influence the individual access to credit, it is the bank’s policy that accounts for the differences
among credit supply for individual firms. The key question addressed is to what extent the bank’s
policy promotes a particular outcome, that is, whether it has only a small influence or whether it can
change the dynamics of the industry rather completely. While the empirical evidence mentioned in

section 3.2.2 indicates that firms are behaving pro-cyclical in setting their R&D rule, it is possible to
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see which effect a counter-cyclical behaviour can have. Furthermore, it is possible to account for the
impact that the intensity of their behaviour can have. Empirical evidence also points at rather static
rules due to relatively high costs of change in R&D settings. It is hence possible to check whether a

higher flexibility in adapting to financial conditions would be likely to benefit the industry as a whole.

Bank’s Policy

The bank assesses creditworthiness according to two pieces of information in this model: collateral and
expected cash-flow. Collateral provided by the firm is represented by the market share and profitability
is a proxy for expected cash flow. Market share can represent collateral if the stock of products would
be considered to be pledged. This relies less on the machinery as collateral but on the final product.
The cash flow expectation is represented here in the simplest possible fashion. Since banks also use
heuristic concepts for the assessment of the firm prospects (Reichling et al., 2007), this is captured by
the one-period focus on profitability. In reality, several periods of profit would be taken into account.
As the bank’s policy is a mix between evaluating the collateral amount by looking at the market share
and forecasting cash flow by looking at the profitability, its policy can be described by the weighing

parameter (A) that determines the impact of each piece of information on the credit decision.

Theoretically, access to credit promotes output rather than profitability because the firm translates
technology improvements in physical investment first. In case the following output is significantly

higher, the price mechanism dampens the increase in profitability.

The availability of credit at the time of finding a better technology is decisive. If there is sufficient
credit supply at the time a new technology is found, there is a huge impact of the finding on further
credit availability in case the bank puts emphasis on collateral. Since the access to credit at the
time of the finding allows for a significant investment and thus increase in capital, the firm will grow
significantly. Therefore, firm size at 41 is relatively large as is market share. A crucial feature for the
likelihood of drawing a technology improvement is the firm size (see eq. (9)). Also, the firm size is the
crucial feature for market share. The bank hence promotes mostly firms that are already doing well.
Then, in t +2 this matters for the further availability of credit. If the bank focuses on profitability,

the following credit supply is comparatively low because the massive increase in output and market
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share pulls the market price down which limits profitability increases in t + 1. As the bank evaluates

profitability, further credit supply in ¢+ 2 will be comparatively modest.

Comparatively, if there is credit shortage in ¢, the increase in market share at r 4 1 is relatively low

which leaves a higher market price in # +1 and a comparatively lower price-over-cost margin.

Then, if the bank looks only at collateral, credit supply in ¢ 42 is relatively low and if the bank looks

only at profitability, it will offer comparatively more credit in ¢t 4 2.
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The experiment results are depicted in figure 3.7. Output decreases in the weight the bank puts on

profitability (figure 3.7a). If the bank puts emphasis only on the market share (A = 0) there is a high

concentration evolving (figure 3.7b) because there is a higher probability for an innovating / imitating

firm that it actually can do even more research (figures 3.7d and 3.7e). This results in a higher credit

surplus as indicated by figure 3.7c.
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The credit shortage for the non-technology-improving firms reinforces the financial disadvantage. These
firms are driven out of the industry relatively quickly which is indicated by the low longevity of firms
(figure 3.7h) and the high number of exits for the collateral focused bank policy (figure 3.7f).

This is supported by the indicator of the share of firms that is actually constrained in credit. This
share is bigger for the profitability based bank policy (figure 3.7g). For this profitability based policy
only technology propels a faster firm growth via the aid of credit supply. For the collateral based
approach both factors contribute to the growth advantage of a technology improving firm. Therefore,
we observe a higher correlation between profits and firm size for a policy that focuses on firm size, not
on profitability (figure 3.7i).

The experiment supports the prior theoretical explanation and emphasizes the role of bank behaviour

in the evolution of the industry.

Firms’ Policy

Firms decide individually how much they want to spend on R&D. According to empirical evidence they
adjust their R&D effort to their business situation (see section 3.2.2). In this model this situation is
represented by productivity. If productivity increases, so does the R&D desire of firms. If there were
no constraints in financing R&D there would be an inherent force that would create a wedge between
firms and lead to concentration. Firms who are successful would even do more R&D and thus expand
their lead. The opposite is true for less successful firms: they even would reduce their R&D activity
and therefore would be even less likely to catch up. With financing restrictions in place this drift is
less severe as firms' expansion of R&D might be dampened. The tighter credit constraints are, the
less technological improvement will take place in general. Nevertheless, even if firms pursue a different
policy for R&D according to profitability, they all increase physical investment in profitability. Along
with a given technology, this already is a driving force of concentration because of the price mechanism.
A higher profitability in t 41 after technology improvement in ¢ has an impact on the desired spending
on R&D. If the reaction of the firm is positive, any higher profitability will lead to a higher desired R&D
spending compared to the last period. Nevertheless, if following R&D desire over two periods after an
innovation, a lack of funding might set back actual R&D spending. An increased profitability always
leads to a positive tendency in the R&D desire, but the desire also depends on the actual spending from
the prior period. Therefore, a funding restriction on investment at ¢ leads to a higher desired change in

R&D investment, but not to a higher level because in r 41 actual R&D was set back. For a full funding
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situation, as profitability is comparatively lower, the desired change in R&D spending is lower but the
actual level is higher. If the firms react negatively on profitability, the effect is vice versa. We expect
that under a regime with credit scarcity the firm behaviour has not much impact while in a regime with
abundant credit available a more drastic reaction should boost output.

The experiments conducted track differences out of the firms’ adaptation behaviour. Results under a
scarce credit supply regime are shown in figure 3.8. Results for a regime with abundant credit supply

are shown in figure 3.9.
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Figure 3.8: Impact of firm rule

The credit scarcity regime depicted in figure 3.8 shows that there is no distinct impact of neither the
basic strategy of the firms nor the magnitude of reaction. The reason is that once a credit shortage
was effective, R&D desire is set back to the basic level. Then, it does not matter too much whether
the change in desire (QQ) might be high or low. Figure 3.9 shows the impact of firm policy if there is
credit abundance. The dashed line depicts the standard deviation. The comparative experiment with an
abundance of credit available reveals that the firm policy would have an impact if there was sufficient
credit (figure 3.9). Then, the severeness of reaction (A7) would positively influence technology (figure
3.9a) and output (figure 3.9b). Concentration and total profits would depend on the direction of the
policy (figures 3.9¢c and 3.9d), that is whether the firm increases desired R&D spending in economically
favourable times (A¥ > 0) or whether is has a contrariwise policy (A < 0). If a contrariwise firm policy

is in place, technological leaders will cut spending on R&D while laggard firms will try to catch up.
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Figure 3.9: Effect of firm rule with abundant credit supply

If credit supply is abundant they can actually spend money on R&D and so imitation is possible. As
technology more and more diffuses by imitation, the leading firms suffer in profitability and again increase
their R&D spending desire. Overall output is higher if the reaction is stronger, but concentration is
lower because the laggard firms do not suffer from funding shortages and diffusion is more pronounced.
Since there is more equality among firms and less advantages for single firms, more firms stay in the
industry but earn less. If credit supply is large enough, the less profit does not hinder R&D effort as
Ponzi-financing can emerge. Ponzi-financing means that credit and interest is repaid by new credit
instead of returns to investment. Nevertheless, if credit supply is large enough, this situation can be
sustained for a long time.

For a positive reaction on profitability, leading firms try to take off even further. Due to sufficient
external funding they can do so and have a high probability of drawing better technology also in the
long run. Other firms cut desired spending on R&D and diffusion is less likely. Many firms leave the
industry and the concentration is higher. Overall profits and output are higher because the technological
frontier is shifted significantly, but this is due to only a few (or even only one) firms.

The comparison of firm behaviour in the two credit regimes supports the prior theoretical approach.
There are three factors that explain the different results for the two regimes. First, scarcity of credit
does not allow for R&D conducted on top of investment. Therefore, the firm behaviour does not matter
much. Second, the intensity of reaction does matter. A higher intensity leads to higher output because
firms want to push R&D effort more distinctly. Third, concentration is stronger the more positive firms
react on their profit history. The reason is that profits positively affect investment which is also crucial

for competition and growth.
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3.4.3 Joint Effects

The previous experiments showed the single effects of market and policy characterizations in a particular
environment. These observations can be combined to a larger picture of the effects in particular
circumstances. In order to check the robustness of those observations, a Wilcoxon-Signed-Rank test
is used. This non-parametric test is done for the impact of the bank policy under 100 random market
and firm policy setups for a significance level of 95%. As market conditions cannot be influenced by
the agents in this model, the focus is on policies. Furthermore, since the impact of credit constraints is
the matter of interest, the results obtained are checked for robustness by focusing on the bank policy
and comparing three levels of it. It is checked whether the results obtained from the comparative
analysis hold in broader, randomly chosen parameter setups, that is, in a broader environment. The
Wilcoxon-Signed Rank Test confirms the qualitative findings so that those are concluded to be robust
at a 95% significance level (see appendix B.2).

As the model is intended to capture the effects of credit shortage, the level of credit supply turns out
to be the most influential part of the model. If there is a shortage, no R&D is conducted because
investment in replacement and additional machinery has priority. If there is abundance of credit, firms
can conduct a lot of R&D which pushes the technological frontier forward. The way credit supply
is allocated is hence crucial only if credit is scarce. Then, credit is offered to a fraction of the firms
while other firms are almost excluded from credit. This is the environment where behaviour has the
highest impact. The bank determines which features are important for access to credit. If it puts most
weight on market share, the firm policy does not have a significant effect because the firm R&D policy
only responds to profitability. Its response to market share is fixed in the investment desire function.
However, as soon as the bank puts some weight on profitability, the firm policy gains importance. In
this case both, the bank and the firm react positively to profitability, thus, there is a twofold positive
feedback on profitability. In a situation of scarce credit supply and credit allocation based (also) on
profitability it pays off for a firm to adjust R&D desire according to profitability because the bank
also reacts positively on it. It can be observed that the firm policy is more effective if credit supply is
high with respect to output and concentration (see figure 3.9), however, this impact does not change
very much due to bank policy as long as there is some weight put on profitability by the bank (- see
Wilcoxon-Test results in the appendix B.2). If there is plenty of credit available, firms can finance
almost every investment and R&D desire and the distinction by the bank still leaves enough credit
supply for the least supplied firm. Additionally, firms only demand a limited amount of credit, even in

periods of high intended investment and R&D. Therefore, the bank policy does not have a significant
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impact in such a situation. The same is true if credit supply is too low. Then, even the best firm is not
being offered enough credit to conduct R&D on top of investment.

Thus, there is a minimum level of credit supply that is necessary to enable firms to develop over time
below which, neither the bank policy nor the firm policy is of much impact. Once this level is passed,
the bank policy becomes crucial. It exerts the most effect if credit supply is not large enough to allow
for Ponzi-financing. Nevertheless, the firm policy is most effective in a situation of Ponzi-financing

because then it is assured that it actually will be able to carry out its policy.

3.5 Conclusion

The purpose of this work was to examine in what way credit shortages can influence the evolution of
an industry if technological improvement relies very much on credit and at the same time echoes back
to credit availability. In a model where firms decide how much they want to invest in capital due to
their market situation and how much on top they want to spend on research based on profit history
it turns out that this hierarchy is sensitive to credit shortages. Market conditions - such as credit
availability and interest rates - are checked for their impact on technological evolution and market
concentration as well as total output. There are two policies taken into account: the bank’s decision
rules about creditworthiness and the firms' rule about adapting R&D effort. The approach is based on
an evolutionary model by Nelson and Winter. This heterogeneous agents based model is examined by
using a computer simulation.

The main findings are that the most crucial factor is overall credit supply available in the industry. A
higher credit supply is always beneficial to some extent but there is some critical level of credit supply
where the impact changes dramatically, i.e. there are jumps in the dependent numbers. This is due to
the fact that if there is sufficient credit supply at the time a better technology is found there is also
further credit supply in the longer run. The interest rate has an intuitive effect in that a higher interest
rate always hinders the evolution of the firms and thus the industry which is simply due to the fact that
interest is costly for the firms.

The bank influences the evolution of the industry by its internal routines because it can reinforce the
positive effect of a new technology on the firm size via investment. The better technology is visible for
the bank later than for the firm that found it and therefore it matters to what extent that technology
is visible in the firm’s balance sheet two periods later. If the bank considers predominantly firm size, it

fosters further growth because firm size is directly affected by better technology. Thus, the impact of
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the better technology is more significant via firm size. If the bank looks predominantly on profitability,
the impact of the better technology can be diluted. Therefore, the correlation between profitability and
later firm size is bigger if the bank values firm size relatively more. Also, smaller firms will improve more
on profitability than on size in comparison to large firms. Thus, if the bank values profitability more,
it gives an advantage to smaller firms. This however, reduces the probability of further improvements
compared to a situation where mainly large firms benefit from credit because the probability of finding
better technology is positively influenced by firm size.

Firms can adapt their R&D behaviour. This however, only influences their situation if there is plenty of
credit available. In that case a positive feedback rule is more effective on the technological evolution
but brings along a monopoly situation. This is due to the fact that in a negative feedback scenario,
innovators stop innovating and other firms try harder to catch up. It is an inherent convergence
behaviour. Nevertheless, the heftiness of reaction promotes technological evolution in both scenarios
because any desire can be met if there is enough funding and profitability does not matter too much
in such a situation.

This model considers only a single industry where a homogenous good is produced. Furthermore, the
bank is strictly backward-looking in its assessment of creditworthiness. There might be further insights if
different industries compete for funding where the bank again assesses the probability of bankruptcy for
each firm. Furthermore, it would be interesting to consider some exogenous policies, like the monetary
policy of a central bank which would be effective in the model as credit supply shocks. The trajectory
of the industry in response to those changes could provide insights about the effects of a particular

policy on technology, market power and individual access to credit.
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Appendix B

B.1 Parameters and Variables

Control Parameters

interest rate
average credit supply in unit of capital

bank’s weighing parameter for credit offer

firms’ R&D adjustment policy parameter

lS

),F

0.05
0.027
0.3
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Parameters

Demand D 1,000
initial no. of firms 10
initial capital K} 100
initial technology AY 0.15
initial R&D spending desire @Y || 0.004
minimum R&D spending desire bRP || 0.002
innovative R&D success probability a || 0.007
imitative R&D success probability al 0.02
depreciation rate 1) 0.03
production costs c 0.16
lower capital barrier for bankruptcy crit 1
time horizon for looking back T 3
markup parameter for investment desire ) 3

The intervals that the parameters for the test are chosen from are:

5 €10.025,0.035]
¢ €10.15,0.17]
a™ €1[0.018,0.022]
a" € [0.0065,0.0075]
bR €[0.0015,0.0025]
€[2.5,3.5]

9

Table B.1: Parameter space for the robustness check

B.2 Robustness Check

The following tables depict the result of the Wilcoxon Signed Rank test for 100 random samples of
above parameter space. If the Null Hypothesis cannot be rejected, "ns” is depicted. If it can be rejected,

then the direction of difference between sample medians is shown.
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A=0vs. A =05

firm rule | credit supply || AM™ | Herfindahl | Output
AT=0 Ls = 0.02 > > >
Ls =0.03 > > >
Ls =0.05 > ns ns
Af=1 Ls = 0.02 > > >
Ls =0.03 ns > ns
Ls =0.05 ns > ns
AF=2 Ls = 0.02 < > >
Ls =0.03 ns > ns
Ls =0.05 ns > ns
A=05vs. A =1
firm rule | credit supply || AM™ | Herfindahl | Output
AF=0 Ls =0.02 < ns >
Ls =0.03 ns ns ns
Ls =0.05 ns ns ns
Af=1 Ls = 0.02 > > >
Ls =0.03 > ns >
Ls =0.05 ns ns ns
AF=2 Ls =0.02 > > ns
Ls =0.03 > > >
Ls =0.05 ns < ns
A=0vs.A=1
firm rule | credit supply || AM™ | Herfindahl | Output
AF=0 Ls = 0.02 > > >
Ls =0.03 > > >
Ls =0.05 ns > ns
AF=1 Ls = 0.02 > > >
Ls =0.03 > > >
Ls =0.05 ns ns ns
AF=2 Ls=0 > > >
Ls =0.03 > > >
Ls =0.05 ns ns ns

Table B.2: Results of the Wilcoxon-Signed-Rank Test
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Chapter 4

The Impact Of Credit Rating On
Innovation In A Two-Sector

Evolutionary Model

4.1 Introduction

Firms suffer from discrimination in access to credit (Canepa and Stoneman, 2008; Hao and Jaffe, 1993;
Giudici and Pateari, 2000). This pattern of constraints can reinforce disturbances in the selection
process. For example, those firms that are less profitable and less innovative are expected to grow at a
comparatively low rate or to exit the market under an efficient mechanism in place. This is however,
not observed in an Italian sample when there are financial constraints (Bottazzi et al., 2006, 2014;
Bottazzi et al., 2010). Public subsidies can remedy constraints as they not only help most those firm
in dire need of external funding (Hyytinen and Toivanen, 2003) but also increase the trust in credit-

worthiness by others and thus may enable external financing in the future (Takalo and Tanayama, 2010).

The aim of the paper is to explore which role the determinants of lender behaviour play in the evolution

of a diversified economy. Therefore, we employ a rating process that determines the credit supply for
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each individual firm in two sectors. We examine the role of weights put on various pieces of information
used for the rating like cash flow or market share. We also examine the impact of different ways of
expectation formation about the prospects of the sectors.

We ask first what is the impact of the bank routines for credit supply on innovation and technology
diffusion? The focus is on gaining insight about the dynamic of the bank decision in response to risk
and furthermore in response to rather optimistic or conservative expectation formation.

In order to grasp insights we consider the following more detailed questions: to what extent does the
bank policy determine whether one of the two sectors benefits? And which effect does the funding of

the more innovative sector have on the low-tech sector?

We use a two-sector approach in order to bundle firms in an innovative and in an less innovative
sector. We call the more innovative sector 'high-tech’ and the less innovative one 'low-tech’. Banks
that use internal rating/ scoring systems evaluate the creditworthiness of a firm in comparison to its
rivals. Therefore, even if a firm does better than all firms in another sector, it might still be seen as
an under-performing entity. The particular importance that the bank shifts to the sector-specific and

economy-wide indicators in measuring creditworthiness may lead to different economic dynamics.

Innovation is subject to sufficient funding. However, firms are constrained in financing R&D for several
reasons. The explanations are based on the information shortage of external financiers compared to the
firm. This disadvantage leads credit or equity providers to require a higher risk premium. Furthermore,
even if R&D leads to some innovation that can be implemented, it does not yield tangible assets that can
serve as collateral for a loan. This also contributes to the risk premium (Mohnen et al., 2008; Czarnitzki
and Hottenrott, 2011). Furthermore, the outcome of R&D projects is highly insecure and monitoring
them is costly. Therefore, firms might not be able to be granted credit for R&D to the amount they
would like to (Freel, 2007). For a United Kingdom data-based empirical study, Freel (2007) finds that
small firms that are innovative actually experience less credit granting success than their less innovative
competitors. In a sample of US and UK small and medium-sized enterprises [SMEs] more innovative
firms face a higher probability of not being financed externally although they are not more likely to apply
for it (Mina et al., 2013). Supportive findings concerning high-tech firms are provided by Guiso (1998)
who uses ltalian samples where cross-sectional data shows that manufacturers in high-tech categories
have a higher probability of being constrained in credit. The explanation refers to higher uncertainty
related to producing at the edge of technology.

Furthermore, it is reported that the availability of external finance is more constrained for very innovative
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firms, more precisely, the relation between innovative ability and access to credit is inversely u-shaped
(Czarnitzki and Kraft, 2004). This is supported by the evidence mentioned above that considers sub
samples of firms that are more likely to be constrained, namely small and medium enterprises and young
firms. Because those lack either collateral and/or a proven history of creditworthiness, their ability to

pay back a loan is highly uncertain.

Bank credit is the major source of external financing (Hall and Lerner, 2009). Banks across the
world need to provide a rating for their debtors according to the Basel Il agreement. They can do
ratings on their own (internal rating) or rely on external ratings provided by rating agencies (European
Parliament, 2006). In fact, for granting credit to SMEs in Europe, banks use mostly internal rating
systems (Centre for Strategy and Evaluation Services [CSES], 2014). There are many commonalities
between internal and external ratings and external ratings are usually used for large companies above
a particular threshold of market value. The crucial differences between pieces of information used
for rating are whether they are of quantitative or qualitative nature. Quantitative information can
be extracted from financial statements such as the balance sheet. Those pieces of information are
backward-looking. Although the probability of default is the crucial figure to estimate, banks do rely
mostly on heuristic methods to assess that probability, even if there are also statistical and causal
analytical methods, like models of option pricing. One reason is that statistical methods are only
meaningful if the data set is sufficiently large (Reichling et al., 2007, p. 55). In order to assess
the likelihood of credit repayment, a forward looking approach is necessary: “[a]ssessing an obligor's
resources for fulfilling its financial commitments is primarily a forward-looking exercise.”(Standard and
Poor’s, 2011, p. 5.) Moreover, “[a]n assessment that only includes the present must not be decisive
- the [firm's] focus on the orientation to the future must be satisfactory.” (Kremer and ten Hoevel,
1989, p. 122.) The prospect requirement is also an explicit demand of the European Union for internal
rating methods to be approved: “[i|nformation shall be current and shall enable the credit institution
to forecast the future performance of the exposure.” (European Parliament, 2006, Annex VII, Part
4, Paragraph 18.) An important part in the assessment of creditworthiness is the evaluation of the
market growth, because that represents the prospect of the particular industry the firm does business
in (Reichling et al., 2007; Czarnitzki and Kraft, 2004). This can usually only be achieved by assessing
the available information qualitatively. For evaluating European SMEs, the reportedly most important
pieces of information are management quality, project quality or market sector (CSES, 2014). Usually,
banks use 20-40% of qualitative information and the rest quantitative while for banks specialized in

servicing SMEs the share of qualitative information may be in the range of 60-80% (CSES, 2014).
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There are however, differences in rating models in terms of which model is used for processing the
information into a default probability. For an overview, refer to Crouhy et al. (2000) who report
different approaches from four private companies or Reichling et al.(2007) who give an overview about

the pieces of information used by banks and rating agencies.

This paper contributes to explaining empirical findings about financial constraints and innova-
tion by assessing the role of bank routines on financing constraints and heterogeneity found in
constraints. By modeling bank routines in an evolutionary framework it provides one possible
explanation of the observed phenomena for instance, that highly innovative firms being even more
restricted for some types of bank behaviour. The model builds upon literature about risk management

and R&D behaviour and on the theoretical approach of innovation embedded in an evolutionary context.

The model is set in a dynamic agent based framework building on the work of Nelson and Winter (1982)
and Winter (1984) which is designed in an evolutionary environment under Schumpeterian competition.
In each period the bank uses information about the firms in order to determine how much credit it would
be willing to lend to each of them. It has a particular routine of doing so by relying on the assessment
of creditworthiness based on multiple features. There are two sectors and each firm produces and
conducts R&D to some extent. The outcome is some quantity of a homogenous good in each sector
which jointly with all other firms in the sector determines the market price. Any firm does exist in one
sector only. Also the profit of each firm is determined automatically on the one hand. On the other
hand the R&D effort might lead to the finding of a better technology which the successful firm can use
in the production process of the next period. This leads the successful firm to wanting to invest more
for the next round of production. However, this possibility depends on the current profit and available
credit. If the firm can exploit that technological improvement it will have better access to credit in the
next period.

There are two feedback effects employed in the model: a better technology improves access to credit
and access to credit improves the probability of finding a better technology. Both effects are however,
subject to individual behaviour of both, the bank and the firms. Thus, the effectiveness of the feedback
varies in the behavioural routine of the agents. The bank uses information that applies in comparison to
all other firms and it uses pieces of information that are sector-specific like market share. Furthermore,

the bank needs to form expectations if it wants to assess the prospects of the respective industry.
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Results indicate that the more the bank supplies credit based on information distinguished by sector the
less innovation and output growth will take place. The reason is that innovative firms cannot benefit
to the full extent from their superior productivity. That is, their success is recognized only with respect
to their sector and not economy-wide and therefore they cannot gain as much from their advantage.
Furthermore, the way that the bank forms expectations about productivity only matters when all other
pieces of information for the rating decision are taken into account in a rather marginal way. If they are
of some importance it almost does not matter how the bank assesses the future productivity because the
magnitude is too low. Predominantly, expectations are overshadowed by information about current cash
flow and survival ratios in an industry. Nevertheless, the expectations have an impact on the shifting of
credit between the sectors. The positive impact of higher average productivity growth however, does
lead to a shift of funds to the other sector. The reason is that more trend-following expectations also
exhibit more short-term variation as they follow the current and ever-changing trend. This trend is
more short-lived and works in both directions as occasionally high growth will hardly be sustained in
the next period. If the expectations focus more on the long-term average occasionally high growth has
a more persistent impact. Therefore, under conservative expectations, the bank shifts more funds to
the more successful sector.

The remainder of the paper is organized as follows: section 4.2 introduces the model and section 4.3
establishes a baseline case. In section 4.4 the impact of the rating procedure on the sectoral evolution
is examined. In section 4.5 we discuss the role of expectations on the bank’s decision and the possible

impact in this framework. Section 4.6 concludes.

4.2 Setup

Output Q is generated by technology A and capital K by each firm i at each period t:

Qir = Ay K;;. 4.1)
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There are two sectors I and J, where I is considered to be a low-tech sector and J is considered to be

a high tech sector. Total output per sector is equivalent to demand in each sector

Di=Y QyvViel 4.2)

D;=)Y QyViel. 4.3)

We assume that the goods are completely non-rival such that demand for each good is independent of

the other sector. The inverse demand function determines the price

Dy
Pu=—1 Viel (4.4)
MY On
Dy
Pu=—2l Vie J 4.5)
h Y, Oir

Capital is subject to depreciation at rate 6 and investment I.
P41
Ki(i11) _I(lg),sit’nit,6> Ky +(1—8)Ky (4.6)

A firm’s desired investment is determined by the ratio of price to production cost or, equivalently,

PrAit1
¢
the percentage margin over cost, the depreciation rate § and its market share s;. A firm's ability to
finance its investment is constrained by its profitability. Profitability m; is determined by the productivity
cost difference per unit of capital and the spending on last periods loan, which is determined by the

interest rate i and the loan per unit of capital /;_; taken in the last period by the firm:

PriAig —c—iy—1ly—1, Vie I
Ty = 4.7

PriAi —c—iig1liy—1, Vi€ J.

Firms try to obtain better technology. They spend some amount ®;K; on R&D. The probabilities of
finding (drawing) new technologies are determined by imitation and innovation respectively and depend
in

positively on the firm size, i.e. the amount of capital, some positive factor a’”,a™”, and the usage of

R&D spendings ®;K;

Prob(diy =1) =1 _ o @K ®irkiy

Prob(dyy = 1) = 1 — ¢~ Ki®i(1-%) (4.8)
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where k; is the share that determines the allocation of funds to imitation.! Assume that a firm does
either imitation search or innovation search only. This depends on whether it actually employs the
best technology already or whether it uses less efficient technology. The rationale is that a technology
leader has nothing to copy from and can thus devote all financial means of research to innovative
search.? Firms with less efficient technology would then strictly search any possibility to copy existing
technology. This is a drastic statement but also very simple. A precondition is that there is common
knowledge about the highest technology.> Let Aj;, Aj, be the best technology of the respective sector.

The choice of R&D investment policy also is depending on the sector such that

0, ifA;; =Ay, Vie I
Ki =0, ifA;, =Ay, Vie J (4.9)

1, else.

Each firm may conduct some R&D in a period. This is a two stage process where it first may or may
not draw an innovation or imitation. In case of drawing an imitation the firm adopts the industry’s best

technology. Successful draws are indicated by

o 1, if there is a successful draw of imitation (im) or innovation (in),
im,in

Xi =
0, else.

If the firm draws an innovation, it gets a sample from a distribution of technical opportunities determined
by F(A;;A;) where A; ~ LogNormal(A;,1). This implies that any innovation that is found is actually
better than the currently employed technology. The technology that a firm can use in the next period
is the best technology available to that firm. That is, it is the best technology among the current
individual technology, the best technology in the sector if an imitation was drawn or the innovation

that was drawn

MWC(Ait, AI,I%;.;m7 Aitliitn), Viel
Ajr1) = o (4.10)
Max(A,-t, A_]’txiltm, Aitxl-lln), Vie J.

!These probabilities are inspired by Dosi et al. 2011.

2The particular role both, innovation and imitation play in economic growth is subject to a lot of discussion and research. While
innovation breaks ground to better techniques, the diffusion of this techniques as firms reorganize usually leads to the real push in
economic activity. See for example, Fagerberg and Verspagen (2002) for some discussion.

30ther models employ a more sophisticated and incremental choice between imitation and innovation effort which then does not
require common knowledge. See, for instance, Colombo et al. (2012).
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Given the anticipated technology of the upcoming production round a firm demands capital investment

according to the functions

iz
A1)
C

o—(p— 1)Sit.
¢ — Qsiy

I=1+6— 4.11)

i = 4.12)
where p; is the markup power a firm could exert. This markup consists of some positive parameter
¢ and the current market share of a firm s;. The higher the market share, the higher is the markup
(Winter, 1984, p. 319). The investment demand then depends negatively on the markup and positively
on the price-over-cost margin of the firm. Firms determine their R&D effort according to prior success
of research and in boom times the firms tend to increase R&D. Denoting ®;; the per unit of capital
R&D spending of a firm i at ¢, the firm changes R&D spending according to the factor ();. Desired

spending on R&D is
D = Max [®;—1 (1+ Qy),b%°] (4.13)
with
Qi =AM (myy —my_71) (4.14)

where T is the number of past periods taken into account and (); determines the change in R&D
demand. Assuming that firms adapt their target R&D spending by reacting positively on profit changes,
AF >0 is a parameter of the adjustment speed. Furthermore, b%P > 0 represents a basic R&D target
which the firm always wants to conduct. This behavioural rule is intended to capture increases in R&D
spending in economically favourable times (Ben-Zion, 1984) and the reducing of R&D activity if the
firm's success decreases or if competition is too tight which reduces profitability (Yildizoglu, 2002).
Note that there will be always a non-zero level of desired R&D This feature does not completely match
with the statement of Yildizoglu (2002) which indicates that firms without R&D success will abandon
research completely. Note also that, compared to the Nelson-Winter approach it is just profit and
savings that determine investment possibilities.

Together with R&D demand Cbﬁ the firm has demand for expenditures Ei‘t’ = dDg —O—Ii‘f. Denote C; =
i +Sir—1/ Kir — liz—1 as liquidity per unit of capital. It consists of profitability and accumulated savings

minus the last periods credit that has to be repaid. By assuming a strict hierarchy in financing, a firm
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would first use profit to finance investment and then refer to its savings. If investment demand exceeds
liquidity there is demand for additional cash in the form of credit. Credit demand is the difference

needed for financing

Ed —C't for C't < Ed
g=4" " o (4.15)

0 else.

The average credit supply per unit of capital [* is assumed to be constant. Total credit supply in
absolute terms is [f =[°-Y;K;;. Given its capital share in the economy the per unit of capital credit

supply for any firm is ex ante I%

The bank supplies credit by distinguishing the two sectors via setting the weight factor . This applies
via j;

Al foriel
a)i, = (416)

(1—27), forieJ.

The bank supplies credit to individual firms by ranking them according to their profitability and their
market share. This represents the rating process in this model. The relative importance of profitability

and market share is determined by setting A € [0,1]. The credit supply rule that the bank applies is

A Tir—1 . _ Oir—1 X
s K (AZE;‘,’W, +on(l A)Z(in)) > for -1 >0
it

4.17)

I (1 Oir—1
o (a),t(l MZ(Q,H))’ else.

This applies to both sectors, where Zﬂf_”f is the sum of all profits from firms that yielded positive profits.
Therefore, firms with positive profitability get credit supplied according to their relative position in the
set of all profitable firms. This specification hence avoids some potential problems for the case that
-due to negative profits- some firms’ profits are huge relative to the average profit. Thus, the bank takes
into account relative profitability and relative technology level. The parameter A shows the weight the
bank puts on each sector. This weight may be adaptive and depend on the expected return, possibly
through the survival and thus repayment ratio, from each sector. If the sectors are different, then the

expected return can be very different. The allocation choice should be such that A} € [0,1]. Determine
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f; as the deficit ratio in a sector which expresses a proxy for non-recoverable credit

#Exits;
= 4.18
/i #Firms; ( )
and the average over H periods
B | H=l
fi== Y fin (4.19)
H ;=

in the respective industry. Choosing a; € [0,1] as an adaptation speed parameter, the bank’s choice is

made according to
Al =Min[l, Max[0, A} +ay (Fr,—1—fri-1)])- (4.20)

If for example, the default rate in industry I is higher than in industry J, the last term is negative and the
bank shifts more credit to sector J by reducing A*. This rule is inspired by actual bank rating practice
as reported by Reichling et al. (2007). They state that banks classify firms in categories and then
assess the risk of credit default by looking at past default ratios of firms having been in the respective
category. Since in this model, risk is accounted for by rationing credit, less credit is supplied to the
sector that is perceived to be riskier by the bank. The bank proxies this risk by the drop-out rate in
the industry.

Some sectors of the economy are regarded to be R&D-intensive, like pharmaceuticals or the aerospace
industry (Deutsches Institut fiir Wirtschaftsforschung [DIW], 2009). Therefore, we assume that the
so-called high-tech sector J in our model is aiming at conducting a basic level of R&D that exceeds the
one of the so-called low-tech industry b5 > bRP  \We also assume that the high-tech sector has a better
chance of drawing an innovation/ imitation given the same spending on R&D such that agm’i" > gimin 4
Credit is allocated among the firms applying for it. Then,

ly = Min [zd 1:;} . 4.21)

it>%i
The investment constraint is
I; = Cy + . 4.22)

Actual capital investment is then determined by this constraint and the desired capital investment.

4See Marsili and Verspagen (2002) on differences between ’technological regimes’.
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Actual R&D spending is furthermore determined by the amount of liquidity not used for physical

investment and the R&D desire

Iy = Min[I5,1¢] (4.23)

&, = Min[I§ — I;, ®%). (4.24)

The firms save money not invested. Savings evolve according to:

Sit = Sig—1 + (i + li — Ly — Dy ) K; (4.25)

as in Colombo et al. (2012). Note that savings are noted as absolute numbers and cannot be negative.

Entry takes place according to a two-stage process. First, there is exogenous activity and thus the
number of potential imitators and innovators is determined. Then, those draw a random technology. A
constant for innovation N = 0.05 and imitation M = 0.05 determines the number of potential entrants
for innovation and imitative behavior in each of the two sectors. After drawing an individual technology,
entry takes place if the potential entrant in a sector has drawn at least the currently average technology
in the sector. The other features of the entrants like capital are then further determined randomly under
a uniformly distributed probability within the range of existing firms’ features. Assume that entrants

also apply the strategy ®™ as well.

The driving force of the model is the difference in technology. It determines the relative profitability in
each sector. According to an adjustment in firm sizes and therefore output there is a decrease in the

market price. This puts pressure on all other firms in the industry and provokes selection.

If there is enough funding available, either due to retained profits or credit, a given change in a firm's
technology triggers more pressure on the competitors if this is a very big firm. Since output increases
relatively more in this case the price is driven down significantly. There are two channels at work in
the dynamics of the model: firm size via investment and technology via R&D. Both determine a single

firms' output and thus the overall price level in the industry (indirect feedback).

The main mechanism in the Nelson-Winter model would lead to a steady state market which means
that the behavioural rule of investment demand has a converging effect. This is due to the influence

of the market share: the higher the market share, the less investment is desired. Furthermore, a better
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technology always increases investment demand because it always improves the price-over-cost margin,
except in the monopoly case where it has no effect. Nevertheless, the availability of credit determines
how severe the positive impact will be. This is an important feature of this model and in line with the
findings of Lee and Harrison (2001) who claim that the benefits from R&D and even innovation often

are effective after some time lag and which then influence further R&D behaviour.

4.3 Baseline Case

For the baseline case the bank will only regard market specific features (A = 0). We will first examine

a situation where there is no R&D conducted whatsoever (®¢ = 0). Recall the credit supply rule

Iy Tir— Qir—
% (liéﬁt’lﬂ + w; (1 _A)Z(anll)> , for m_1 >0

I} . _ Qir—1
o (a),t(l )L)):(anl)) , else.

Note that according to the European Union’s requirements for rating methods to be approved, the
condition A > 0 is sustaining in practice since “consistency shall exist across lines of business, depart-
ments and geographic locations” (European Union, 2006, Annex VII, Part 4, Paragraph 17.(a) ) which
means that comparability of all firms requires also information that is not market specific. The other
parameters in this setting are credit supply I = 0.05 and reaction intensity on default rate a; = 0.5.
For llili € [O, 1] we examine the long run evolution of the economy. Then, we will introduce R&D. Since
there is no technological improvement in the baseline case we will only observe allocation effects as
total output is relatively constant. Furthermore, as the two sectors only differ in their R&D effort and
success probabilities, in this baseline case they are the same. We look at economic features after some
time period contingent of A.. We take results of periods 7 € [980,1000] where the model has evolved
enough in order to distinguish for different long-term influences. We compute the average of that time

span. We repeat this 100 times and take the average of those repetitions. This is done for each of ten

different levels of A};.

Results are depicted in figure 4.1.
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4.3.1 Baseline Case Without R&D

In the baseline case it is observable that the sector that gets credit supplied in the beginning will be
supplied still in the long run (figure 4.1a). Furthermore, the supplied sector will have some investment
and low concentration. This is indicated by output (figure 4.1c) and the Herfindahl-Index (figure 4.1d).
Also, the number of firms is higher in that sector (figure 4.1e). Without improving technology the
increased number of exits due to under supply of credit takes away capital and output. This is not
offset by higher average productivity. Therefore, the initially supplied sector is less concentrated and
its output is higher.

The use of credit also increases in initial credit supply (figures 4.1g and 4.1h). However, due to exiting
firms and lower output the prices are higher for the remaining firms which leaves those better off. They
have a higher profitability and thus require less credit for financing (figure 4.1f). This is indicated by
total profits (figure 4.1b). In the simulation the low tech sector makes negative total profits for higher
A;;- That means that it is likely that firms are Ponzi-financed and need to pay a lot of interest for credit
which cuts into profits. This is indicated by figure 4.1h. Firms in the low tech sector need furthermore

an increasing amount of credit just to pay back old credit so that credit supply induces the need for

further credit if there are no productivity gains.

200 400 600 300 1000 0 200 400 500 300 1000 200 400 600 800 1000

(a) output (b) bankruptcy rates (¢) number of firms

10

200 400 600 800 1000 200 400 600 300 1000

(d) share of credit needed for invest- (e) share of credit needed for invest-
ment low tech ment high tech

Figure 4.2: Over time dynamics for baseline case without R&D and A;, =0
(Blue — high-tech sector)

Figures 4.2 and 4.3 show the dynamics over time of the economy for different initial allocation
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Figure 4.3: Over time dynamics for baseline case without R&D and 1, = 1
(Blue — high-tech sector)

parameters. If the initial supply of credit is higher the credit supply for this sector is comparatively
higher and lower in the other sector. In both cases of initial credit supply, the supplied sector evolves
the same. A comparison of figures 4.2a and 4.3a shows that the economy evolves the same in both
cases and the sectors are just interchangeable. Therefore, the supplied sector output is comparatively
higher and at the same time, the market price is lower. This has implications for the profitability in
the sectors. The supplied sector has a comparatively lower profitability since there are no technological
improvements. This means that at the same time its share of external funds in financing investment
is high (figures 4.2d and 4.2e as well as figures 4.3d and 4.3e) but investment itself is at a high
level as well. Therefore, there is a larger number of firms able to stay in the industry which drives
down concentration (see figures 4.2b and 4.3b or figures 4.2c and 4.3c). Heterogeneity among firm
sizes occurs due to random entry with heterogeneous firm sizes. Only the market share matters for
the relative supply of credit within the sector. Large firms therefore can drive small firms out of the
industry just because of their collateral. For the well supplied sector this is not a problem since also
the small firms have enough access to credit. The under supplied sector shows high concentration
because credit is scarce. Nevertheless, total profits are low in the supplied sector because firms have
to pay large amounts of interest for their funding which hurts profitability. Therefore, credit supply

sustains the number of firms in the sector but not its profits.
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4.3.2 Baseline Case With R&D

We now ask whether the credit allocation has a similar impact if R&D matters (¢ > 0).
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Figure 4.4: Impact of initial credit allocation with R&D
(Black — Low Tech; Blue, Dashed — High Tech)

Figure 4.4 shows the impact of the initial allocation parameter A, when the high tech sector is willing

to conduct more basic R&D, b§D > bRP and has a higher probability per unit invested than the low
im,in im,in

tech sector as well (a}"" > a;"™"). The high-tech sector with a high R&D intensity is much better off
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when it is supplied credit in the first place. The output of the low-tech sector changes only marginally
but the output of the high-tech sector decreases significantly in the initial allocation of credit (figure
4.43). The lack of credit also hurts profits more in the high tech sector than its supply benefits the
low-tech sector (figure 4.4b). Figure 4.4c indicates that a lack of credit is followed by a higher number
of firms exiting the industry. This has implications for the long-term allocation of credit. Since the
high-tech sector can grow because it has an initial high supply of credit, increased price pressure drives
firms out of the industry. This raises bankruptcy rates and the bank shifts away credit to the low-tech
sector (figure 4.4d). The number of innovations and imitations supports this view (figures 4.4e and
4.4f). The lower sectoral profits for the high tech sector require that a higher share of investment needs
to be financed by credit as figure 4.4g confirms. Also, figure 4.4i indicates that initial allocation of
credit does not matter if firms can improve by conducting R&D. The share of credit needed to set off
old debt is low and does not vary in the initial allocation. There is only the exception when all credit is
initially allocated to the high-tech sector. Because the high-tech sector starts with using a lot of credit
and only diminished that usage over time when some firms improve upon technology sometimes the

ratio may be high after 1000 periods. Compare figures 4.5d and 4.6d as well.
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Figure 4.5: Over time dynamics for baseline case with R&D and A}, =
(Blue — high-tech sector)

Figure 4.5 shows the dynamics over time for the baseline case with R&D and initial allocation
parameter A* = 0 where the R&D intensive sector is supplied all the credit. The images are averages
taken from 10 runs. This supplied sector is able to innovate and hence increase output (figure 4.5a)

and the allocation parameter shifts to the low-tech sector over time (figure 4.5b). The reason is
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that the high-tech sector is exposed to many exiting firms. The shift of credit to the low tech sector
is clearly visible in the amount that firms need to refinance old debt (figures 4.5c and 4.5d). The
low tech sector lacks credit supply but at the same time does not need to repay any loans which
would cut into profits. After a while, this changes due to the allocation parameter of the bank and
firms of the low-tech sector need to take a loan just to repay old debt. The same is observed in
the opposite direction for the high tech sector. It initially has access to credit which leaves it in

need of further credit for repayment. As there is no further credit supplied, this liability vanishes as well.
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Figure 4.6: Over time dynamics for baseline case with R&D and 1;}; = 1
(Blue — high-tech sector)

Figure 4.6 shows why an initial high supply of credit for the low tech sector leaves the sector being
supplied even after a period of non-supply. The periods when firms rely on credit to repay old debt
do match with the allocation parameter again (compare figures 4.6¢ and 4.6d with 4.6b). The initial
advantage of credit supply is more beneficial for the low tech sector which is able to evolve more quickly
(figure 4.6a). This evolution also causes the credit to shift to the low tech sector more quickly than in
the opposite scenario. Nevertheless, the initial advantage of full supply lets the high tech sector evolve
fast enough to be less reliant on credit. Figure 4.6d compared to figure 4.5¢c indicates decreasing need

to refinance old credit which confirms that view.

103



4.4 Bank Policy

The bank can affect the dynamics of the industries by the weight A it puts on profitability. Recall that
the bank policy is inspired by risk management literature where lenders estimate the creditworthiness
of their borrower. They are giving it a rating classification number and then base their decision on it.
The effect of this policy is that the sector that is more innovative will get relatively more credit for the
better profitability of its member firms on the one hand, but will suffer from less credit supply due to

the higher drop out rate that stems from increased competition in that sector.

Figure 4.7 depicts the results for an experiment of the impact of the weight on information in the rating
process fixed by the bank. The results indicated are for incremental values of that weight A € [0,1].
The figure shows that the high tech sector prospers most in a situation where sector specific features do
not matter (A = 1). If the bank puts nevertheless, much weight on sector specific information (A = 0)
the evolution of both industries is slower with the exception that the low-tech sector has higher total
profits (figure 4.7¢).

Output is affected much more for the high tech sector (figure 4.7a) than for the low-tech sector, where
it is almost constant. As the industry concentration increases in both industries (figure 4.7b), it seems
that it is mostly the exit of firms that leads to lower total profits in the low - tech sector. Although the
number of exits is much higher in the high tech sector (figure 4.7d) total profits increase. Also, credit
surplus increases for both sectors (figure 4.7f). This is due to the much higher number of innovations
and imitation in the high tech sector (figures 4.7g and 4.7h). The bank allocates more credit to the
low-tech sector (figure 4.7¢) which reduces negative credit surplus due to the increased supply. The
high-tech sector makes more profits and due to less credit demand its credit surplus increases.
Furthermore, the technology gap between sectors widens and the weight put on the less innovative
sector increases in A. This is indicated by the number of innovations and imitations in figures 4.7g and
4.7h. This happens although the bank allocates more credit to the low-tech sector. This allocation of
credit induces a higher use of credit and a higher further dependence on credit (figures 4.7i through
4.7k). Thus, the bank policy does have a distinct influence on the evolution of the economy: as it
puts more weight on global competition, that is the profitability, it promotes the firms with the best
cash flow and does not take into account credit defaults by exiting firms. It has to be pointed out
however, that the credit supply is constant in units of capital, that is, as firms do leave the economy,
credit supply in absolute terms is lower in the next period. As firms with better cash flow are promoted,

there is more credit surplus as those firms do not require external funding. At the same time, the firms
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relying on external funding are offered comparatively less credit. There are more bankruptcies and a
higher tendency toward monopolistic sectors. Furthermore, as A increases, the impact of A* and a,, the
default quota adjustment speed becomes more negligible. Innovation becomes more crucial since it has
only a global effect. The disadvantage of innovation for a single sector due to increased competition,

increased bankruptcies, vanishes for A = 1.
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Figure 4.8: Over time dynamics for A =0
(Blue — high-tech sector)

The parameter A* is without meaning in this scenario. Figure 4.8 depicts the over time dynamics for
A =0 and figure 4.9 shows the dynamics if A = 1 for an average of 10 runs. If only market share
matters (A = 0) firms stay rather identical in each of the sectors. Furthermore, they are supplied with
the same amount of credit since they all have the same market share. Both effects reinforce each
other. Both sectors can grow almost equally with slight advantages for the high tech sector (figure
4.8a). The allocation parameter A increases a bit (figure 4.8d) which is the reason that the low tech
sector has access to credit and is able to grow at about the same pace as the high tech sector. Figures

4.8b and 4.8c show that both sectors face similar bankruptcy rates. The similar need of credit in order
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to finance R&D is visible in figures 4.8e and 4.8f while figures 4.8g and 4.8h show that also the credit
needed in order to repay old debt is similar and at a low level. The high tech sector is constrained in
its growth because credit is shifted away to the low tech sector. If the bank puts all weight on sector
specific issues the bankruptcy rate information will exert its equalizing effect to the maximum extent.
If the bank puts weight on profitability only it does react on the different levels of profitability between
the high tech and the low tech sector. Figure 4.9 shows that the high tech sector is able to fully benefit
from its inherent advantage of a higher probability of innovating and imitating. It grows very fast
(figure 4.9a). The low tech sector hardly grows as all the high tech firms are more profitable as the low
tech firms and hence the low tech sector has not much access to credit. Figures 4.9b and 4.9c indicate
that in both sectors there are more bankruptcies than in the regime where A = 0. Furthermore, also
the credit needed in financing R&D is a little bit different. While for the low-tech sector there is no
clear difference (figure 4.9d), the high tech sector is in increasing need of credit for R&D over time
(figure 4.9e). Additionally, the rate of credit needed to repay old debt is higher for both sectors in this
scenario (figures 4.9f and 4.9g). The equalizing impact of the bankruptcy ratios is without any effect
here. A better technology is not punished due to credit supply in this scenario. The high tech sector
benefits from that. The remaining firms will keep up wanting to conduct R&D which is why the share
of credit needed for that increases over time. Both sectors use credit more as it is not shifted away by
the bank. Nevertheless, as the high tech sector evolves faster those firms will be allocated most credit
due to their high profitability. This is visible in the slow evolution of the low tech sector (figure 4.9a).
Thus, the bank policy determines to what extent competition will impact credit supply. The more the
bank focuses on sector-specific information, that is market-share and risk, first of all, the more similar
will the evolution of both sectors be. If the bank does not distinguish between sectors it does not
take risk into account and competition across sectors is not important. Then, the more innovative
sector will attract most of credit supply because the most innovative firms are much more profitable.
Therefore, the high tech sector will be able to evolve much faster while the low-tech sector has hardly

any access to credit and thus evolves almost not at all.

In order to check for the robustness of the results a Wilcoxon-Signed-Rank Test is conducted. This
non-parametric test is done for the impact of the bank policy under 50 random market and firm policy
setups for a significance level of 95%. As market conditions cannot be influenced by the agents in this
model, the focus is on policies. Furthermore, since the impact of credit constraints is the matter of

interest, the results obtained are checked for robustness by focusing on the bank policy and comparing
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three levels of it. It is checked whether the results obtained from the comparative analysis hold in
broader, randomly chosen parameter setups, that is, in a broader environment. The Wilcoxon-Signed
Rank Test confirms the qualitative findings of this section and of the following one as well, so that

those are concluded to be robust at a 95% significance level (see appendix C.2).

4.5 Market Outlook and Expectation Formation

In this section we examine the impact of different kinds of expectation formation by the bank on the
evolution of the sectors. The bank chooses how much credit to allocate to each sector by setting A}
according to a mix of financial data and technological growth expectations. Financial data analysis is
backward looking. We want to assess the ramifications of rather forward-looking market analyses and
whether they have the potential to become self-fulfilling. The financial data is covered by the cash flow
and the survival ratios. Growth expectations aim at forecasting the average productivity of each sector.
Expectations are formed by adapting to the history of average productivity levels of the sectors. The
variation of a single parameter in the expectation formation rule can yield outcomes for three different
mindsets of the bank affecting the rating. By changing this parameter B, over a range of negative and
positive values, a fundamental view, naive expectations and trend extrapolation are incorporated in the
simulation. A fundamental bank view prevails if B, is negative. If it is zero, there are naive expectations
and for positive values the bank follows the current trend.

The bank first computes the average growth of average productivity in each sector for a particular

period H. In more detail the average productivity of industry I at period t is

= ic1 AirKi
Az,tziz’e’ ) (4.26)
Yier Ki

The growth rate of average productivity in industry I at period ¢ is

—1 4.27)

The average productivity growth over a period of length H, where the current period is included, is

then

1 H—1
On=—Y 8- (4.28)
H h=0
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The bank does not know the productivity of the upcoming period when it is making the credit decision,

therefore it forms the expectation

gi=g+ ﬁg (gz - ®t) (4.29)

which applies to both sectors the same. If the adjustment speed and strategy parameter B, = 0, the
expectation is naive. The larger B, is, the more speculative is the nature of the expectation. If B, is
negative, the bank believes that the growth rate will converge to its long-term average. Here, the term
©®; can be understood as the moving average of growth rates for the last H periods. Suppose that the

bank translates their expectation about sector I into a scoring number ¢/ according to

1
Ol

e &) (4.30)

with & >0 and which assures that o/ € [0,1]. This has advantages for comparing it with the impact

of the survival ratios which are also between zero and one. Then, the new allocation rule is
A = Min[1, Max[0, A’ +a; (Rrs—1 —Rys—1) + by, (61, — 014)]] (4.20b)
with b; > 0.

First, we examine how much of an impact the market outlook may have. We compare different levels of
importance between b € [0, 1] for A = 0.375 and for a conservative, mean reverting rule of expectations

B; = —1 to illuminate the effect. Figure 4.10 shows the result for the experiment about the importance
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Figure 4.10: Impact of market outlook

of the market outlook for the impact at 7 € [980, 1000] for 100 repetitions. Figure 4.10a shows that the

output for the high tech sector and the low-tech sector is hardly affected. The reason for the effect on
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output is visible in figure 4.10b which indicates that for the high-tech sector there will be an increasing
amount of credit surplus while at the same time, credit surplus for the low tech sector will be even more
negative as soon as the bank takes the outlook into account. However, the degree of this consideration
does hardly matter. The ability to produce output is directly linked to access to credit. Figure 4.10c
indicates the reason for the evolution of credit surplus. The allocation of credit is more in favour for
the high-tech sector as the market outlook becomes effective. The impact of the outlook however, does
not have a major impact.

This impact can actually lead to the effect that the high-tech sector will have more access to credit
while without taking market outlook into account it would not have at all. The impact on credit supply
reveals this very clearly: for market outlook not taken into account at all (b; =0), both, the low tech
sector and the high-tech sector have about zero credit surplus. The importance of market outlook
drives a wedge into credit surplus at the expense of the low-tech sector because the bank shifts credit
to the high-tech sector. This is a reinforcing effect since more credit means also a higher likelihood of

innovating which in return means better a market outlook.

We now ask what impact the kind of expectation formation by the banking sector has. Recall that it
may have conservative expectations closely related to the long-term average or that expectations may
be formed in a trend-extrapolation fashion. We use & =400 and b; = 0.35. The time span is again

covered until 7 = 1000. The experiment is conducted for B, € [—1,2].
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Figure 4.11: Impact of extrapolation of banks

Figure 4.11 shows how the expectational mindset of the bank impacts the economy in the long run.
Results reveal that the way expectations are formed does have an impact on the credit decision (figure
4.11a) but the impact on total output. is meager (figures 4.11b). Credit surplus seems to increase
for the low tech sector and to decrease for the high tech sector, but the scale is very small (figure

4.11c). Extrapolating the technological progress does lead, however, to less credit being supplied to
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the innovative sector (figure 4.11a). The reason is that increased expectations and increased credit

supply for a sector does lead to higher output and better technology. It also is followed by increased

competition and industry exits. These exits have a negative impact on further credit supply which is

hence shifted away from the innovative sector. Thus, if the bank takes the survival ratios into account

it is unlikely that even very optimistic expectations lead to more credit supply for the sector in the long

run.
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Figure 4.12: Over time dynamics
sector)
0.70
120
0.65
100
0.60
80
P 055
0 050
20 045
200 400 600 300 1000

(a) output

200 400 600 800 1000 0 200 400 600 300 1000

(b) score low tech (c) score high tech

200 400 600 500 1000

for mean-reverting expectations (Blue — high-tech

PV

200 400 600 800 000 0 A 4

(b) score low tech (c) score high tech

200 100 600 800 1000

(d)A*

Figure 4.13: Over time dynamics for extrapolative expectations (Blue — high-tech sector)

The figures 4.12 and 4.13 show the differences in dynamics over time for mean-reverting expectations

(figure 4.12) and for extrapolating ones (figure 4.13) as average over 10 simulation runs. The scoring
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points difference for expectations is visible in figures 4.12b,4.12c and 4.13b,4.13c. If the bank has
mean-reverting expectations this has a much longer lasting impact on scoring because the average
growth matters more than short term deviations. Also, the scores are usually above the threshold of
0.5. Furthermore, if deviations are extrapolated this works also the other way round after high growth
rates due to innovation are not sustained in the following periods. The long lasting scoring impact
drives market specific credit supply towards the high-tech sector (4.12d).

If the bank has extrapolative expectations its judgment is much more volatile and short-lived. Because
growth expectations are both, highly positive and severely negative, the overall impact on A¢ is volatile
and the parameter is slightly increasing, under huge fluctuations (figure 4.13d). Therefore, the impact
of the survival ratio is of higher weight and A* tends to shift credit to the low-tech sector over time more
distinctly for B, > 0. If the bank follows mean-reverting expectations scoring differences last longer and
technology improvements have a longer lasting impact on A*. Therefore, the high-tech sector benefits
more from that as a larger share of credit is allocated to this sector (figures 4.12a and 4.13a).

Only mean-reverting expectations have the potential to offset the impact of bankruptcy ratios. If
expectations change too quickly as in trend extrapolating scenarios there is no lasting expectation that
can cope with increasing bankruptcy ratios. The positive expectations of the high tech sector are just
not lasting long enough to exert a positive impact over the bankruptcies triggered by competition and
therefore fast changing expectations have not a distinct effect.

The robustness check in the appendix reveals that even the allocation parameter is very sensitive to
varying parameters. In fact, there is no significant impact on any variable. This supports the meager
impact of the expectation formation not only on the allocation of credit, but especially on the aggregate
variables. As long as credit surplus for a sector does not change signs for increasing parameter values,
there is no distinct effect. Figure 4.10b shows that for all values of the expectation rule parameter f3,
credit surplus does not change the sign in neither sector. Whether credit surplus is at a critical stage
where the expectation has the potential to leading to a change in signs depends on the parameter A —
the bank rule.

Although the impact of expectations is quite visible in A%, the composition of the creditworthiness
judgment is such that the impact of expectations does not overshadow financial rating. In practice,
financial rating accounts for fifty to eighty-five percent of the rating outcome (Everling et al., 2009, p.
234). Therefore, there is a visible but not significant impact of the expectations for economic outcomes,
such as output or market power in this model. Also in reality the impact of expectations on the long

term economic pattern can be expected to be limited as far as credit rating is concerned.
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4.6 Concluding Remarks

In this paper we addressed the question which role bank routines play in the pace of innovation in an
economy. We focused on rating rules that impact two different sectors via credit supply by constraining
firms in investment and R&D. In particular, technological progress enhances productivity and output
in a sector but also competition so that an increasing number of firms may exit the industry. If the
increase in productivity of the surviving firms is too low to compensate for the loss of production by
exiting firms, sectoral output decrease in average productivity of a sector.

We build on an evolutionary model where firms in each sector compete by their productivity. They
choose how much they invest and how much to spend on R&D on top of investment. R&D spending
depends positively on the profit history. Both sectors feed back to each other, as well as do single
firms, via credit supply. The supplier provides credit according to a rating rule and therefore firms
might be constrained. We examine the impact of rating behaviour by addressing two aspects. First,
the importance a bank adjoins to either profitability or sector-specific information. Second, we assess
to what extent expectation formation of the bank affects the credit supply.

Within the credit supply decision there are also contrary effects. The bank assesses the prospects of any
firm relative to its rivals. An individual firm may have good prospects but if the prospects of the sector,
for instance the survival ratio, are low due to increased competition the firm might be constrained in
credit nevertheless.

Both aspects of the bank decision have a decisive role in a rating process that takes the sectoral risk
from competition into account. As a sectoral average productivity increases more firms in that sector
go bankrupt at the same time. Both, the weight and the way the bank forms expectations can influence
the impact of the rating procedure. The weight parameter simply determines the impact that risk can
exert on the rating decision. If the bank focuses on cash-flow (financial information) the high-tech
sector evolves much differently than the low tech sector. It benefits much from its inherent advantages
of a higher ability of finding new technology. The low tech sector suffers from that success as the
high-tech sector will absorb almost all the credit supply.

The expectation formation of the bank is able to counterbalance the impact of the risk assessment.
If the bank has mean-reverting expectations it keeps up expecting a good evolution of the high-tech
sector for an extended period. This leads to a persistent shift of credit to the high-tech sector. If the
bank has extrapolative expectations it follows upswings and downswings in the average productivity.

Therefore there is no persistent force that can outbalance the impact of the higher risk in the high-tech
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sector. Hence, credit is shifted gradually to the low tech sector and differences between sectors are less
pronounced.

Nevertheless, the structures of the regime matter more for the evolution of the economy while the
expectation formation is hardly decisive. The robustness check reveals that the decision parameter is
quite robust in its impact while the expectation formation is not significant at all. Therefore, there is

a clear hierarchy in the determinants of the evolution of the economy.
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Appendix C

C.1 Parameters and Variables

Control Parameters - basic values

average credit supply in unit of capital I 0.05

bank's weighing parameter for credit offer || A || 0.375

The intervals that the parameters for the test are chosen from are:

€ [0.027,0.033]

€ [0.144,0.176]

€ [0.018,0.022]

€ [0.0063,0.0077]

€ [0.0018,0.0022]

€ [0.0216,0.0264]

€ [0.00756,0.00924]
e [0 00216,0.00264]

€ 2.

€[l

€[o.

e[l

€l

€l

€l

D,
AS

ini

35,45]
0.45,0.55)

Table C.1: Parameter space for the robustness check
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Parameters

Demand low-tech sector Dy 40
Demand high-tech sector Dy 40
Effectivity of imitation effort low-tech sector aim 0.02
Effectivity of innovation effort low-tech sector aim 0.007
Effectivity of effort high-tech sector aimin | 1.2.qimn
Effectivity of effort low-tech sector bRP 0.002
Effectivity of effort high-tech sector bRP 1.2-pkP
Adaptation speed for sector-specific credit due to survival ratios a, 0.5
Adaptation speed for sector-specific credit due to technol. change by, 0.25
initial no. of firms 10
initial capital Kl? 100
initial technology Ag 0.15
interest rate i 0.05
initial R&D spending desire QDS 0.004
firms’ R&D adjustment policy parameter AF 2
depreciation rate o 0.03
production costs c 0.16
lower capital barrier for bankruptcy crit 1
time horizon for profit history T 3
time horizon for productivity history H 20
markup parameter for investment desire [0} 3
parameter for scoring points 13 400

C.2 Robustness Check

The following tables depict the result of the Wilcoxon Signed Rank test for 100 random samples of
above parameter space. If the Null Hypothesis cannot be rejected, ”ns” is depicted. If it can be rejected,
then the direction of difference between sample medians is shown. Where * is depicted, there is no

debt to be repaid because credit supply is zero and thus there is no test for that particular case.
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Low Tech Sector

credit supply [| output. | credit surpl.

A=0vs.A =05

by, =0 ns ns
by =0.25 < <
by =0.5 < <
A=05vs. A =1

b)L =0 < <
by =0.25 ns <
by =0.5 ns <
A=0vs.A=1

by =0 < <
b?L =0.25 < <
b)L =0.5 < <

High Tech Sector

credit supply H output \ credit surpl.

A=0vs. L =05

by =0 ns ns
b}L =0.25 < <
by =0.5 ns ns
A=05vs. A =1

by =0 < <
b) =0.25 ns <
by =0.5 ns ns
A=0vs.A=1

by, =0 < <
b) =0.25 < <
by =05 < ns

Table C.2: Results of the Wilcoxon-Signed-Rank Test for the bank policy
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Low Tech Sector
credit supply [| output [ credit surpl. | A*(both sectors) |

Bs=—1vs. B, =0

by =0 ns ns ns
by =0.25 ns ns ns
by =0.5 ns ns ns
B, =0vs. B, =2

by =0 ns ns ns
by =0.25 ns ns ns
by =0.5 ns ns ns
Be=—1vs. B, =2

by =0 ns ns ns
by =0.25 ns ns ns
by =0.5 ns ns ns

High Tech Sector

credit supply H output \ credit surpl.

By=—1vs. B, =0

by =0 ns ns
b) =0.25 ns ns
by =0.5 ns ns
B, =0vs. B, =2

by =0 ns ns
by =0.25 ns ns
by =0.5 ns ns
Be=—1vs. B, =2

by =0 ns ns
by =0.25 ns ns
by =05 ns ns

Table C.3: Results of the Wilcoxon-Signed-Rank Test for the expectation formation
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Summary

This dissertation deals with the impact of speculative behaviour on output patterns of the real
economy. The impact may be twofold. Speculative behaviour occurs due to positive developments at
the real economy and optimistic outlooks. Also, speculative behaviour may occur at other markets, like
the stock market. We address both, a spill-over effect and the build up of speculation due to economic
activity. Therefore, we implement realistic behaviour in an evolutionary framework and use emerging
heterogeneity for the impact assessment. Inspired by the dotcom-bubble we focus on technological
advancement as possible factor of growing optimism.

In the first part of this thesis we introduce feedback from stock prices into a model of economic growth
determined by financing constraints. We focus on three known feedback channels: stock market
information for the assessment of creditworthiness, stock market value as determinant in determining
bankruptcy of a firm and performance based compensation of the firm management.

The second part introduces financing constraints into an evolutionary framework and tackles deter-
minants of credit supply for their impact on the occurrence of innovation. Those determinants are
market based and also behavioural in nature.

The third part provides a more detailed bank behaviour and two industrial sectors competing for credit.

Therefore, the third part is a refinement of the second one.

Keywords: Stock Prices, Speculation, Financial Fragility, Innovation, Credit Constraints
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Résumé

Cette thése parle de I'impact des comportements spéculatifs sur I'économie réelle. Les comportements
spéculatifs peuvent avoir deux origins: les développements positifs de I'économie réelle et les perspectives
économiques, les marchés financieres comme par exemple les marchés actions. Nous analyserons les
deux origines. Par conséquent, nous allons mettre en cevre des comportements réalistes dans un contexte
évolutif en utilisant I'hétérogénité grandissante, pour évaluer I'impact des comportements spéculatifs.
En se basant sur la bulle dotcom, nous allons nous concenter sur I'avancement technologique comme
possible facteur de I'optimisme grandissant.

Dans la premiére partie de cette thése nous allons présenter les résultats obtenus via un modele déterminé
par des contraintes de financement, et utilisant les prix des actions. Nous allons nous concentrer sur
3 types de répercussions assez connues: l'information donnée par le marché de I'action en vue de
déterminer la solvabilité, la valeur de marché du titre en vue de déterminer la probabilité de banqueroute,
et la partie de la rémunération du management qui est adossée sur la performance.

La seconde partie de la thése parlera les contraintes de financement dans un cadre évolutif et soulignera
les déterminants de I'offre de crédit qui impactent la fréquence des innovations. Ces déterminants sont
basés sur les données de marché et concernent des aspects comportementaux.

La troisieme partie fournit en détail le comportement des banques et de deux secteurs industriels qui

se battent pur le crédit. La troisieme partie est donc un approfondissement de la seconde.

Mots clefs: Prix des Actions, Spéculation, Fragilité Financiére, Innovation, Restrictions du Crédit
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