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Nous prenons l'approche d'annonce des salaires avec la recherche d'emploi à étudier trois problèmes dans le marché du travail. Le premier problème concerne l'arrêt de travail prématuré des travailleurs. Tel arrêt de travail prématuré crée des risques de chiffre d'affaires pour les entreprises, donc les entreprises veulent proposer des profils de salaire pour minimiser ces risques. Dans ce problème, l'asymétrie de l'information joue un rôle important. Nous adoptons une approche du mécanisme design et considérons les différents timings auxquels l'information privée est réalisée. Dans un papier de suivi, nous proposons une politique d'âge spécifique par laquelle cette inefficacité peut être atténuée, et étudions son implication sur le bien-être et la production globale. Dans le deuxième problème, nous revisitons l'analyse du bien-être de l'impact de la discrimination sur le choix des compétences sous une norme d'embauche multidimensionnelle le long des caractéristiques qui sont soit liées à la productivité soit indépendantes de la productivité. Nous montrons comment l'investissement de compétences stratégique entre le groupe favorisé et discriminé se pose. Nous comparons également deux mécanismes de détermination des salaires (salaire annoncé et négocié) pour vérifier la robustesse de résultats. Dans le troisième problème, nous considérons dans quelle mesure l'allocation de chômage et le salaire minimum peuvent corriger les répartitions inefficaces découlant du pouvoir de marché des firmes. Notre contexte concerne les petits marchés où le ratio travailleurs/firmes ne soit pas grand. L'imperfection de marché vient du fait qu'au marché du travail à petite échelle les firmes paient un niveau de salaire moins que le niveau compétitif. Nous procédons à partir d'un point de vue d'organisation industrielle, et proposons en se concentrant sur la mauvaise répartition d'emploi et de surplus lors de l'analyse de l'efficacité de l'instrument de la politique.

Résumé étendu

Le but de ce résumé est de décrire la position de cette thèse dans la littérature, et de présenter les contributions principales. Nous allons fournir le résumé de chaque papier séparément, et d'indiquer également les principaux mécanismes correspondants.

0.1 L'information asymétrique avec la recherche d'emploi concurrentielle 0.1.1 Le contrat dynamique [START_REF] Mortensen | Autobiography of dale t. mortensen[END_REF] mentionne que "Le message de base du volume Phelps publié en 1970 était que l'on pourrait et devrait examiner les problèmes du marché du travail comme les résultats du comportement du marché des agents individuels qui agissent dans leurs propres intérêts du mieux qu'ils peuvent dans un environnement de marché caractérisé par des incertitudes et d'information incomplète." Depuis [START_REF] Phelps | Microeconomic foundations of employment and inflation theory[END_REF], la recherche d'emploi et l'arrimage sont présentés comme des départs typiques de la théorie de Walras du marché du travail, ce qui permet de tenir compte des externalités de négociation. Mais la théorie de la recherche d'emploi concurrentielle conduit à la réduction de la distance entre le modèle d'arrimage et le paradigme Walrasien: un marché décentralisé peut internaliser l'externalité de la recherche d'emploi, conduisant à un équilibre efficace [START_REF] Moen | Competitive search equilibrium[END_REF]). 1 Comme dans Guerreri, Shimer et Wright (2010), (GSW),

x ce papier réintroduit l'incomplétude informationnelle dans un environnement de recherche d'emploi concurrentielle pour tenir compte de l'inefficacité de la répartition d'emploi dans le marché du travail. Les travailleurs bons génèrent du surplus plus élevé, cependant, pour les employeurs qui ciblent ces travailleurs, ils attendent à attendre plus longtemps pour être jumelé avec eux, ce qui implique des coûts plus élevés virtuels. Compte tenu de leur engagement sur la stratégie d'embauche, ces employeurs veulent empêcher les travailleurs indésirables ('mauvais') de se postuler, et il est fait en sacrifiant une partie du surplus de ces bons travailleurs. Ensuite, même si le processus2 de discrimination est dirigé 'contre' les mauvais travailleurs, son coût induit (la rente informationnelle) est 'payé' par les bons travailleurs -ceux qui ont intérêt à travailler plus longtemps dans notre contexte.

Le but de ce papier est d'étendre les résultats de la GSW (2010) à un contexte dynamique. Les choix intertemporels nous permettent de rendre compte de (i) les grands risques de chiffre d'affaires qui sont confrontés aux entreprises, et (ii) l'aversion au risque qui caractérise la fonction d'utilité des travailleurs et les conduit à demander un lissage du profil de salaire. Ainsi, dans notre benchmark, la caractéristique non-observable est la probabilité de rester des travailleurs, alors que dans le contexte statique de GSW (2010), tel est la productivité des travailleurs. En outre, nous analysons deux types d'asymétrie d'information: (i) une hétérogénéité ex ante classique où le problème des employeurs est de filtrer les types indésirables pour induire l'auto-sélection parmi les travailleurs informés ex ante (sélection adverse), (ii) une hétérogénéité ex post où le travailleur observe une information privée seulement après la relation de travail a été établie, donc les employeurs doivent proposer des contrats lui permettant à la fois de trier et de conserver des travailleurs (un problème d'engagement). Nous adressons également les résultats de Guerreri (2008) en tenant compte de l'aversion au risque. D'un point de vue méthodologique, nous décrivons nos principaux résultats dans un modèle stylisé à deux périodes du marché du travail et nous étendons également dans la dernière section notre benchmark à trois périodes d'étudier la croissance des salaires. Cette extension nous permet de justifier le choix transitoire de mobilités des travailleurs: après une 0.1 L'information asymétrique avec la recherche d'emploi concurrentielle xi séparation, ils peuvent re-entrer dans le marché du travail. Fondamentalement, il existe deux types de travailleurs dans le marché du travail: ceux qui ont une meilleure option à l'extérieur après une 'période', et les autres ayant cette option uniquement après deux 'périodes'. 3Compte tenu de cette hétérogénéité, les frictions de recherche d'emploi peuvent conduire les employeurs à trier les travailleurs, puisque les rendements ex post pour les entreprises sont hétérogènes, même si les coûts de créer une vacance sont homogènes. Dans le contexte de l'hétérogénéité ex ante, nous montrons que les résultats de GSW (2010) peuvent être étendus à ce contexte dynamique. Plus précisément, les frictions de recherche d'emploi et d'arrimage assurent que l'équilibre de séparation peut toujours être atteint. En effet, par rapport à un environnement concurrentiel à la [START_REF] Rothschild | Equilibrium in competitive insurance markets: An essay on the economics of imperfect information[END_REF] (RS), l'équilibre dans la recherche d'emploi concurrentielle introduit une nouvelle restriction: l'arrimage est bilatéral -chaque principal peut servir tout au plus un agent ex post, alors que dans RS (1976), chaque principal correspondant peut servir la population totale. 4 Lorsque le nombre de principals et le nombre d'agents sont suffisamment grands, toute déviation qui vise les deux types au même temps s'avère non-rentable. Ainsi, les probabilités d'arrimage ajustent de façon endogène pour équilibrer le marché. Ainsi l'étude de GSW (2010) fournit une référence théorique pour notre problème, et il y a principalement deux aspects le long desquels notre papier est différent du leur. Tout d'abord, notre papier capture la dynamique des salaires d'une manière traitable. Dans notre modèle, l'information asymétrique affecte non seulement le compromis entre le surplus ex post et de la probabilité de l'obtenir, elle conduit aussi à une distorsion sur la dynamique des salaires intertemporelle en raison de l'aversion au risque des travailleurs. Comme il est bien connu en termes de théorie du contrat, nous montrons que les travailleurs sont tenus de concéder certains montants de salaires dans l'entreprise en garantie au début de la relation de travail, et au cas où ils en effet restent dans l'entreprise dans la période xii suivante, le montant peut être récupéré avec le taux d'intérêt (de profil de salaire croissant): les travailleurs devraient être responsable du risque causé par eux-mêmes. La question cruciale est de savoir si les entreprises donnent sur-ou sous-compensation aux travailleurs en raison de l'information privée des travailleurs. Nous montrons qu'il est la situation antérieure: en vertu de la recherche d'emploi concurrentielle, les entreprises neutres au risque réduisent les salaires de la première période à un point tel que les mauvais types sont découragés à se postuler. Toutefois, afin de ne pas perdre les postulations des bons travailleurs, le salaire de la deuxième période doit augmenter à un point tel que les salaires totaux de cette relation d'emploi donnés à de bons travailleurs parviennent à dépasser le niveau des informations complètes, à savoir, les entreprises sur-compensent en termes de transfert salarial total. Comparé au cas où l'information est complète, les entreprises ont un surplus ex post plus bas, mais en échange, ils doivent recevoir le plus souvent des postulations de travailleurs en raison des quantités excessives de salaires affichés. Ainsi, notre étude donne fondations d'équilibre à l'ancien résultat de [START_REF] Salop | Self-selection and turnover in the labor market[END_REF], où une politique de rémunération optimale est telle que les employés sont invités à faire un paiement initial au début de la relation de travail aux firmes, qui sera remboursé progressivement dans les périodes subséquentes, conditionnellement à leur séjour à la firme. Les travailleurs ayant une probabilité plus élevée de quitter choisissent de ne pas postuler aux entreprises avec cette offre de contrat, car ils attendent à ce qu'ils ont une faible probabilité de recevoir les remboursements à l'avenir. Un mécanisme d'auto-sélection est ainsi induit. Il est également important de mentionner que les résultats de Salop et Salop (1976) ne sont pas assez robustes: si les travailleurs ont d'aversion au risque, et si les entreprises sont neutres au risque sur un marché concurrentiel avec une condition de libre entrée, le modèle de [START_REF] Salop | Self-selection and turnover in the labor market[END_REF] effondre immédiatement à partager le même problème que le modèle de RS (1976): il peut exister aucun équilibre dans un marché concurrentiel, quand la fraction de mauvais travailleurs est suffisamment faible dans l'économie. Dans un contexte avec de la recherche d'emploi concurrentielle à la manière de GSW (2010), ce problème est naturellement résolu.

Deuxièmement, notre extension immédiate concerne variation de la marge extensive. Ceci est absent dans GSW (2010) et la plupart de la littérature de la sélection adverse standard. Les travailleurs avec aversion de risque diffèrent dans leur valeur de l'option à l'extérieur, et choisissent d'entrer dans une relation d'emploi à long terme ou court terme avant la recherche d'emploi. Les travailleurs ayant valeur de l'option extérieure inférieure souhaitent éviter le risque de non-emploi, et en réponse, le marché offre un taux d'emploi élevé. Cependant, un taux d'emploi élevé soulève des risques d'inoccupation des entreprises.
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Nous montrons ensuite que, en vertu de l'asymétrie d'information, les travailleurs choisissent d'entrer en relation à court terme le plus souvent parce que l'introduction de la contrainte d'incitation abaisse discrètement l'utilité attendue de travailleurs d'entrer dans une relation à long terme. En outre, les bons travailleurs souffrent de taux d'emploi inférieur par rapport au cas d'une information complète, ce qui implique un taux de non-emploi moyen plus élevé dans l'économie décentralisée.

Si nous nous éloignons de la structure d'information à la GSW (2010), notre modèle stylisé du marché du travail étend également les résultats de [START_REF] Guerrieri | Inefficient unemployment dynamics under asymmetric information[END_REF] où les travailleurs ne connaissent leurs types qu'après l'acceptation du contrat. Dans ce cas, le contrat doit assurer que ex post les travailleurs ne mettent fin à l'arrimage de façon unilatérale. Plus précisément, nous sommes dans une situation où les entreprises ont un engagement total, alors que les travailleurs ont un engagement limité. Comparée à [START_REF] Guerrieri | Inefficient unemployment dynamics under asymmetric information[END_REF], notre deuxième extension dispose d'aversion au risque et nous nous concentrons sur l'option extérieure des travailleurs (désignée par h), qui dépend de possibilités permanentes à l'extérieur de l'entreprise, au lieu de désutilité spécifique, conditionnelle à un arrimage spécifique transitoire. Ces apparemment petites modifications conduisent à un mécanisme tout à fait différent. Nous constatons qu'il y a une marge sur le terme lié à la rente informationnelle, à savoir que nous avons G(h) g(h) u ′ (h) au lieu de G(h) g(h) u ′ (h), où G (.) est la fonction de répartition de la variable aléatoire h, g (h) est la densité de probabilité de h, et u ′ (.) est l'utilité marginale. La littérature standarde suppose que G(h) g(h) est en augmentation par rapport à h, tandis que pour G(h) g(h) u ′ (h) ce n'est pas le cas. Sous l'aversion au risque (u ′′ (h)), la pente de la rente informationnelle est moins raide. Toutefois, il est clair que par rapport à l'économie d'information complète, le taux de quitter la relation de travail est plus grand et le taux d'emploi est inférieur.

Cette étude est organisée de la manière suivante. Dans la première partie du papier (section 2), nous présentons le benchmark où la probabilité des travailleurs de quitter la firme est connue ex ante, exogène, et non observable par les entreprises. Il existe deux types de travailleurs: ceux qui quittent tôt et le reste qui quitte plus tard. Comme dans GSW, nous montrons qu'il existe toujours un contrat de séparation, qui est caractérisé par une distorsion du profil de salaire accordée par les bons travailleurs (ceux qui quittent tard): dans le segment de ces travailleurs, le profil de salaire annoncé est croissant par rapport à l'âge, ce qui est une conséquence directe de la contrainte de compatibilité des incitations, alors que, xiv dans le segment des mauvais travailleurs, il n'y a pas de distorsion (de taux de salaire plat). Ceci suggère que le manque d'information concernant l'horizon des travailleurs mène au bien-être sous-optimal des travailleurs qui acceptent a priori à travailler plus longtemps. La deuxième partie du papier (section 3) montre comment le contrat dynamique des salaires induit une distorsion supplémentaire sur la marge extensive du marché du travail. En effet, la décision sur l'horizon de travail dépend essentiellement de l'option extérieure des travailleurs. Les travailleurs peuvent être au courant de cette hétérogénéité avant (ex ante hétérogénéité) ou après (ex post hétérogénéité) le processus d'arrimage. Nous analysons ces deux types d'hétérogénéité. Premièrement, nous montrons que les contrats optimaux conduisent à introduire des distorsions salariales (caractérisés par un profil de salaire croissante par rapport à l'âge) sur le marché du travail pour les bons travailleurs, pour les deux types d'hétérogénéité, comme dans le benchmark. Dans le cas de l'ex ante hétérogénéité (section 3.1), le nouveau résultat est que le seuil de réservation d'équilibre est plus faible que dans l'économie d'informations pleines: le moins transparente est l'information sur les options extérieures, le plus le nombre de travailleurs qui choisissent à court terme de la relation d'emploi. Avec ex post hétérogénéité (section 3.2), nous montrons aussi que non seulement plus de travailleurs choisissent de quitter le marché du travail tôt, mais le taux des travailleurs qui veulent travailler pour deux 'périodes' de l'emploi est plus faible que dans le cas de l'information complète. Dans la section 4, nous discutons de la robustesse de notre résultat dans une extension multi-période de benchmark. La section 5 conclut.

Les points importants

L'équilibre de la recherche d'emploi concurrentielle, comme [START_REF] Moen | Competitive search equilibrium[END_REF] a mentionné, est une construction théorique. En effet, il semble assez étrange que nous maximisons par rapport au salaire et la longueur espérée de la file d'attente dans le même temps. Il est plus intuitif à le comprendre comme un processus en deux étapes. Dans la première étape de ce processus, nous considérons un modèle de la recherche dirigée où la fonction d'arrimage n'est pas dérivée de façon endogène, mais est une fonction d'arrimage arbitraire vérifiant les propriétés classiques. Cette étape correspond à un jeu d'affichage des salaires avec la friction de coordination. Son concept de solution est équilibre de Nash parfait en sous-jeux. Il y a une variable globale appelée l'utilité espérée du marché. Dans une économie où le nombre des travailleurs et le nombre des firmes sont grands, il est raisonnable de supposer que tous les agents de l'économie prennent cette variable comme donnée, en ce sens que la stratégie d'individu n'a pas d'impact sur cette variable. Selon le timing d'un jeu d'affichage 0.1 L'information asymétrique avec la recherche d'emploi concurrentielle xv de salaire standard, nous commençons par la dernière étape. Compte tenu de tout vecteur d'offre salariale, la stratégie de postulation de chaque travailleur est une meilleure réponse du vecteur d'offre salariale en question et la stratégie de postulation des autres travailleurs; La stratégie de chaque entreprise (le salaire) est une meilleure réponse aux salaires d'affichage des autres entreprises, et en même temps une meilleure réponse aux stratégies de postulation de tous les travailleurs, et les entreprises anticipent correctement les meilleures réponses des travailleurs étant donné que tous les travailleurs choisissent leurs meilleures réponses en comparant l'utilité espérée de recherche d'emploi à chaque entreprise avec l'utilité espérée du marché, qui est, comme mentionnée ci-dessus, supposée être invariante à la stratégie de tout agent individuel. Dans la première étape, les entreprises maximisent par rapport au salaire. Formellement, nous résolvons le problème d'un déviateur, et dans un équilibre symétrique un déviateur ne peut faire mieux que de choisir la même stratégie que son homologue, et en équilibre, toute firme anticipe correctement la stratégie des autres entreprises. La condition de premier ordre nous permettra d'établir une relation fonctionnelle optimale entre le salaire et la longueur espérée de la file d'attente (une transformation de la stratégie de postulation des travailleurs), ainsi que d'une relation fonctionnelle optimale entre l'utilité espérée du marché et la longueur espérée de la file d'attente des travailleurs. Puis, dans la deuxième étape, nous considérons la condition par laquelle les entreprises gagnent des profits nuls. Avec cette condition d'entrée libre, nous sommes en mesure de déterminer la valeur optimale de la longueur espérée de la file d'attente dans l'équilibre avec la condition d'entrée libre.

Notre point de départ fondamental est le papier de Salop et Salop (1976), qui traitent un problème de sélection adverse où les travailleurs peuvent quitter le travail prématurément, et les entreprises veulent minimiser les coûts de chiffre d'affaires. Nous retraitons ce problème dans un cadre de recherche d'emploi concurrentielle avec l'aversion au risque des travailleurs. Quand il n'y a pas de problème d'information, nous constatons que la valeur optimale de salaire augmente avec la probabilité de rester, et le niveau optimal de la longueur espérée de la file d'attente diminue avec la probabilité de rester. Ce résultat implique que dans le cas d'hétérogénéité, les travailleurs à plus faible probabilité de rester auraient l'intention de choisir l'allocation des travailleurs qui ont une probabilité plus élevée de rester. Ensuite, pour éviter l'arbitrage, la compatibilité d'incitation doit être garantie. Quand il y a asymétrie de l'information, nous montrons dans une note séparée que le résultat de Salop et Salop (1976) avec l'auto-sélection n'est pas robuste quand nous changeons leur notion de la compétitivité à l'un avec l'entrée libre de firmes (profit nul). En effet, leur problème effondre à un qui souffre du problème de Rothschild et Stiglitz (1976) où il peut y avoir pas d'équilibre. Une xvi question naturelle est de savoir si, dans notre contexte, ce problème peut être résolu. GSW (2010) montrent que les RS (1976) problème peut être résolu dans un cadre de recherche d'emploi concurrentielle avec la sélection adverse, parce que dans un tel contexte avec la recherche d'emploi et l'arrimage, l'hypothèse implicite d'arrimage bilatéral sert à une contrainte de capacité à travers laquelle le bénéfice des entreprises qui veulent dévier ajuste de façon endogène le long du canal de recherche d'emploi, puis une conséquence directe est que dans une économie d'une grande échelle une firme qui veut dévier ne peut jamais trouver profitable d'annoncer une allocation qui vise à tous les types à fin de bouleverser l'allocation qui tend à séparer. GSW (2010) suggèrent que cela est parce que dans une économie d'une grande échelle où le nombre de travailleurs et le nombre des entreprises deviennent suffisamment élevés, l'allocation qui vise à tous les types peut progressivement être postulée uniquement par les mauvais types, avec lesquels les entreprises vont gagner des bénéfices négatifs. L'existence et l'unicité de l'équilibre de séparation sont garantis selon GSW (2010).

Nous pourrions aussi jeter un oeil sur le problème de l'information du point de vue de la théorie des incitations classique. Nous considérons de présenter des courbes d'indifférence d'entreprises et de travailleurs dans un système de coordonnées Cartésiennes où les valeurs de la longueur espérée de la file d'attente sont représentées sur l'axe Y et les valeurs de salaire par période sur l'axe X. On peut démontrer par théorème des fonctions implicites que les courbes d'indifférence de travailleurs sont concaves tandis que les courbes d'indifférence d'entreprises sont convexes. Les courbes d'indifférence d'entreprises doivent passer l'origine, parce que chaque fois qu'une entreprise est inactive, elle n'a pas de profit et dans cette situation, elle n'annonce pas de salaires (ou de façon équivalente le salaire est nul) et il n'y a pas de longueur de la file d'attente dans cette entreprise. Quant aux travailleurs, nous constatons que le point où la courbe d'indifférence des bons travailleurs et la courbe d'indifférence des mauvais travailleurs se croisent, la courbe d'indifférence pour les mauvais travailleurs est plus raide. De notre Proposition 1, nous apprenons que les bons travailleurs peuvent obtenir des salaires plus élevés et trouver un emploi plus souvent, de sorte que nous sommes en mesure de conclure que les mauvais travailleurs ont l'incitation de choisir les allocations de bons travailleurs, ce qui implique qu'il peut y avoir arbitrage. Le fait que la courbe d'indifférence pour les mauvais travailleurs est plus raide implique aussi que lorsque nous essayons d'introduire la contrainte d'incitation qui empêche l'arbitrage et induit l'auto-sélection, ce sont les bons travailleurs qui reçoivent le contrat déformée et les mauvais travailleurs reçoivent de la rente d'information, parce qu'il est plus coûteux pour 0.1 L'information asymétrique avec la recherche d'emploi concurrentielle xvii les entreprises d'augmenter l'utilité de mauvais travailleurs de haut pour que les mauvais travailleurs trouvent le contrat pour les bon travailleurs moins attrayant. Il est bien établi dans la théorie des incitations sans la recherche d'emploi que la condition que les courbes d'indifférence de différents types se croisent qu'une seule fois (de sorte que à tout point l'une courbe est plus raide que l'autre) est suffisante pour garantir la séparation des différents types, et elle est nommée comme la condition d'intersection unique; Il est important de souligner que dans le contexte de la recherche d'emploi concurrentielle avec la sélection adverse, GSW (2010) montrent qu'une condition appelée 'le tri', qui est plus générale que la condition d'intersection unique, est suffisante pour garantir l'existence et l'unicité de l'équilibre séparateur.

La présentation de contrainte d'incitation rend les bons travailleurs de recevoir le contrat déformé de telle sorte que leur bien-être diminue discrètement, puis il y a la perte de bienêtre et de l'inefficacité. Il est alors naturel de penser comment réduire cette inefficacité en raison de l'asymétrie d'information. De façon heuristique, si nous voulons réduire cette inefficacité, nous devrions faire les mauvais travailleurs les moins disposés à choisir le contrat des bons travailleurs. Le prochain papier est un effort dans ce sens sur la base de la politique d'âge dirigée. Nous voulons montrer que, dans une économie où le décideur est soumis au même problème d'asymétrie de l'information, l'inefficacité pourrait être réduite par un transfert de l'allocation de chômage des travailleurs âgés aux jeunes travailleurs d'une manière redistributive.

La redistribution d'allocation de chômage par rapport à l'âge

Il est habituel de présenter le système d'assurance-chômage optimal comme un arbitrage entre 'lissage' et 'incitation': l'assurance chômage permet aux travailleurs qui ont aversion de risque de lisser leurs flux de consommation, mais le timing de ces assurances doit également les conduire à accepter rapidement une proposition d'emploi (voir [START_REF] Shavell | The optimal payment of unemployment insurance benefits over time[END_REF]). Dans un contexte principal-agent avec aléa moral, Hopenhayn et Nicolini (1997) (ci-après HN) montrent que le contrat optimal consiste en une assurance régressive de chômage qui diminue avec la durée de chômage, ainsi que d'une taxe sur les salaires après réemploi, qui dépend positivement sur la durée de chômage précédente. Hairault, Langot, Menard et Sopraseuth (2012) montrent que le résultat de HN (1997) est affaibli si l'hétérogénéité d'âge est présente. En effet, avec un état d'absorption de retraite introduit, les travailleurs de chômage qui sont proches de la retraite ont une forte probabilité de quitter définitivement le marché du travail, ce qui empêche le principal de récupérer l'allocation de chômage xviii transférée à ces travailleurs. Une taxe de pension est suggérée de remédier à ce problème. [START_REF] Michelacci | Optimal life cycle unemployment insurance[END_REF] poursuivent en outre à travers la direction de la politique de l'âge. Ils montrent que la redistribution des allocations de chômage à partir des travailleurs âgés aux jeunes travailleurs peut apporter gain supplémentaire pour le bien-être, même si le niveau des allocations de chômage existant est déjà proche de l'optimum. Leur résultat est basé sur deux arguments. Tout d'abord, l'assurance chômage est relativement plus précieux pour les jeunes travailleurs, parce que le lissage de consommation est plus difficile à atteindre pour les jeunes au cours d'une période de chômage; Deuxièmement, la question de l'aléa moral pour la jeune génération est relativement doux, parce que les jeunes travailleurs devraient avoir plus forte incitation d'améliorer leurs perspectives de carrière -leurs investissements en capital humain ont des rendements marginaux plus élevés. Le but de ce papier est de compléter l'analyse d'un système de l'allocation de chômage selon l'âge des travailleurs, en proposant un argument fondé sur une vision d'équilibre du marché du travail. Notre argument principal est le suivant: en fournissant des revenus supplémentaires pour les jeunes chômeurs, le système d'assurance peut mieux prévenir les travailleurs 'mauvais' (les travailleurs qui vont quitter plus tôt) de postuler aux 'bons' emplois (les emplois qui attendent une durée pour plus long temps) dans un marché où les entreprises manquent d'informations concernant l'horizon des travailleurs dans le marché du travail (de l'information privée). Ainsi, une redistribution des allocations de chômage des jeunes aux travailleurs âgés pourrait réduire les coûts de l'information.

Notre cadre est plus proche de [START_REF] Guerrieri | Inefficient unemployment dynamics under asymmetric information[END_REF] et [START_REF] Guerrieri | Adverse selection in competitive search equilibrium[END_REF], et peut être résumé comme suit. Il y a seulement une source d'hétérogénéité: l'horizon prévu de rester dans l'entreprise. Embaucher un travailleur à plus longue horizon génère un surplus espéré plus élevé, donc les entreprises qui visent à entrer dans une telle relation à long terme sont prêts à couler plus de coût actuel ex ante et attendre plus long temps pour que l'arrimage avec un tel travailleur ait lieu. Cependant, les travailleurs ayant un horizon court reçoivent plus de surplus par se faire passer pour des travailleurs à plus longue horizon. Les employeurs sont alors obligés d'annoncer les contrats qui induisent l'auto-sélection -un problème de sélection adverse se pose alors. Comme il n'y a aucun moyen d'accroître encore l'utilité de travailleurs à court horizon pour les rendre moins enclins à pratiquer l'arbitrage, les allocations pour les travailleurs avec de long horizon doivent être faussées pour cette cause. Intuitivement, ces travailleurs ayant un long horizon génèrent un surplus espéré plus élevé, de sorte qu'il est possible pour l'entreprise de sacrifier une partie de celui-ci pour le processus de sélection. Ainsi, un mécanisme de tri est mis en oeuvre: [START_REF] Bi | Dynamic contracts in search equilibrium under asymmetric information[END_REF] 0.1 L'information asymétrique avec la recherche d'emploi concurrentielle xix prouvent l'existence d'équilibre du marché du travail segmenté lorsque l'information est asymétrique. Les contrats d'incitation compatibles peuvent segmenter le marché du travail: les 'mauvais' travailleurs (travailleurs ayant horizon court) reçoivent un contrat non-distordu, alors que les 'bons' travailleurs (ceux qui ont plus l'horizon) reçoivent un contrat distordu. Bien que le processus de discrimination est dirigé "contre" les mauvais travailleurs, le coût induit est 'payé' par les bons travailleurs avec un contrat distordu. Les mauvais travailleurs reçoivent la rente d'information. La structure précise et le contexte de Bi et Langot (2015) sont les suivantes. Dans le benchmark, les travailleurs sont modélisés comme ayant une probabilité exogène de quitter le marché du travail. Cette probabilité peut être élevée ou faible, et n'est parfaitement connue au moment de l'embauche que par les travailleurs. 5 Nous étendons ensuite le benchmark à deux autres cadres où les travailleurs sont autorisés à faire du choix de participation. Dans le premier cadre avec le choix de participation, les travailleurs reçoivent, avant la recherche d'emploi, un signal précis mais privé de leur valeur de la production à la maison pour la phase ultérieure de leur vie, selon laquelle ils choisissent le sous-marché caractérisé par la durée de la relation d'emploi fondée sur cette information privée. 6 Deuxièmement, l'hétérogénéité ne se réalise qu'au stade ex post -ni les travailleurs ni les entreprises connaissent l'utilité de loisirs du travailleur avant l'arrimage, mais en cours de contrat cette caractéristique devient observable par le travailleur. 7 Enfin, nous considérons une extension de benchmark à trois périodes (sans le choix de participation), où le choc de la participation a lieu de manière récurrente et les travailleurs qui sont une fois choqués hors du marché peuvent devenir de nouveau actifs, afin de vérifier la robustesse du modèle.

Dans cet article, nous nous concentrons sur l'impact de préalimenter les allocations de chômage par âge de manière redistributive. Puisque le décideur est soumis au même problème de l'information asymétrique comme dans le cas décentralisé, il implique nécessairement un subventionnement croisé entre les différents types de travailleurs. Qualitativement, la 5 Ce premier cas est proche de nombreux modèles de marché du travail où les horizons des agents sont limités: voir Chéron, [START_REF] Chéron | Age-dependent employment protection*[END_REF], 2013), ou Menzio, Telyukova et Visschers (2015). 6 Depuis le milieu des années 90, les choix de retraite sont au centre pour le décideur, étant donné les problèmes liés au financement du système Pay-As-You-Go. Travaux théoriques et empiriques montrent aussi comment l'état du marché du travail interagit avec ce choix de la retraite: voir [START_REF] Coile | Bulls, bears, and retirement behavior[END_REF][START_REF] Shimer | Mismatch[END_REF], 2011), Hairault, Langot et Sopraseuth (2010) et Hairault, Langot et Zylberberg (2015) 7 Ce modèle tient compte de l'information qui devient disponible après une première partie de carrière: les travailleurs ont des conditions de travail hétérogènes, ce qui conduit à une hétérogénéité des distributions de la richesse et / ou de santé, et donc, de la valeur du loisir dans la deuxième partie de leur carrière. Ces expériences particulières aux travailleurs peuvent expliquer l'hétérogénéité dans l'âge d'entrée dans les programmes d'invalidité (voir par exemple Low et Pistaferri (2010)), ou dans l'âge de la retraite pour les individus ex ante identiques (voir, par exemple, Cutler, Meara et Richards-Shubik (2011) ).

xx redistribution induit le subventionnement croisé du bien-être entre les travailleurs de différents types, ce qui peut aggraver (ou atténuer) l'externalité informationnelle -prétendre d'être un autre type peut devenir plus (ou moins) attrayant pour le mauvais type. Quantitativement, la mesure d'une telle subvention croisée dépendra de la fraction de chaque type de travailleurs qui profitent de l'allocation de chômage dans le marché du travail. Certains résultats sont résumés comme suit. Dans le benchmark de deux périodes, où le choc se produit qu'une seule fois, la redistribution est toujours bénéfique pour les 'mauvais' travailleurs; Quant aux 'bons' travailleurs, les résultats de leur variation de bien-être dépendent d'une comparaison entre la perte de subventions croisées et un gain de l'externalité de l'information atténuée, et ce dernier effet domine quand la fraction des bons travailleurs est suffisamment élevée. Le bien-être global améliore toujours, parce que le subventionnement croisé fait toujours les mauvais travailleurs relativement moins réticents à se faire passer pour l'autre type -la contrainte de l'information est détendue.

Maintenant, nous considérons le choix de sous-marché des travailleurs. Si ce choix est fait avant la recherche d'emploi, les résultats du benchmark sur le bien-être ne sont pas modifiés, cependant, nous constatons que la marge de participation est en outre déformée après redistribution, dans le sens que la redistribution induit une plus grande fraction des travailleurs de choisir le sous-marché d'une période (de sorte qu'ils ne travaillent pas dans la seconde période). Nous soutenons que cela pourrait à son tour réduire la production totale dans le sous-marché de deux périodes. Ainsi, dans ce cadre, il y a un compromis entre la perte dans la production globale et le gain de bien-être global. Maintenant, nous considérons que le choix de la participation est fait après l'arrimage. Lorsque l'allocation de chômage ne peut être réclamée par les travailleurs qui quittent prématurément pour profiter de la production à la maison, un tel transfert n'a aucun impact sur le bien-être, car il ne rentre pas dans la contrainte de l'information. Quand elle peut être réclamée, telle redistribution peut apporter un gain de bien-être global, et cette redistribution peut augmenter la marge de participation en cas d'asymétrie d'information. Enfin, à partir de l'étude d'une extension de trois périodes du benchmark avec le choc de la participation récurrent, nous établissons que les résultats du modèle à deux périodes pourraient être généralisés sous une condition assez forte. 0.2 Holdup et l'embauche discriminatoire xxi 0.2 Holdup et l'embauche discriminatoire Un hold-up problème se pose lorsque les investissements capitaux sont faits ex ante par une partie, et la récompense est partagée avec le partenaire de cette partie. Comme le coût des investissements n'a pas d'autre utilisation une fois coulé, ce partenaire aura tout intérêt à presser le bénéfice au stade ex post. Dans une importante étude sur un tel problème dans un marché du travail avec la recherche d'emploi, [START_REF] Acemoglu | Holdups and efficiency with search frictions[END_REF] montrent que, si les entreprises font les investissements capitaux et les salaires sont négociés ex post, l'équilibre est toujours inefficace, puisque les salaires versés peuvent être si élevés de telle sorte que l'incitation ex ante de l'investissement des entreprises soit nuite; tandis que si les entreprises sont en mesure d'annoncer des salaires dirigeant la recherche des travailleurs, alors le problème de holdup de l'investissement à des entreprises ne se déroule non plus; l'efficacité peut être atteinte, car l'affichage des salaires permet aux travailleurs d'observer offres et de choisir où postuler, et il induit les travailleurs d'optimiser leur utilité espérée de la demande d'emploi aux entreprises en faisant un compromis entre le salaire et la probabilité de l'obtenir pour tous les salaires qu'ils observent. Dans le cadre de l'affichage de salaire conventionnel, nous apercevons une autre source d'inefficacité dans un problème de holdup où les travailleurs sont responsables du coût d'investissement de compétences: lorsque le marché est bondé pour les entreprises, en adoptant une norme à l'embauche discriminatoire, les entreprises sont en mesure d'exproprier un niveau de profit qui est supérieur au niveau socialement optimal, ce qui a pour conséquence de décourager les incitations de l'investissement pour le groupe des travailleurs favorisés et le group des travailleurs discriminés au même temps. Nous analysons l'impact d'un tel comportement de la recherche de rente des entreprises sur la structure de la segmentation du marché, et sur les incitations à l'investissement de compétences des travailleurs.

Lorsque la discrimination est absente, l'économie de l'affichage de salaire avec les investissements de compétences des travailleurs atteint efficacité dans les équilibria, et nous montrons que quel équilibre émerge dépend de la rivalité entre le rendement logarithmique de l'investissement de compétences et la tension du marché (ratio travailleurs/entreprises), qui mesure le degré de concurrence sur le marché. La raison fondamentale derrière ce résultat de l'efficacité est que le niveau des compétences est une qualité qui peut être légalement inscrite dans les contrats salariaux. Il est une autre histoire lorsque d'autres caractéristiques (binaires) qui ne sont pas étroitement liés à la productivité, comme le sexe, la race, taille, origine, etc. entrent également dans la préférence des entreprises.

xxii Conformément à la législation sur l'égalité salariale, les salaires affichés ne peuvent pas être conditionnés explicitement sur ces caractéristiques; Toutefois, si les entreprises sélectionnent les travailleurs toujours selon leur préférence sur ces caractéristiques, un équilibre séparateur peut avoir lieu où les entreprises séparées affichent différents niveaux de salaires, et les travailleurs de différents groupes se trient et postulent à des salaires différents: le marché est alors endogènement ségrégé. Du côté des entreprises, elles ont intérêt à adopter une telle norme d'embauche discriminatoire, lorsque le rendement de l'investissement de compétences des travailleurs est suffisamment élevé; dans ce cas, la discrimination leur permet de saisir un niveau de profit qui est plus élevé que le niveau socialement optimal. Du côté des travailleurs, il se révèle que le groupe des travailleurs discriminés et le group des travailleurs favorisés sont tous les deux pire en termes d'utilité: pour le premier, il est parce que la discrimination réduit discrètement l'occasion du marché du travail de ces travailleurs, qui anticipent la discrimination, puis exigent des salaires plus bas, ce qui les rend moins cher d'embaucher du point de vue des entreprises; pour ce dernier, il est ainsi parce que lorsque les entreprises sont en mesure d'embaucher les travailleurs qui sont victimes de discrimination à moindre coût, il est comme si les entreprises bénéficient un plus grand niveau de 'pouvoir de marché', qui leur permet de supprimer davantage le surplus des travailleurs du groupe favorisé. Naturellement, anticipant la discrimination, tous les groupes attendent un niveau de gain inférieur de la recherche d'emploi, ce qui compromet leurs incitations à l'investissement de compétences.

Une particularité importante de notre étude est la multidimensionnalité des caractéristiques selon laquelle les travailleurs sont classés. D'une part, il y a de classement par l'identité de type qui dépend de la productivité des travailleurs: les travailleurs sont soit qualifiés (type H) ou peu qualifiés (type L); les qualifiés ont la priorité aux travailleurs peu qualifiés simplement parce que tel classement donne aux entreprises des bénéfices plus élevés. D'autre part, il y a de classement par l'identité du groupe qui est indépendante de la productivité: les travailleurs appartiennent soit au groupe favorisé (groupe a) ou au groupe discriminé (groupe b). Le classement obtenu a l'ordre suivant: aH ≻ bH ≻ aL ≻ bL. On y lit: étant donné un niveau de compétence, les travailleurs du groupe a sont préférés aux travailleurs du groupe b; au même temps, les travailleurs qualifiés sont toujours préférés aux travailleurs peu qualifiés. Sous un tel ordre de classement 'entrelacé', la décision d'investissement de compétences pour différents groupes devient stratégiquement interdépendante. On se concentre sur l'équilibre de Nash de stratégie pure sur investissement de compétences, dans l'économie de l'affichage des salaires, nous constatons que, selon la valeur de la tension du marché il peut y avoir 0.2 Holdup et l'embauche discriminatoire xxiii d'équilibre ou des équilibria multiples sur investissement de compétences en raison de cette interdépendance stratégique. Par rapport à l'économie sans discrimination, lorsque le marché est très bondé (la tension du marché est faible) pour les entreprises, la discrimination est rentable pour les entreprises et tous les travailleurs sont moins bien en termes d'utilité; lorsque le niveau de la tension du marché augmente, tous les deux groupes peuvent choisir le faible niveau de compétences et à l'équilibre à chaque fois qu'un groupe sous-investissent, l'autre groupe restent qualifiés et sont mieux en termes du surplus espéré, alors que les entreprises sont moins bien relativement au cas sans discrimination. En particulier, il existe un équilibre où le groupe des travailleurs favorisés sous-investissent, tandis que le groupe des travailleurs discriminés choisissent de rester qualifiés; et dans ce cas les profits des firmes baissent, parce que le fait qu'il y a des travailleurs qui sous-investissent dans les compétences conduit à une baisse de la productivité moyenne de l'économie par rapport au cas où la discrimination est absente. Dans l'économie où les salaires sont négociés (déterminés selon une règle de partage fixe) après l'arrimage entre une firme et un travailleur est fait et donc ne dirigent pas la recherche d'emploi, nous trouvons d'équilibre similaire où le groupe favorisés sousinvestissent, donc gagnent un niveau de surplus espéré inférieur par rapport au cas sans discrimination dans une certaine région du pouvoir de négociation des travailleurs; dans un tel équilibre, le surplus est transféré d'entreprises et du groupe des travailleurs favorisés au groupe des travailleurs discriminés. Les profits d'entreprises sont monotones par morceaux, parce que l'augmentation de pouvoir de négociation des travailleurs peut accroître leur incitation de l'investissement des compétences, et donc améliorer discrètement la composition des compétences de marché et de la productivité moyenne. Nous constatons également qu'il y a une gamme intermédiaire du pouvoir de négociation des travailleurs aux valeurs desquelles les profits des entreprises sont moins grands lorsqu'elles discriminent, en raison de l'investissement de compétences découragé de groupe des travailleurs discriminés. Dans l'ensemble, la principale différence entre l'affichage des salaires et la négociation salariale est que le salaire réel négocié dépend d'une manière exogène sur la productivité, et les entreprises ne peuvent plus manipuler leur pouvoir de marché en traduisant leur préférence discriminatoire sur des salaires constamment inférieurs.

Litérature xxiv

La recherche d'emploi est un canal important par lequel la discrimination maintient son fonctionnement au marché du travail. Plusieurs articles ont mis en évidence l'impact de la discrimination à travers le canal de recherche d'emploi sur les inégalités salariales. Pour en nommer quelques uns, Pendakur et Woodcock (2010) montrent que les plafonds de verre existants pour les travailleurs immigrés et des minorités peuvent être attribués par une large mesure de leur faible accès aux emplois dans les entreprises à hauts salaires; En outre, dans un article important du Ritter et Taylor (2011), ils montrent que la plupart de la disparité du taux de chômage ne pouvait être expliquée par les compétences cognitives qui émergent à un stade précoce, bien que pour l'écart salarial, il pourrait être le cas. Ce résultat concernant la disparité entre les taux de chômage est confirmé par la constatation que cette disparité est encore importante, même pour les travailleurs de niveaux de compétences similaires.

Notre étude est plus étroitement liée à la littérature de recherche d'emploi dirigée (directed search en anglais). Dans cette littérature, les frictions de la recherche d'emploi sont dérivées de façon endogène par des interactions stratégiques séquentielles des agents. Tenant compte de l'interaction stratégique permet que l'externalité de la recherche d'emploi soit internalisée. L'économie résultant demeure concurrentielle, mais avec une structure de marché non-Walras, et les prix jouent un rôle d'allocation pour atteindre l'efficacité. Au mieux de nos connaissances, dans la littérature de la discrimination avec les frictions à la recherche d'emploi, seulement deux d'entre eux sont construits sur le contexte d'affichage des salaires. Lang, Manove, et Dickens (2005, ci-après LMD) montrent qu'une règle d'embauche discriminatoire pourrait conduire à une segmentation du marché du travail et l'écart salarial important avec même une différence négligeable de la productivité; cependant, le groupe des travailleurs discriminés se révèlent avoir taux de chômage inférieur, ce qui est en contraste frappant avec des évidences empiriques. [START_REF] Merlino | Discrimination, technology and unemployment[END_REF] vise à améliorer le résultat de LMD (2005). Il considère en outre l'investissement pré-marché du côté des entreprises, et obtient la dispersion de la technologie et de l'écart de chômage réaliste. Ses résultats reposent sur l'hypothèse forte qu'il y a plus de discrimination dans le secteur de la haute technologie, et il est silencieux sur les niveaux de compétences des travailleurs. Notre papier diffère de la leur, en ce que notre objectif est d'analyser comment discrimination à l'embauche pourrait déformer les incitations à l'investissement de compétences des travailleurs et la structure de la segmentation du marché.

Holdup et l'embauche discriminatoire xxv

Bien que la configuration de la négociation salariale (pas d'information de niveau de salaire avant l'embauche) soit plus répandue, elle néglige un compromis important que les travailleurs fassent dans une certaine mesure dans leur recherche d'emploi: le salaire et la probabilité de l'obtenir. Ce lien entre le salaire et la probabilité d'emploi endogène est particulièrement important, puisque les salaires donnent des informations sur si les employeurs discriminent. Ayant des informations disponibles sur salaires avant l'embauche, les travailleurs sont en mesure d'adapter en conséquence leur stratégie de recherche pour éviter d'être victimes de discrimination. Les travailleurs ne postulent à certains salaires que lorsque leur gain espéré (le salaire fois de la probabilité de l'emploi) de cette postulation atteint certain niveau, et un salaire élevé qui attire aussi le groupe des travailleurs favorisés abaisse discrètement la probabilité d'emploi pour le groupe des travailleurs discriminés à un point tel que le gain espéré pour ce dernier à se postuler à ces entreprises de haute salaire n'est pas à la hauteur du gain espéré du marché. Cette configuration est soutenue par Lang et Lehmann (2012) et [START_REF] Heckman | Detecting discrimination[END_REF], qui mentionnent que les travailleurs ne se postulent pas au hasard et ils évitent effectivement les employeurs préjugés dans une certaine mesure, ce qui implique l'externalité de recherche entre-groupe est prise en compte par les travailleurs victimes de discrimination. En outre, il est bien connu que l'externalité de recherche d'emploi à l'intérieur du groupe peut être répandue lorsque les salaires sont négociés; tandis que dans le contexte d'affichage des salaires, nous sommes en mesure de faire abstraction de cette externalité et se concentrer sur la discrimination. Hall et Krueger (2010) utilisent des données américaines pour montrer que la fraction des salaires affichés et la fraction des salaires négociés sont à la fois environ un tiers. Ils documentent également une relation négative entre le niveau d'éducation et d'information précise concernant la rémunération prévue. Brenzel, Gartner et Shnabel (2013) mettent l'accent de leur étude sur le côté de l'employeur en Allemagne, et ont montré que près des deux tiers du salaire sont affichés, et les salaires négociés ont lieu plus probablement pour ceux qui ont de l'enseignement supérieur et de la qualification. Le message est que non seulement l'affichage de salaire est un processus de détermination des salaires répandu dans le marché du travail, plus important encore, il est également dominant dans le secteur pour les travailleurs relativement peu qualifiés. Dans notre contexte, les employeurs ne peuvent pas annoncer les salaires conditionnels à l'identité du groupe des travailleurs qui est sans rapport avec la productivité, et cela pourrait être compris comme raison de la fonctionnement de la législation de l'égalité des chances.

La littérature qui traite le problème de la discrimination dans un contexte de recherche d'emploi aléatoire est plus vaste. Cependant, pour avoir un tel modèle pratique qui est bien xxvi lié aux évidences empiriques, la discrimination introduite dépend souvent fortement aux préférences des employeurs; donc à fin d'obtenir des résultats réalistes il peut nécessiter faire de compromis par faire l'hypothèse sur les différences ex ante dans les paramètres régissant les caractéristiques pertinentes des travailleurs. Rosen (1997) est une exception et montre que la discrimination peut résulter, même s'il n'y a pas de différences entre les groupes. Les possibilités d'emploi arrivent de façon stochastique, les travailleurs des minorités choisissent productivités de réservation au-dessus de laquelle ils acceptent le travail; Pour éviter de rencontrer les travailleurs de la majorité qui sont toujours préférés, les travailleurs minorités choisissent d'accepter des emplois plus souvent, même avec des salaires de réservation faibles. Bien que l'information privée soit l'élément clé dans le modèle de Rosen (1997), l'externalité de la recherche d'emploi reste le canal principal pour le fonctionnement du mécanisme de discrimination. Notre accent est mis sur la façon dont l'ordre de classement des entreprises contribue à l'interdépendance stratégique dans les décisions d'investissement de compétences des travailleurs, et de l'externalité de la recherche d'emploi est internalisée lorsque la recherche est dirigée.

A la fin, Il y a aussi la littérature importante de la discrimination statistique, qui met l'accent sur le rôle de l'asymétrie d'information sur les qualités liées à la productivité. Un brin de cette littérature tire les inégalités entre groupes de façon endogène, même en l'absence de différence ex ante sur les caractéristiques pertinentes entre différents groupes. Leur mécanisme est que les croyances asymétriques des employeurs sur les caractéristiques pertinentes des membres de différents groupes pourraient par la suite réduire l'incitation de l'investissement des agents défavorisés sur la technologie qui est pertinente à l'utilité qu'ils vont obtenir, ce qui justifie à son tour les croyances initiales des entreprises. Notre contexte est différent de cette littérature principalement dans le fait que, au lieu de compter sur l'information qui joue un rôle central dans la génération du résultat pessimiste, nous travaillons à travers un jeu séquentiel où les agents pourraient anticiper correctement les résultats pessimistes, donc choisir de réagir en conséquence d'une manière rationnelle.

Mécanisme

Ce papier est basé sur le contexte de recherche dirigée, où les entreprises annoncent les salaires à fin d'attirer les travailleurs. Travailleurs font le compromis entre le salaire et la probabilité de l'obtenir. Entreprises font le compromis entre le bénéfice ex post et la probabil-0.2 Holdup et l'embauche discriminatoire xxvii ité d'embaucher un travailleur. Le timing est un jeu d'affichage des salaires augmenté par une phase d'investissement de compétences. Tout d'abord, il est de la phase d'investissement de compétences des travailleurs: les travailleurs déterminent dans quelle mesure d'investir dans les compétences -soit haute ou basse. Deuxièmement, il est l'étape d'affichage des salaires des entreprises: les entreprises observent la répartition des compétences des travailleurs, et ils devraient choisir quel niveau de compétence des travailleurs à embaucher et leur stratégie est le salaire correspondant. Troisièmement, il est l'étape de la postulation des travailleurs: Après avoir observé tous les salaires, les travailleurs choisissent où postuler, et leur stratégie est la probabilité de visite attribuée à postuler à chaque entreprise. Enfin, lorsque les postulations des travailleurs arrivent à chaque entreprise, les entreprises vont choisir un au hasard et la paire assortie produit. Nous sommes intéressés par l'équilibre symétrique (à la fois entre les travailleurs et entre les entreprises) où les travailleurs peuvent envoyer seulement une postulation et utiliser stratégie mixte dans la postulation. Le concept du jeu de l'affichage des salaires est équilibre de Nash parfait par sous-jeux. Quant à l'investissement de compétences, nous nous concentrons sur équilibre de Nash en stratégies pures. Nous commençons par l'économie de marché où la discrimination est absente. Nous constatons que la décision d'investissement des compétences des travailleurs dépend de l'interaction entre le rendement logarithmique à l'investissement des compétences et la tension du marché (le rapport entre le nombre de travailleurs et le nombre d'entreprises). Si le rendement logarithmique à l'investissement de compétences est positif et suffisamment élevé par rapport à la tension du marché, alors tous les travailleurs choisissent d'investir dans des compétences élevées. Si ce rendement logarithmique à l'investissement de compétences est négatif, alors tous les travailleurs choisissent d'investir dans de faibles compétences. À une valeur intermédiaire du rendement logarithmique, les travailleurs vont être indifférents de choisir d'être qualifiés ou peu qualifiés. Ceci est le résultat principal de la Proposition 1.

Une caractéristique très importante de ce modèle est sa capacité de capturer l'effet de la concurrence intra-groupe et entre-groupe dans la recherche d'emploi de travailleurs. Quand il y a un seul niveau de compétence sur le marché, il n'y a que l'effet de la concurrence intra-groupe qui est capturé par la classique urnball fonction (endogènement dérivée). 8 Dans le cas où à la fois les travailleurs qualifiés et peu qualifiés sont présents sur le marché, chaque entreprise affichera les salaires conditionnels au niveau de compétences pour les travailleurs qualifiés et les travailleurs peu qualifiés, et de classer les travailleurs qualifiés xxviii dans la priorité aux travailleurs peu qualifiés. En ce sens, le groupe des travailleurs qualifiées évincent le groupe des travailleurs peu qualifiés -il y a aussi l'effet de la concurrence entre les groupes différents. Nous constatons que l'économie de marché est efficace en examinant le problème du planificateur social. L'objectif du planificateur social est de maximiser la production globale en choisissant le niveau de compétence des travailleurs et le planificateur social est soumis à la même friction sur la recherche d'emploi. Nous constatons que, dans l'économie de marché, les régions de la tension du marché qui correspondent aux différents niveaux d'investissement des compétences des travailleurs coïncident avec celles dans la planification sociale de sorte que la répartition d'emploi dans l'économie décentralisée soit également socialement optimale. Il est également important qu'à partir du problème du planificateur social, nous apprenons qu'il est aussi socialement efficace de classer les travailleurs qualifiés en priorité aux travailleurs peu qualifiés. Ceci est le résultat principal de la Proposition 2. Nous allons maintenant nous concentrer sur le cas où le rendement logarithmique à l'investissement de compétences est suffisamment élevé pour que chaque fois que les travailleurs sous-investissent il soit en raison de la discrimination.

Nous abordons ensuite le cas avec la discrimination, qui est introduite de la manière suivante. Nous considérons une caractéristique par laquelle les travailleurs sont divisés en deux groupes: le groupe a et du groupe b. Cela signifie que la caractéristique est binaire. Un tel exemple dans le marché du travail est le sexe. Nous supposons que les entreprises préfèrent groupe a au groupe b en ce sens que chaque fois une entreprise reçoit des demandes de travailleurs des deux groupes, l'entreprise va toujours choisir d'employer les travailleurs du groupe a, et les travailleurs du groupe b ne seront examinés que lorsque les postulations de travailleurs du groupe a ne sont pas arrivés à l'entreprise en question. Nous notons que les entreprises ne sont pas en mesure d'afficher les salaires conditionnels à l'identité du groupe, ce qui fait la différence relativement aux sections précédentes où les salaires peuvent être conditionnels au niveau de compétence. Telle compétition entre les groupes est inefficace: en créant une telle hiérarchie entre les travailleurs, nous constatons que les entreprises peuvent saisir un niveau de profit qui est plus élevé que le niveau socialement optimal, lorsque le rendement d'investissement de compétences est suffisamment élevé et la tension du marché est suffisamment faible (concurrence entre les entreprises est doux).

Une autre caractéristique importante de notre modèle est que l'utilité espérée du groupe favorisé et l'utilité espérée du groupe discriminé sont stratégiquement interdépendantes. En 0.2 Holdup et l'embauche discriminatoire xxix effet, lorsque le classement est tel que les travailleurs qualifiés ont toujours la priorité aux travailleurs peu qualifiés et le groupe a sont toujours en priorité au groupe b, les travailleurs qualifiés du groupe b peuvent être classés à la priorité aux travailleurs peu qualifiées du groupe a. En imposant que les travailleurs du même groupe randomisent vers la même direction, nous considérons équilibre de Nash en stratégies pures. Et nous trouvons les résultats suivants: Chaque fois qu'un groupe de compétences sous-investissent, l'autre groupe restent qualifiés, et peuvent recevoir un niveau de profit plus élevé que le niveau socialement optimal (sans discrimination); dans la situation où un groupe sous-investissent, les entreprises reçoivent toujours un niveau de profit inférieur au niveau socialement optimal. Alors que la discrimination peut être nuisible pour les entreprises, et le surplus est transféré des entreprises et les travailleurs peu qualifiés aux travailleurs qualifiés. Nous constatons qu'il y a un équilibre où le groupe favorisé sous-investissent, de sorte que le groupe discriminé peuvent recevoir plus d'utilité quand la discrimination est potentiellement présente dans le marché du travail. Une autre conclusion tirée de cette analyse est que le groupe b est en général moins bien en ce sens que le seuil de la tension du marché en-dessous duquel il est possible que le group b puissent sous-investir est inférieur à celui pour le groupe a.

Enfin, nous considérons un mécanisme de détermination des salaires différent -Négociation de manière Nash (une règle de partage fixe). Ce mécanisme de détermination des salaires ex post 9 implique que les travailleurs ne disposent pas d'informations sur les salaires de telle sorte que la recherche d'emploi ne soit pas dirigée. Ici, nous sommes intéressés à la façon dont les décisions d'investissement de compétences des travailleurs sont touchées par leur pouvoir de négociation. Et nous trouvons que, similaire à la situation où les salaires sont affichés: (1) Il y a l'investissement des compétences stratégique et quel équilibre émerge dépend de la valeur du pouvoir de négociation des travailleurs; (2) l'équilibre similaire où le groupe favorisé peuvent sous-investir existe lorsque le pouvoir de négociation est à un niveau inférieure; (3) Les travailleurs du groupe b sont en général moins bien en termes de l'utilité en ce sens que le seuil du pouvoir de négociation en-dessous duquel il est possible qu'ils peuvent sous-investir est plus faible que pour groupe a. xxx 0.3 Le pouvoir de marché des entreprises dans le marché du travail Basé sur un contexte d'affichage des salaires avec la recherche d'emploi, Galenianos, Kircher et Virág (2011, IER) (ci-après GKV) affirment que les entreprises dans un marché fini 10 peuvent jouir d'un pouvoir de marché, dans le sens que l'action d'une seule entreprise affecte le résultat de l'équilibre de tous les agents; ils montrent qu'avec les entreprises hétérogènes sur la productivité et des travailleurs tous identiques, il y a perte d'efficacité lorsque l'objectif du planificateur social est de maximiser le bien-être global. Ils établissent en outre que l'introduction de l'allocation de chômage pourrait rétablir l'efficacité, tandis que le salaire minimum conduit à une pire mauvaise répartition d'emplois.

Il y a une incohérence immédiate dans leur exposition: compte tenu de leur définition du pouvoir de marché dans un marché fini, leur résultat aurait toujours été vrai dans le cas particulier où les entreprises ne diffèrent pas de la productivité; Cependant, il est facile d'observer qu'avec des entreprises identiques sur la productivité, l'allocation d'emplois du marché du travail correspond exactement à l'allocation du planificateur social, d'où il n'y aurait plus perte d'efficacité dans le sens de GKV (2011). Quelle est la cause de cette 'disparition' de pouvoir de marché des entreprises? Je soutiens que la perte d'efficacité dans leur étude est en fait due à un effet composé de deux couches: (1) d'une part, qualitativement, il y a la notion classique du pouvoir de marché, ce qui dans notre contexte est interprété comme la capacité de l'entreprise individuelle d'utiliser le salaire annoncé pour modifier la courbe globale d'offre de travail; (2) d'autre part, quantitativement, il y a ce que j'appelle la 'asymétrie de pouvoir de marché' dans le sens que le pouvoir de marché des entreprises avec une productivité différente a d'incidence asymétriquement différente en grandeur à la répartition d'emploi. Ces deux effets ont lieu lorsque les entreprises sont hétérogènes de la productivité, qui est étudié dans GKV (2011); dans le cas où l'hétérogénéité est absente, toujours présent est le premier effet, ce qui contribue à la distorsion sur la répartition de surplus: les entreprises ont tendance à payer les travailleurs trop peu et de saisir plus de surplus (ou profit). Et cette distorsion sur le surplus pourrait être confirmée en décentralisant le problème du planificateur social. Notre premier résultat montre alors tout simplement que les entreprises gagnent trop de profits et les travailleurs reçoivent trop peu de surplus espéré 10 Un marché fini fait référence à un marché où le nombre des travailleurs et le nombre des entreprises ne sont pas infinis. Nous suggérons les lecteurs à GKV (2011) sur une discussion sur l'importance de l'examen d'un tel contexte. 0.3 Le pouvoir de marché des entreprises dans le marché du travail xxxi et salaire réel par rapport au cas d'absence de pouvoir de marché des entreprises. Comme nous allons le soutenir, confondant les deux effets n'invalide pas leur analyse sur la perte d'efficacité, mais suscite plus de préoccupations pour le décideur. GKV (2011) montrent en outre que l'introduction d'une allocation de chômage pourrait restaurer l'efficacité; mais en introduisant un salaire minimum exacerbe la mauvaise répartition d'emploi (liée à l'asymétrie de pouvoir de marché), conduisant à la perte d'efficacité. Je viens avec plusieurs suggestions pour compléter leurs résultats. Tout d'abord, je montre que même avec l'introduction de l'allocation de chômage au niveau qui permet l'efficacité d'être restaurée, le surplus espéré de travailleurs est toujours inférieur au niveau socialement optimal. Deuxièmement, bien que le salaire minimum ait une conséquence négative sur bien-être global en intensifiant la mauvaise répartition d'emploi, il existe une valeur réalisable de ce qui pourrait corriger complètement la mauvaise répartition de surplus. Dans ce sens, l'allocation de chômage n'est pas nécessairement un choix dominant sur le salaire minimum. Troisièmement, un bon niveau de combinaison des deux politiques à la GKV (2011) peut corriger ces deux mauvaises répartitions. En outre je soutiens que la comparaison directe des deux politiques à la GKV (2011) ne convient pas, car entre eux réside une autre différence nette -la source de financement. Notons nous que l'allocation de chômage dans GKV (2011) est introduite d'une manière d'aubaine. Je suggère qu'il est plus approprié d'envisager une situation où cette allocation de chômage est financée d'une manière redistributive. Je considère deux situations: soit l'allocation de chômage est recueillie auprès des entreprises par l'impôt de chômage ou des travailleurs de l'impôt sur le salaire. Nous montrons alors que sous l'ancien système de fiscalité, l'efficacité dans le sens de GKV (2011) ne peut pas être atteinte, mais sous ce dernier l'efficacité peut être obtenue.

Comme un résumé rapide, nous revisitons GKV (2011) à partir d'un point de vue de l'organisation industrielle traditionnelle. D'une part, en tenant à la fois une mauvaise répartition d'emploi et de surplus en compte nous nécessite de repenser à l'efficacité des politiques concernées; d'autre part, il nous permet d'avoir une impression sur les phénomènes possibles qui peuvent apparaître après la politique est mise en oeuvre; par exemple, si nous croyons que les entreprises possédons un pouvoir de marché et alors nous introduisons l'allocation de chômage dans une manière aubaine, alors nous nous attendons à observer une augmentation du taux de chômage et d'écart salarial, mais nous savons que cela est à l'avantage du bien-être global. La prise en compte d'un tel marché fini du travail où les xxxii entreprises ont un pouvoir de marché a d'une importance réaliste. Par exemple, Shimer (2007) mentionne que si nous divisons le marché du travail aux différents segments par les caractéristiques 'profession, zone géographique', alors un petit nombre de postes vacants peuvent faire potentiellement face à juste un peu plus de 10 demandeurs d'emploi par segment du marché.

Mécanisme

Cet article revisite le fondement de la théorie du jeu des modèles de recherche dirigée, et étudie une inefficacité qui se pose en raison du pouvoir de marché des entreprises dans une économie de petite échelle, soit avec nombre fini d'entreprises et nombre fini des travailleurs. Dans une telle petite économie, la stratégie de chaque entreprise a une influence non négligeable sur la variable globale -l'utilité du marché espérée des travailleurs, qui est supposée être invariante à la stratégie d'entreprise individuelle lorsque l'économie est d'une plus grande échelle. [START_REF] Burdett | Pricing and matching with frictions[END_REF] suggèrent verbalement que nous considérons comme l'intuition de la conclusion ci-dessus de la façon suivante: dans une grande économie, chaque entreprise est en concurrence avec le marché, tandis que dans une petite économie, chaque entreprise est en concurrence avec les autres entreprises. La différence repose en fait sur de savoir si une entreprise individuelle a suffisamment d'impact stratégique vers les autres entreprises. Cette interprétation peut encore être développée à partir du point de vue de la théorie de l'organisation industrielle. L'interprétation de GKV (2011) est une première étape dans cette direction. Dans une telle économie, la seule variable globale est l'utilité du marché espérée de la recherche d'emploi de travailleurs. Les travailleurs postulent uniquement à un salaire (ou à une entreprise) lorsque ce salaire leur donne une utilité espérée de la recherche d'emploi équivalente à l'utilité du marché espérée. Cette relation d'équivalence définit une courbe d'offre de travail des travailleurs. Puis, quand la stratégie de l'entreprise individuelle peut modifier la valeur de cette variable globale, il est comme si dans la littérature sur l'organisation industrielle que le comportement de fixation des prix de l'entreprise monopolistique a une influence sur la courbe de la demande des consommateurs: en raison de cette influence, il existera une distorsion lorsque l'entreprise monopolistique essaie de maximiser le profit, et que cette distorsion contribue à un bénéfice marginal supérieur, ce qui conduit les entreprises à déterminer un niveau de prix supérieur au niveau concurrentiel et gagner des profits plus 0.3 Le pouvoir de marché des entreprises dans le marché du travail xxxiii élevés; la quantité produite est alors plus faible, et il y a un poids mort. Le mécanisme est assez similaire ici, lorsque les entreprises tiennent compte de leur influence sur cette variable globale (ils ont de pouvoir de marché), leur coût marginal de l'augmentation salariale est plus élevée, ce qui les conduit à fixer le salaire à un niveau inférieur.

Parce que dans notre contexte nous avons en outre interaction stratégique entre les entreprises, je fournis quelques autres interprétations comme suit pour aider à comprendre pourquoi toutes les entreprises ont l'intention d'annoncer un niveau de salaire inférieur au niveau concurrentiel. Le concept de solution de modèles de recherche dirigée est équilibre de Nash parfait par sous-jeux. Chaque firme maximise son profit par le choix de sa meilleure réponse, et elle considère comme données les stratégies des autres entreprises et travailleurs, et à l'équilibre, toutes les entreprises anticipent correctement la meilleure réponse des autres agents. Ainsi, lorsque la firme 2, par exemple, choisit son niveau optimal de salaire (la meilleure réponse), il prend, en particulier, le salaire de la firme 1 comme donné. Supposons maintenant la firme 2 abaisse un peu son niveau optimal de salaire (meilleure réponse), si l'entreprise 1 n'aurait pas changé son salaire, alors le bénéfice de la firme 2 n'a pas de gain de premier ordre (parce que la firme 2 maximise le profit en prenant la stratégie de la firme 1 comme donnée). Cependant, la firme 1 a en effet l'intention de changer son salaire. Pour voir comment, notons que, d'une part, un niveau inférieur du salaire de l'entreprise 2 rend les travailleurs appliquent à la firme 1 plus souvent, ce qui fait baisser l'utilité du marché espérée des travailleurs en fonction de la courbe de l'offre de travail, ce qui réduit le coût marginal pour la firme 1 dans sa fixation des salaires; d'autre part, cette réduction de salaire de la firme 2 augmente effectivement la dérivée de l'utilité du marché espérée par rapport au salaire annoncé par la firme 1; il se trouve que ce dernier effet domine, de sorte qu'il y a une augmentation de coût marginal total dans le problème de la détermination de salaire pour l'entreprise 1, ainsi l'entreprise 1 veut aussi réduire son salaire. Notons que cet argument est indépendant de la différence de productivité.

Une des initiatives de cet article est de faire valoir que la justification de GKV (2011) est imprécise en ce qu'il y a un argument contradictoire dans leur interprétation de pouvoir de marché, et cette erreur pourrait être remédiée en distinguant l'existence qualitative du pouvoir de marché des entreprises et l'impact quantitativement asymétrique de leur pouvoir de marché qui provient de la différence de productivité. Maintenant, nous examinons comment la différence de productivité fait la différence. xxxiv Lorsque les entreprises sont identiques dans la productivité, il n'y a aucune perte d'efficacité de la stratégie d'application des travailleurs donc pas de mauvaise répartition d'emploi, cependant, nous constatons qu'il y a une mauvaise répartition de surplus: les entreprises gagnent trop de profit et les travailleurs souffrent de trop peu de l'utilité espérée de leur recherche d'emploi; et le fait particulier qu'il n'y a aucune perte d'efficacité associée à cette mauvaise répartition de surplus, mais au même temps le niveau socialement optimal de la répartition d'emploi obtient est simplement en raison de la neutralité de risque d'entreprises et des travailleurs. Si les entreprises diffèrent de la productivité, GKV (2011) montrent que à l'équilibre les travailleurs postulent à la firme à faible productivité trop souvent, et les travailleurs ne prennent pas en compte le fait que leur application fréquente à la firme de faible productivité a un impact du premier ordre sur le profit des entreprises -en d'autres termes, la différence de productivité des entreprises conduit à un pouvoir de marché quantitativement asymétrique qui biaise la stratégie d'application des travailleurs, et cela prend une forme d'une externalité de la stratégie d'application des travailleurs biaisée à une augmentation des bénéfices des entreprises. En utilisant le même argument, nous pouvons établir également que la mauvaise répartition de surplus est présente. Ce résultat est montré dans la Proposition 1.

En dehors de la réinterprétation des résultats de GKV (2011), la partie principale de cette étude est d'examiner lorsque la mauvaise répartition d'emploi et la mauvaise répartition de surplus sont tous deux pris en compte, quelle politique est plus efficace. GKV (2011) considèrent deux politiques: l'allocation de chômage dans la manière d'aubaine, et le salaire minimum. Ils montrent que l'allocation de chômage peut corriger l'inefficacité de la mauvaise répartition d'emploi, alors que la politique du salaire minimum aggrave encore la mauvaise répartition d'emploi. Ceci est parce que l'allocation de chômage encourage les travailleurs à demander des salaires plus élevés, et les travailleurs veulent bien prendre plus de risques et de postuler à l'entreprise de haute productivité. Nous montrons d'abord que, au niveau de l'allocation de chômage où la mauvaise répartition d'emploi est guérie, la mauvaise répartition de surplus est toujours présente. Et pour guérir la mauvaise répartition de surplus, le niveau nécessaire de l'allocation de chômage devrait dépasser la valeur de l'allocation de chômage à laquelle la mauvaise répartition d'emploi est corrigée. Toutefois, cela implique une perte d'efficacité. Ceci est illustré dans la proposition 2 et la Proposition 3. Concernant la politique du salaire minimum, même si elle ne parvient pas à guérir la mauvaise répartition 0.3 Le pouvoir de marché des entreprises dans le marché du travail xxxv d'emploi, mais un bon niveau de salaire minimum peut guérir la mauvaise répartition de surplus. Et un avantage supplémentaire d'une telle politique de salaire minimum est qu'elle ne coûte rien au planificateur de budget supplémentaire contrairement à l'allocation de chômage qui est introduite d'une manière d'aubaine. Une combinaison des deux politiques peut naturellement remédier à la fois les deux mauvaise répartitions.

Nous avons ensuite mis notre accent sur le caractère fortuit de l'allocation de chômage, et nous demandons si cette allocation de chômage est financée d'une manière redistributive, si les résultats de GKV (2011) sont toujours vrais. Nous constatons que cela dépend de la source de financement de cette allocation de chômage. Si ce sont les entreprises qui doivent payer pour les travailleurs qui leur ont postulés mais n'ont pas obtenu le job, alors la mauvaise répartition d'emploi ne peut jamais être guérie. Il en est ainsi parce qu'une telle politique de redistribution des allocations de chômage conduit les entreprises de la productivité différente de modifier les salaires vers des directions différentes. Néanmoins, si ce sont les travailleurs qui doivent payer un impôt sur les salaires pour financer leurs allocations de chômage, nous constatons que la mauvaise répartition d'emploi peut être guérie, et il peut laisser un budget supplémentaire au planificateur. C'est tout simplement parce qu'une telle taxe a un impact similaire à l'allocation de chômage introduite dans la manière d'aubaine: tous les deux entreprises sont obligées d'augmenter leurs salaires. Ce résultat est montré dans la Proposition 5. Since [START_REF] Phelps | Microeconomic foundations of employment and inflation theory[END_REF], the search and matching frictions are presented as typical departures from the Walrasian theory of the labor market, allowing to account for the trading externalities. But the competitive search equilibrium leads to reducing the distance between the matching model and the Walrasian paradigm: a decentralized market can internalize the search externality, leading to an efficient equilibrium [START_REF] Moen | Competitive search equilibrium[END_REF]). 1 As in Guerreri, Shimer and Wright (2010), (GSW), this paper re-introduces informational incompleteness in a competitive search environment to account for the inefficiency of the labor market allocation. The 'good' workers generate higher surplus, however, for employers who target such workers, they expect to wait longer to get matched with them, which implies higher virtual cost. Given their commitment on hiring strategy, these employers want to prevent undesirable ('bad') workers from applying, and it is achieved by sacrificing part of surplus with these 'good' workers. Then even if the discrimination process2 is directed 'against' the bad, its induced cost (information rent) is 'paid' by the good -those who have incentive to work longer in our context.

The aim of this paper is to extend the GSW's results to a dynamic context. The intertemporal choices allow us to account for (i) the large turnover risks that are faced by the firms, and (ii) the risk aversion that characterizes the worker utility function leading them to ask for a smoothing of the wage profile. Thus, in our benchmark, the unobservable characteristic is workers' quitting probability, whereas in the static context of GSW, this is the labor productivity. Moreover, we analyze two types of asymmetrical information: (i) a classical ex ante heterogeneity where the employers' problem is to screen the undesirable types and to induce self-selection among the pool of ex-ante informed workers (adverse selection), (ii) an ex post heterogeneity where the worker observes a private information only after the employment relationship has been established, leading employer to propose contracts allowing her both to sort and retain workers (a commitment problem). We also extend the results from Guerreri (2008) by taking into account of risk aversion.

From a methodological point of view, we describe our main results in a two-period stylized model of the labor market and also extend in the last section our benchmark to three periods to study wage growth. This extension allows us to account for the transitory choice of worker mobilities: after a separation, they can re-enter into the labor market. Fundamentally, there are two types of workers in the labor market: the ones that have a better outside option after a tenure of one 'period', and the others having this option only after a tenure of two 'periods'. 3 Given this heterogeneity, the search frictions can lead the employers to sort workers, since the ex-post returns for the firms are heterogeneous, even if the costs of posting a vacancy are homogenous. In the context of the ex ante heterogeneity, we show that GSW's results can be extended to this dynamic context. More precisely, the search and matching frictions ensure that the separating equilibrium can always be achieved. Indeed, with respect to a competitive environment à la Rothschild and Stiglitz (1976), (RS), the competitive search equilibrium introduces a new restriction: the matching is bilateral -each principal can serve at most one agent ex post, whereas in RS, each principal can serve the total population. 4When the numbers of principals and agents are sufficiently large, any pooling deviation is proved to be unprofitable. Thus, the meeting probabilities adjust endogenously to clear the market. Hence GSW's study provides theoretical benchmark for our problem, and there are mainly two aspects along which our paper is different from theirs.

1. Firstly, our paper captures wage dynamics in a tractable way. In our model, asymmetric information not only affects the trade-off between ex post surplus and the trading probability, it also leads to distortion on the intertemporal wage dynamics originated from workers' risk aversion. As is well known in terms of contract theory, we show that workers are required to concede certain amounts of wages in the firm as guarantee at the beginning of the employment relationship, and in case they indeed stay with the Dynamic Contracts in Search Equilibrium under Asymmetric Information firm in the following period, the amount can be recouped along with the interest rate (tenure-increasing wage profile): workers should be responsible for the risk caused by themselves. The crucial question is then whether the firms are over-or undercompensating the workers under distortion caused by workers' private information.

We prove that it is the former situation: under competitive search, risk neutral firms cut 1st-period wage to such an extent that bad types are disincentivized to apply. However, in order not to lose the applications from the good types, the 2nd-period wage has to increase to such an extent that the total lifetime wages given to good type workers manage to surpass the full-information level, i.e., firms over-compensate in terms of total wage transfer. Compared to the full-information case, firms have lower ex post surplus, but in exchange, they are to receive more often applications from workers due to the excessive wage amounts posted. Thus, our paper gives equilibrium foundations to the old result of [START_REF] Salop | Self-selection and turnover in the labor market[END_REF], where an optimal compensation policy is such that employees are asked to make an up-front payment at the beginning of the employment relationship, which will be refunded gradually in the subsequent periods, conditional on their stay with the firm. Workers with a higher quit probability choose not to apply to firms with this contract offer, since they expect that they will have a low probability of receiving the repayments in the future. A self-selection mechanism is thus induced. It is also important to mention that the results from Salop and Salop are not robust enough: if workers are risk-averse, and if firms are risk-neutral on a competitive market with a free-entry condition, the Salop and Salop model immediately collapses to share the same problem as RS model: there may exist no equilibrium in such a competitive market, when the fraction of bad workers is sufficiently low in the economy. Within a competitive search equilibrium in the manner of GSW, this problem is naturally solved.

2. Secondly, our immediate extension features variations of the extensive margin. This is absent in GSW and most of the standard adverse selection literature. Risk averse workers differ in their outside option value, and choose whether to enter into a longterm or short-term employment relationship before search. Workers with lower outside option value wish to avoid non-employment risk, and in response, the market offers a high employment rate. However, this high job finding rate raises firms' vacancy risks.

We then show that, under asymmetric information, workers choose to enter into shortterm relationship more often because the introduce of incentive constraint discretely lowers workers' expected utility from entering into a long-term relationship. Also, the 'good' workers suffer from inferior employment rate compared to the case of full information, which implies a higher average non-employment rate in the decentralized economy.

If we depart from the informational structure a la GSW, our stylized model of the labor market also extends the results of [START_REF] Guerrieri | Inefficient unemployment dynamics under asymmetric information[END_REF] where workers only know their types after the acceptance of the contract. In this case, the contract should ensure that ex post the workers do not break the match unilaterally. Specifically, we are in a situation where firms have full commitment, whereas workers have limited commitment. Compared to [START_REF] Guerrieri | Inefficient unemployment dynamics under asymmetric information[END_REF], our second extension features risk aversion and we focus on workers' outside option (denoted by h), which depends on permanent opportunities outside the firm, instead of matching specific disutility, conditional on a transitory specific match. We find that there is a markup on the term related to information rent, i.e. we have

G(h) g(h) u ′ (h) instead of G(h) g(h)
. 5 Standard literature assumes that G(h) g(h) is increasing, while G(h) g(h) u ′ (h) clearly may not.

Under risk aversion (u ′′ (h) < 0), the slope of the information rent is less steep. It suggests that risk averse workers are more conservative about the attractiveness of the outside option captured by G(h) g(h) ; in other words, the distortion of quitting threshold is less responsive to the degree of severity of the information problem (measured by the Lagrangian multiplier of the information constraint). However, it is clear that compared to the full-information economy, the quit rate is larger and the employment rate is lower.

The paper is organized as follows. In the first part of the paper (section 2), we present the benchmark where workers' quitting probability is known ex ante, exogenous, and not observable by the firms. There are two types of workers: those who quit sooner and the rest who quit later. As in GSW, we show that there always exists a separating contract, which is characterized by a distortion of the wage profile afforded by the good (those who quit later): in the segment of these workers, the posted wage profile is age-increasing as a direct consequence of the incentive compatibility constraint, whereas, In the segment of the bad, there is no distortion (flat wage rate). This suggests that the lack of information concerning the workers' horizon leads to sub-optimal welfare of the workers accepting a priori to work longer. The second part of the paper (section 3) shows how the dynamic wage contract induces additional distortion on the extensive margin of the labor market. Indeed, the decision on working horizon depends crucially on the outside option of the workers. Workers can be aware of this heterogeneity before (ex ante heterogeneity) or after (ex post heterogeneity) the matching process. We analyze these two types of heterogeneity. First, we show that the optimal contracts lead to introducing wage distortions (characterized by an age-increasing wage profile) on the labor market for the good workers, for both types of heterogeneity, as Dynamic Contracts in Search Equilibrium under Asymmetric Information in the benchmark. In the case of ex ante heterogeneity (section 3.1), the new result is that the equilibrium reservation threshold is lower than in the full-information economy: the less transparent is the information on the outside options, the greater the number of workers that choose short-term employment relationship. With ex post heterogeneity (section 3.2), we also show that not only do more workers choose to quit the labor market early, but the employment rate of the workers who want to work for two 'periods' is lower than in the full information case. In the section 4, we discuss the robustness of our result in a multi-period extension of the benchmark. The section 5 concludes.

Competitive search with exogenous separations

Consider a 2-period economy with search friction. There is a fixed quantity of workers, as well as a pool of firms, the amount of which is to be determined in the equilibrium. Workers start unemployed, and can get hired by a firm through a job-search process. We assume that an employed may leave the firm before the termination of the employment relationship with certain probability, which is interpreted as probability of quitting 6 . There are two possible types of workers7 : a fraction α remain in the second period with probability p H , called type "H"; while the rest, with fraction of (1α), are type "L" workers, who remain in the second period with probability p L . We assume p H > p L .

All firms are ex ante identical. To start production, each has to create a vacancy with a sunk cost C, and then announce wages in hopes of getting matched with a worker. 8 When an employer hires a worker, the match produces y per period. We assume that firms and workers share the same subjective discount rate β .

There are matching frictions. We define q to be the tightness of the labor market, i.e. the workers/firms ratio. 9 The hiring probability for the firms is H (q) , while F (q) denotes the workers' job finding rate. As is common in the matching models, we assume • the constant return to scale relationship H (q) = qF (q);

• F (q) the workers' job finding rate is decreasing and concave in q, the expected number of workers per firm, i.e. F ′ (q) < 0 and F ′′ (q) < 0;

• H (q) the firms' hiring probability is increasing and concave in q, i.e. H ′ (q) > 0 and H ′′ (q) < 0;

• The elasticity of firms' hiring probability is a decreasing function in q and between (0, 1), i.e. ε ′ (q) = H ′ (q) H(q)/q ′ < 0 and ε (q) ∈ (0, 1).

For each period, the wage posting game has three stages: (i) wage posting stage, where firms announce wages; (ii) job search stage, in which workers observe the posted wages, and choose where to apply; (iii) production stage, where the workers who get matched with firms produce, and payoffs are realized.10 

The competitive search equilibrium under full information

In this section, we will describe the benchmark model, and show that with full information, workers who can build a long-term employment relationship (have higher probability of remaining in the firm) expect higher expected utility from search.

Workers. With full information, two types of workers search respectively in different submarkets opened to them. These two submarkets are indexed according to their types, i.e., H or L. At the beginning of the first period, each worker enters her submarket to search for a job. When a worker finds a job today, a type H (L) will remain at the second period with a probability of p H (p L ); when she fails to find a job in the first period, she enjoys unemployment benefit z today, and could search again at the beginning of the second period.

Since the second period is the end of the economy, any worker who searches for a job at second period works only for one period if a job is found, and otherwise she enjoys the unemployment benefit. Notice that if the worker leaves the market in the second period (with probability (1p)), they receive utility from some outside option z 2 . Since under such a formulation the value of z 2 does not alter our result, we normalize it to zero. 11 The worker's expected utility could be written in the following way where t ∈ {L, H}, p ∈ {p L , p H }, and Dynamic Contracts in Search Equilibrium under Asymmetric Information 1p stands for one-period:

U t (p) = F (q t ) [u (w t,1 ) + β (pu (w t,2 ) + (1 -p) u (z 2 ))] + (1 -F (q t )) u (z) + β pU 1p + (1 -p) u (z 2 )
where

U 1p = F q 1p u (w) + 1 -F q 1p u (z)
Firms. Ex ante identical firms choose which submarket to enter, and the corresponding wages. This implies that each firm can only attract one type of worker at most. 12 We assume that once the worker leaves the firm prematurely with probability 1p, the job is destroyed, the firm in question exits the market and is replaced immediately by another. The profit of firms is written as follows, where the first line is the profit for a firm contracting with a two-period worker, and the second line is the profit for a firm contracting with a one-period worker:

π t (p) = H (q t ) [(y -w t,1 ) + β p (y -w t,2 )] -C π 1p = H(q 1p )(y -w 1p ) -C Definition 1. A competitive search equilibrium is a set of wage profiles w * (p) = {w * t,1 (p); w * t,2 (p) 
}, together with a function q * (p) = q (w * (p)) and utility levels U * t (p) for p ∈ {0, p L , p H } that satisfy the following conditions:

(1) employers' profit maximization and free entry,

H (q * t (p)) y -w * t,1 (p) + β p y -w * t,2 (p) -C ≤ 0
(2) workers' optimal job application,

U * t (p) ≥ F (q * t (p)) u w * t,1 (p) + β pu w * t,2 (p) + (1 -p) u (z 2 ) + (1 -F (q * t (p))) u (z) + β pU 1p + (1 -p) u (z 2 )
where U * t (p) is given by

U * t (p) = max w(p) F (q * t (w (p))) [u (w t,1 (p)) + β (pu (w t,2 (p)) + (1 -p) u (z 2 ))] + (1 -F (q * t (w (p)))) u (z) + β pU 1p + (1 -p) u (z 2 )
The solution is characterized by the following equations: for p ∈ {0, p L , p H }, we have

w * t,1 (p) = w * t,2 (p) = w * t (p) H (q * t (p)) (1 + β p) (y -w * t (p)) = C 1 -ε (q * t (p)) ε (q * t (p)) = y -w * t (p) 1 u ′ (w * t (p)) u (w * t (p)) -1 1+β p u (z) + β pU * 1p (p)
where ε (q) denotes the elasticity of the firms' hiring probability with respect to the queue length. Leaving aside the conditions of free entry, the last equality (from the first order condition on q) could be interpreted in the following manner: the LHS gives the relative contribution of firms and workers to the total number of matches created, as the ratio between the firms' search effort to the workers' search effort, whereas the RHS gives the surplus ratios between firms and workers, in units of goods (the surplus of the workers is thus corrected by the marginal utility). By the comparison of allocations for the type-H and type-L workers, we have the following proposition, where we may use the superscript ' * ' and 'FI' interchangeably to stipulate that the allocation is achieved under full information (FI):

Proposition 1. The competitive search equilibrium is characterized by:

• The optimal level of per period wage is such that w

* H > w * L • The optimal level of expected queue length is such that q * L > q * H • The value from search is such that U * H > U * L .
• The wage increases less faster than the increment of productivity with respect to p:

(1 + β p H ) w * H -(1 + β p L ) w * L < (1 + β p H ) y -(1 + β p L ) y.
Proof. See Appendix 1.6.1.

This proposition states that not only do the type H workers earn higher per-period wages, but they also get matched more often compared to the type L workers whose expected employment horizon is of shorter term (p L < p H ).

Dynamic Contracts in Search Equilibrium under Asymmetric Information

There is one further observation. Consider a particular pair of parameter values by setting p H = 1 and p L = 0, 13 so that in the second period workers either remain in the firm for sure or leave for sure. Now suppose that a worker can choose to be involved in a long term or repeated short term relationship, then workers are better off involved in a long-term relationship. This result is formalized in the following proposition: Proposition 2. Take p H = 1 and p L = 0. Suppose that a worker can choose to be involved in a long-term (2 periods) or repeated short-term (1-period) relationship, then workers are better off involved in a long-term relationship in terms of value from search, i.e. U *

H > (1 + β )U * L .
Proof. See Appendix 1.6.2.

It is important to remark that although firms pay the same entry cost C on each sub-market, the effective cost, defined as C H(q) , is larger than the unit cost C, because it is obtained by multiplying the average duration of the search. The inequality q * L > q * H coincides with our intuition that in order to earn higher ex post surplus, the firms which post type H contracts anticipate that they have to wait longer till such a worker appears.

With perfect information, we have established that the workers who expect longer employment relationship (measured by p) receive higher expected utility from search. Although all different types offer the same quality of labor, type-L workers receive lower wages and suffer from a lower expected utility. It is this situation which generates incentives for the type-L workers to visit the submarket for the type-H workers, if information is not perfectly shared. Thus firms which post long-term employment contracts and are uninformed about the workers' types may suffer loss if they hire a type-L worker, despite the fact that they have incentives to hire a type-H worker. We are thus led to consider the possibility for the firms to manipulate wage profiles to induce self-selection among the workers, such that no workers will misrepresent their types.

The allocation under asymmetric information

In the previous subsection, we have shown that type-L workers have incentive to misrepresent their type, because they find that higher expected utility could be obtained if they send applications to a market where firms want to hire type-H workers. In order to discourage type-L workers from joining the submarket for type-H workers, an alternative wage profile should be posted to induce self-selection. A standard way is to introduce an incentive compatibility constraint, such that type-L workers find it unattractive to pretend to be a type 13 In this case, the type L is equivalent to type 1p 1.2 Competitive search with exogenous separations 13 H. The optimization program is now written as follows where the index AI denotes the equilibrium allocation under asymmetric information:

U AI H = max {q,wH,1,wH,2} F (q H ) [u (w H,1 ) + β p H u (w H,2 )] + (1 -F (q H )) u (z) + β p H U 1p s.to H (q) [y -w H,1 + β p H (y -w H,2 )] = C I.C. (q H ) [u (w H,1 ) + β p L u (w H,2 )] + (1 -F (q H )) u (z) + β p L U 1p ≤ U AI L
where

U AI L = max {q,wL,1,wL,2} F (q L ) [u (w L,1 ) + β p L u (w L,2 )] + (1 -F (q L )) u (z) + β p L U 1p s.to H (q) [y -w L,1 + β p L (y -w L,2 )] = C
and

U 1p = max {q,w} {F (q) u (w) + (1 -F (q)) u (z)} s.to H (q) [y -w] = C
We remark that the incentive constraint which prevents type H workers from misrepresenting their type as L is not binding hence not included, because we could verify that type H workers are worse off choosing the allocation of type L instead of sticking to their own. 14This economy is an extension to the theoretical context proposed by Guerrieri, Shimer and Wright (2010). And the following result could be achieved: Proposition 3. In our economy, the separating equilibrium exists and is unique. Proof. To show the uniqueness and existence, it suffices to check that 3 mild assumptions proposed in Guerrieri, Shimer and Wright (2010), which are common in contract literature, are satisfied. In Appendix 1.6.3, the verification of these assumptions in our context is provided.

Hence, we extend GSW's proof of the existence of a separating equilibrium to a twoperiod model. The interest is then to discuss the properties of this dynamic equilibrium with respect to observed features of the labor market where short and long term contracts coexist. We remark that the separating equilibrium always exists. The separating equilibrium here is immune to the Rothschild and Stigliz (1976) non-existence of equilibrium problem, because Dynamic Contracts in Search Equilibrium under Asymmetric Information with endogenous matching any pooling deviation could be proved to yield negative profit when the number of agents in the economy becomes large. We now turn to the properties of this equilibrium.

Proposition 4. Under asymmetric information, the equilibrium allocation is such that:

• for type p L , we have q AI L = q * L , and w AI L,1 = w AI L,2 = w * L ;

• for type p H , we have w AI H,1 < w * L < w * H < w AI H,2 ;

• the type p H workers are worse off in terms of expected utility, compared to the fullinformation case (U AI H < U * H );

• the type p L worker receives the same expected utility (U AI L = U * L < U AI H );

• we have q * H < q AI H < q * L . Firms over-compensate workers in terms of total wage transfer compared to the full information case:

w * H -w AI H,1 < β p H w AI H,2 -w * H .
Proof. See Appendix 1.6.4.

In the presence of asymmetric information, separating equilibrium is achieved by increasing the wage of the type-H worker with his tenure in the firm. This wage profile discourages type-L workers from applying. Since type-L workers have a lower probability of staying, choosing this non-smoothed wage profile makes them receive a lower expected utility compared to the smoothed wage payment. In contrast, type-H workers have a higher probability of remaining at work tomorrow. Thus they are willing to sacrifice some wages today in exchange for higher earnings tomorrow. [START_REF] Salop | Self-selection and turnover in the labor market[END_REF] describe the same mechanism to induce self-selection. They consider a so-called Two-Part Wage (TPW) requiring that a new employee at the matching stage pays the firm an entrance fee of D 1 , in return for which she will receive w + D 2 in the subsequent periods. In the equilibrium, the worker should pay her own turnover costs. This is equivalent to say that this worker guarantees that she will pay for the consequences of her potential premature quit. Our wage profile (Proposition 4) could also be interpreted in a fashion similar to [START_REF] Salop | Self-selection and turnover in the labor market[END_REF]. Recall that the free-entry condition in the presence of asymmetric information specifies

C H(q AI H ) = y -w AI H,1 + β p H y -w AI H,2 ,

and in the absence of asymmetric information

C H(q * H ) = y -w * H + β p H (y -w * H ).
We could thus define the following difference:

D 1 = w * H -w AI H,1 > 0 and D 2 = w AI H,2 -w * H > 0.
Salop and Salop (1976) obtain the equality D 1 D 2 = β p H (the self-selection ratio) at the equilibrium, due to worker's risk-neutrality. In our context, under risk-aversion, the result becomes

D 1 D 2 < β p H which is equivalent to w * H + β p H w * H < w AI H,1 + β p H w AI H,2
. Hence, firms have to over compensate workers in terms of wage transfer. On one hand, the 1st-period wage has to be reduced to a sufficiently low level to prevent undesirable types from applying. This reduction of 1st-period wage at the same time harms the good type's incentive from applying.

On the other hand, the 2nd-period wage has to be set to a sufficiently high level to rescue the reduced incentives due to the decrease of 1st-period wage. Under risk aversion, the marginal gain from changing the 2nd-period wage is larger compared to changing the 1st-period wage, so that in order to attract workers through increasing 2nd-period wage, more than proportional amount of wage transfer should be foreseen.

To look into more details, let us turn to the first order conditions with respect to the wages. Notice that in case of asymmetric information, the first order conditions with respect to w 1 and w 2 are respectively

u ′ w AI H,1 = λ q AI H 1 -δ u ′ w AI H,2 = λ q AI H 1 -δ p L p H
where λ is the Lagrangian multiplier for firms' breakeven constraint, and δ is the lagrangian multiplier associated with the incentive compatibility constraint. Dividing these two equations and rearranging, we are able to obtain

u ′ w AI H,1 u ′ w AI H,2 = 1 + δ 1 -δ p H -p L p H
The expression δ 1-δ p H -p L p H could be regarded as a measure of the extent of agency cost in the economy. This index δ

1-δ p H -p L p H
is a product of δ , which measures the tightness of the IC constraint, and the likelihood ratio p H -p L p H , which measures the degree to which the agents' misbehavior (shirking) related to their realized type distorts the full information allocation. From the intuitive perspective, when p L = 0, the information problem is the most serious in the economy, because the bad types will leave for sure in the subsequent period. This annihilates the firm's production. Thus, in this case, the incentive constraint should be "very" tight, with a "high" shadow price (cost). Hence, there should be a very large gap between w 1 and w 2 to induce some incentives. When p L → p H , the IC problems becomes gradually less important (more relaxed), because the bad types behave almost as good as the good types. In this case, the IC constraint should be slack, with a low shadow price (cost). Hence, there should be gradually smaller gap between w 1 and w 2 to induce some incentives.

Dynamic Contracts in Search Equilibrium under Asymmetric Information

From the technical perspective, if p L → 0, then δ

1-δ p H -p L p H
is very large. Indeed, the likelihood ratio p H -p L p H attains its maximal value 1. Moreover, the ratio δ (p L ) 1-δ (p L ) also attains its largest value. Naturally, when the IC constraint is very tight, the shadow price δ (cost) is at its highest value. Hence, we have the largest gap between w 2 and w 1 when

p L = 0. If p L → p H , then δ 1-δ p H -p L p H
will be very small. Firstly because p H -p L p H tends to 0 in this case, and secondly because δ (p L ) 1-δ (p L ) also takes its lowest value, because, in this case the IC constraint tends to be very slack, leading to a low value of the shadow price δ . Hence, when p L → p H , there is no gap between w 1 and w 2 , because there is no more information problem.

As a summary, risk aversion plays an important role in restricting the inter-temporal transfers. The following proposition examines to which extent the separating equilibrium is away from efficiency. Precisely, we compare the separating allocation with the pooling allocation, and we find that when the fraction of bad types is small enough, the separating allocation may be less efficient than the pooling allocation. 15Proposition 5. The separating equilibrium may be Pareto inefficient under certain particular parameter values.

Proof. See Appendix 1.6.5.

If the share of the bad workers is small enough, the pooling allocation dominates the separating equilibrium, even though the pooling equilibrium never exists. Indeed, the optimization program of the pooling allocation approaches the optimization program for the type-H workers in the full information case, implying that w * α → w * H , q * α → q * H and thus the good workers will be better off. Given that the allocation under full information is such that q * H < q * L and w * H > w * L , the type L-workers could be employed more often, receive higher wages with this constructed pooling allocation and thus will also be better off.

Competitive search with endogenous separations

In the previous section, we have considered separation as an event which happens exogenously. In this section, we allow the agents to choose the period at which they quit the labor market. We study how this extensive margin can be manipulated by the optimal contract. The introduction of an outside option in the second part of the life cycle allows us to analyze how an incentive scheme distorts separation choices. 16 For simplicity, we assume that each worker is characterized by a specific realization of this outside option, which leads to a worker-specific tenure on this labor market.

In this context, a simple way to endogenize separation choice is to introduce an outside option which is worker-specific. Intuitively, low value of outside option induces the agent to stay, while high value of outside option induces the agent to leave the contract prematurely. In this sense, we say individuals' decisions about quitting are 'endogenous'.

We will distinguish two timings: in the first, each worker knows her characteristic before she searches for a job, whereas in the second, the information on her characteristic is revealed after the matching. In the first case, the asymmetry in the information is ex ante, whereas in the second, it is ex post.

Ex ante heterogeneity, quitting choice and dynamic contracts

We start with the case where the workers are ex ante different and know their value of second-period home production h before searching for a job. The value of h is assumed to be drawn from a distribution G (h). According to the duration of the employment relationship, the labor market is segmented into two: the two-period, and the one-period submarket. We will abuse the terminology to call the two-period submarket the type-H market, and the one-period submarket the type-L market. Each worker, before searching for a job, has to choose which submarket to enter according to her value of h. There are several situations, and we now describe them heuristically. We start with full information.

Starting from workers with sufficiently small values of h. In case these workers do not find a job today, they will remain in the market and search again tomorrow, because their values of h are low compared to the value from search again. Then their choice is to enter the two-period (type-H) market. Using the same equilibrium definition as the previous section, the problem of such a worker with value h is written as follows 17 :

U * H1 (h, z) = max {q,w H,1 ,w H,2 } F (q H1 ) [u (w H1,1 ) + β u (w H1,2 )] + (1 -F (q H1 )) u (z) + βU 1p (h, z) s.t. H (q H1 ) [y -w H1,1 + β (y -w H1,2 )] = C
is a non-participation value, linked to health, social security wealth or financial assets, firms must extract information by a mechanism design. 17 Notice that we assumed h and z to be additively separable in terms of utility.

where

U 1p (h, z) = max {q,w} {F (q) u (w) + (1 -F (q)) [u (h) + u (z)]} s.t. H (q) [y -w] = C
An important remark is that the posted wage and induced queue length both depend on h, although h does not enter explicitly into firms' profit equation. Indeed, workers of different h will have correspondingly different demands on wages, and there will always be firms which post corresponding wages to cater each workers' wage demand, as in Acemoglu and Shimer (1999): a competitive search context with unemployment insurance as outside option for workers. It could be verified by implicit function theorem that both the equilibrium wage and queue length are increasing in h. Technically, this two-period submarket is composed of a continuum of subsubmarket indexed by h. Now we turn attention to the program U 1p (h, z). We know that workers with high value of h will demand high wages corresponding to their value of h; and as h increases, there is a point of h above which the firm can no longer manage to attract workers. In that situation, those workers may not choose to search again tomorrow in case they do not secure a job today: they may simply leave the market and enjoy the home production u (h

) if u (h) is such that max U 1p (h, z) , u (h) = u (h). The corresponding program then becomes U * H2 (h, z) = max {q,w H,1 ,w H,2 } F (q H2 ) [u (w H2,1 ) + β u (w H2,2 )] + (1 -F (q H2 )) [u (z) + β u (h)] s.t. H (q H2 ) [y -w H2,1 + β (y -w H2,2 )] = C
Now we are able to succinctly represent the above two situations in the following program:

U * H (h H , z) = max {q,w H,1 ,w H,2 } F (q H ) [u (w H,1 ) + β u (w H,2 )] + (1 -F (q H )) u (z) + β max u (h H ) ,U 1p (h H , z) s.t. H (q H ) [y -w H,1 + β (y -w H,2 )] = C
Notice that in the above two situations, workers always have intention to work for two periods as long as they find the job today. The firms can observe workers' value of h. They could choose to either enter into the one-period or the two-period market, and they know that workers in the two-period market will never break the employment relationship unilaterally.

As h further increases, up to a point such that u (h) is weakly greater than u (w H,2 ), the corresponding worker becomes gradually unwilling to accept the job offer because she finds herself better off staying at home instead of working at the second period. To make the workers effectively unwilling to stay in the two-period market, it has to be that u (h)-u (w H,2 ) is positive and sufficiently large, because if they choose the one-period market at the point u (h) = u (w H,2 ), there would be a discrete drop in their expected utility, owing to our finding in the previous section that a two-period worker enjoys higher per period expected utility from search compared to a one-period worker. The firms know that workers with large values of h will prefer to stay at home at the second period (i.e. choose to enter the one-period market), so if they want to attract these workers, they should enter the one-period market. This justifies the existence of the one-period market at first period, because there is demand from workers' side. We write the problem for these potential one-period (type-L) workers' as follows:

U * L (h L , z) = max {q,w L } F (q L ) u (w L ) + (1 -F (q L )) u (z) +β u (h) s.t. H (q L ) [y -w L ] = C
Notice that these one-period workers do not have incentive to search for a job again in the second period. Suppose they have incentive to do so, then we shall substitute u (h) for U 1p (h, z). This implies that there is at some point u (h) may be smaller than U 1p (h, z). However, we have learnt from the above arguments that for the workers who enter into the one-period market, their level of h is such that u (h) > u (w H,2 ) > U 1p (h, z). We thus obtain a contradiction. As a summary, a worker's decision on whether entering into a two-period (type-H) or a one-period (type-L) market is captured by the comparison of the expected utility between U * H (h, z) and U * L (h, z). If the h is such that U * H (h, z) > U * L (h, z), this worker in question will choose to enter the two-period market; If the h is such that U * H (h, z) < U * L (h, z), this worker chooses to enter into the one-period market; And if U * H (h, z) = U * L (h, z) workers are indifferent, we assume that she always chooses to leave the labor market. We denote now ĥFI as the threshold captured by U * H ĥFI , z = U * L ĥFI , z in case of full information, and we regarded it as the separation threshold.

Equilibrium with dynamic contract

Our main focus in this section is to examine how does asymmetric information have impact on this separation threshold. To this end, we should check whether certain type with a given value of h can be better off by choosing the other types' optimal allocations, so that in case of asymmetric information there is potential misrepresentation of type. Since the value of h does not explicitly enter into firms' profit equation, it is straightforward to verify by revealed preference as in [START_REF] Acemoglu | Efficient unemployment insurance[END_REF] that among the pool of workers with h < ĥFI (within the two-period market), no worker will have incentive to choose to apply to wages destined for another worker of different h. As for the workers with h ≥ ĥFI (with in the one-period market), their allocation does not depend on h, so there is no information problem. Our problem is then reduced to whether the workers with h ≥ ĥFI (from two-period market) have incentive to misrepresent their types as certain workers with h < ĥFI (from one-period market), as in the previous section. Recall that we term those workers with h ≥ ĥFI as type-H workers, and those workers with h < ĥFI as type-H workers; We have the following result concerning workers' mimicking behavior. Proposition 6. Type-L workers are always better off by misrepresenting their types as type-H workers.

Proof. See Appendix 1.6.6. This Proposition suggests that workers from one-period market indeed have intention to deviate to apply to wages posted in the two-period market. More precisely, given that the two-period market consists again of a continuum of submarkets indexed by h, workers from the one-period market will have incentive to misrepresent themselves to join all these submarkets. This result is expected. Notice that in the one-period market, the term associated with β becomes absent in the firm's profit equation. Due to this indirect impact from h, information problem arises between these two markets. Again, firms in the two-period market must implement a mechanism to avoid the risk of hiring a worker with a one-period (short) term on the job where the search costs can only be recouped by hiring a worker with a two-period (long) term on the job. Analogous to the previous section, the optimization program for a given h in the two-period market is written as follows:

U AI H (h H , z) = max {q,w H,1 ,w H,2 } F (q H ) [u (w H,1 ) + β u (w H,2 )] + (1 -F (q H )) u (z) + β max u (h H ) ,U 1p (h H , z) s.t. H (q H ) [y -w H,1 + β (y -w H,2 )] = C IC constraint F (q H ) [u (w H,1 )] + (1 -F (q H )) [u (z 1 )] + β u (h L ) ≤ U L
where

U 1p (h, z) = max {q,w} {F (q) u (w) + (1 -F (q)) [u (h) + u (z)]} s.t. H (q) [y -w] = C
The properties of the allocation of asymmetric information are summarized in the following proposition. • for the application strategies (or the queue lengths), q * H < q AI H < q AI L = q * L .

Proof. See Appendix 1.6.7.

The 

( ĥFI ) = U * L ( ĥFI ). Now suppose that ĥAI ≥ ĥFI . This implies that U AI H ( ĥFI ) ≥ U AI L ( ĥFI ), i.e.
, the type ĥFI in the asymmetric information economy will not choose to enter into the one-period submarket. However, this in turn implies that U AI H ( ĥFI

) ≥ U * L ( ĥFI ) = U * H ( ĥFI ), which is impossible, because we know U AI H < U * H for any level of h.
At the equilibrium, the optimal contract reaches a separating equilibrium while retaining fewer worker on long-term contract. This is a direct consequence of the separation decision. As in the previous context, to achieve separating equilibrium, it is necessary to distort the contract of type-H workers. However, here an additional loss is induced: the worker who should have remained active now chooses to enter into the one-period submarket. Indeed the firm must discourage the undesirable workers from applying for the job posted for the workers who want to work for two periods (the ones that prefer "long-term" contracts). However, this is done through firms' ex ante decisions in restricting the set of the workers who apply for long term contracts in order to screen the applicants.

By nature, when the risk from search is endogenously affected by the posted contract, the good workers have to pay for the information rent by receiving distorted allocation, which further decreases their expected utility, and leads them to quit in the second period. Hence, we observe that if the extensive margin (the separation decision) is 'endogenized' in this sense, the distorted wage offer operates through the extensive margin of search to lower the total labor supply when there is asymmetric information.

Importantly, this contrasts with the results of Guerrieri, Shimer and Wright (2010) where the separating contract leads to a rise of the intensive margin in the asymmetric information case. Nevertheless, in our dynamic context, even if the contract proposes an tenure-increasing wage, this cannot lead agents to prefer the long-term relationship because the screening process is done ex ante. This is not the case in Guerrieri, Shimer and Wright (2010) because the intensive margin can react immediately to the wage.

Ex post heterogeneity and credible commitment

In this section, we study the case where the workers learn their outside option value after getting matched with an employer. The difference between this economy and the previous ones is that now the heterogeneity is privately observed by the workers after the employment relationship has been established (ex post). Then the problem is no longer adverse selection, but one related to commitment: the contracts posted ex ante, if accepted by workers, should induce them to make proper ex post quitting decisions which are conformable to what is agreed ex ante. 18 In other words, the contract should ensure that ex post the workers have no incentive breaking it unilaterally. Specifically, we are in a situation where firms have full commitment on wage posting, whereas workers have limited commitment on premature quitting.

Our economy is closely related to [START_REF] Guerrieri | Inefficient unemployment dynamics under asymmetric information[END_REF], who treats a competitive search context where workers hold private information on their idiosyncratic disutility realized immediately after the match is formed. Apart from difference in workers' preference and length of periods, we also differ in the fact that in [START_REF] Guerrieri | Inefficient unemployment dynamics under asymmetric information[END_REF] workers' premature quitting incentive is driven by high disutility at work, while in our context it is driven by higher outside option. 19 How does workers' quitting incentive generate distortion? Whenever workers can quit prematurely (without commitment and without paying any extra cost), firms are not able to assure production and recoup the sunk vacancy cost. Anticipating this, firms want to propose a countermeasure which provides themselves more insurance.

We propose some straightforward modifications of the techniques developed in Guerrieri (2008) to solve our problem, and obtain the following results: (i) the equilibrium wage contract consists of an ascending wage profile where the wage per period is lower than the full information level; (ii) these low wages allow firms to assure higher ex post surplus, but lead workers less willing to stay due to comparatively more attractive outside option, so that a lower participation margin results, i.e. ĥAI < ĥFI (qualitatively, this result is the same as the one obtained in the previous section), (iii) there is inferior job creation compared to the full information economy.

We will put emphasis on the elements different from the previous contexts. Workers and firms are now ex ante identical. Once a match is formed, the worker receives an outside option shock which takes place at the end of the 1st period during this employment relationship. Depending on the realization of the outside option, the worker decides to work for another period or to leave the market early (without paying any compensation to the firm). We assume that the level of the outside option shock h is drawn randomly from a cumulative distribution function G(•), within the interval H ≡ h, h . This realization is a private information of workers. Thus the firm's problem is to propose a wage contract that (i) guarantees participation (Individual rationality), and (ii) makes sure the workers reveal truthfully their home production realization (Incentive compatibility).

We consider direct revelation mechanisms, where a contract is a function which maps each reported h to a retaining probability e (h) ∈ [0, 1], as well as the wages ω (h) = (w 1 (h) , w 2 (h)) ∈ (R + , R + ). We use J h, h to denote the ex post extra value from staying in the time between for the worker who is of type h but reports h, and it is written as:

J h, h = e h u w 2 h -e h u (h)
Then incentive compatibility (IC) implies J (h, h) ≥ J h, h for all h and h belonging to the support of h. Individual rationality (IR) requires J (h, h) ≥ 0 for all h belonging to its support. According to the following lemma, we could reduce the number of the constraints related to IC and IR.

Lemma 1. The IC and IR constraints are equivalent to the following conditions:

(1) e (h) being non-increasing.

(2

) J (h, h) -J h, h = h h e (x) u ′ (x) dx (3) J h, h ≥ 0 Proof. See Appendix 1.6.8.
The competitive search equilibrium is adapted as follows:

Definition 2. A competitive search equilibrium consists of a set of incentive compatible and individual rational mechanisms M = {e (h) , ω (h)} for all h, an induced application strategy from workers Q * (M), as well as a utility function U AI which satisfies:
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(1) Employers' profit maximization and free entry: andIR (2) Workers' optimal application:

H (Q * (M)) × y -w 1 (h) + β h h e (h) (y -w 2 (h)) dG (h) ≤ C subject to IC
U AI ≥ F (Q * (M)) × u (w 1 (h)) + β h h e (h) u (w 2 (h)) + (1 -e (h)) u (h) dG (h) + (1 -F (Q * (M))) × u (z) + β h h max U 1p , u (h) dG (h)
where U AI is given by

U AI = max M ′        F Q * M ′ × u (w 1 (h)) + β h h e (h) u (w 2 (h)) + (1 -e (h)) u (h) dG (h) + 1 -F Q * M ′ × u (z) + β h h max U 1p , u (h) dG (h)       
In equilibrium, the functional relationship between the contract M and the queue length Q is learnt by both the workers and firms. From the firms' perspective, they anticipate how the posted incentive compatible and individually rational contract can induce the workers to choose their application strategy (captured by Q), even for contracts which are not posted in equilibrium. From the workers' perspective, given any wage contract, they optimally choose the contract among them, taking into account the trade-off between the contract and the probability of obtaining it -there is subgame perfection. At last, since the firms can anticipate that non-optimal contracts will not receive application (queue length is zero), they will never post such non-optimal contracts. As in Guerreri (2008), the competitive search equilibrium defined is equivalent to the solution of the following program: 

U AI = max {e(h),w 1 (h),w 2 (h),q}        F (q) × u (w 1 (h)) + β h h e (h) u (w 2 (h)) + (1 -e (h)) u (h) dG (h) + (1 -F (q)) × u (z) + β h h max U 1p , u (h) dG (h)        s.to e (h)
U AI = max {e(h),w 1 (h),w 2 (h),q}        F (q) × u (w 1 (h)) + β h h e (h) u (w 2 (h)) + (1 -e (h)) u (h) dG (h) + (1 -F (q)) × u (z) + β h h max U 1p , u (h) dG (h)        s.to e (h) being non-increasing H (q) × y -w 1 (h) + β h h e (h) (y -w 2 (h)) dG (h) = C h h e (h) u (w 2 (h)) -u (h) - G (h) g (h) u ′ (h) dG (h) ≥ 0
The FOCs with respect to w 1 and w 2 show that wages are type-dependent, and increasing in time:

u ′ w AI 1 = λ q AI u ′ w AI 2 = λ q AI 1 1+δ
The pointwise maximization with respect to e (h) yields

u w AI 2 + u ′ w AI 2 y -w AI 2 = u ĥ + δ 1+δ G( ĥ) g( ĥ)
u ′ ĥ where the existence of ĥ hinges on the term G( ĥ) g( ĥ)

u ′ ĥ . If without risk aversion, the monotone hazard rate property d G(h) g(h) /dh > 0 is sufficient to guarantee a unique value of ĥ. With risk aversion, we notice that the increase is damped by the decrease of the u ′ ĥ . If u ′ ĥ decreases faster than G( ĥ) g( ĥ)

increases, the firm then is not able to induce self-selection with this mechanism, and there may be bunching. We abstract from the complexity through that direction and focus on the case where G( ĥ) g( ĥ)

u ′ ĥ in total is increasing, so that a unique value of ĥ is implied by this equality. In this case, it implies that this pointwise maximization leads to a cutoff value ĥ such that

e (h) =    0 if h ≥ ĥ 1 if h < ĥ
This is conformable to the restriction that e (h) should be weakly decreasing, and we hence verify that the solution of the program is equivalent to the solution of the program where the monotonicity constraint on e (h) is imposed.

The level of shadow value δ reflects to which extent the allocations are affected by asymmetric information. From the binding constraint associated with δ , we know that w AI 2 is increasing with ĥ. Together with the FOC with respect to e (h), it implies that the higher the value of δ , the lower should be the value of threshold ĥ. In other words, when the constraint is tighter (measured by higher value of δ ), in equilibrium less trade takes place (captured by lower value of ĥ).

In particular, when δ = 0, the information constraint is not binding. Then, from the FOCs with respect to wages we deduce ŵFI 1 = ŵFI 2 ; at the same time, it is straightforward to verify from the FOC with respect to e (h) that w FI 2 = y = ĥFI . Putting these two equalities into the zero profit condition of firms, we find that the zero profit condition can only be satisfied when the fixed vacancy cost is nil (C = 0) as in Guerreri (2008). Hence the economy is necessarily distorted away from the first best case as long as fixed vacancy cost is sunk ex ante and positive.

We now summarize in the following proposition the comparison of allocations between the full information and asymmetric information case: Proposition 9. In the asymmetric information case, ie. when δ > 0, we have

• w AI 1 < w AI 2 < y = w FI ,
• ĥAI < ĥFI and • q AI > q FI Since q AI > q FI implies F(q FI ) > F(q AI ), and since G( ĥFI ) > G( ĥAI ), we are able to conclude that F(q FI )G( ĥFI ) > F(q AI )G( ĥAI ), which implies that the job matching is inferior in the asymmetric information case.

Proof. See Appendix 1.6.9

This proposition shows that an increasing wage profile is induced in order to achieve commitment, contrary to the case with full information where the wages are flat. Given that the reservation threshold of the outside option is lower in the economy with asymmetric information, there is less trade in the economy with asymmetric information, in other words, there is under-employment.

Notice that we have established that in both the case of ex ante and the case of ex post heterogeneity, this extensive margin is downwards distorted, however, the driving forces are not the same. With ex ante heterogeneity, firms can post wage profiles to induce self-selection by preventing the undesired workers from applying. With ex post heterogeneity, no one has information priority before search. The problem of the firm is to design a mechanism which consists of the wage profile, together with a rationing rule, such that workers truthfully reveal their type, based on which firms decide whether to retain the worker in question. This costly ex post information rent implies a discrete drop of ex post surplus for the firms, which hence 1.4 Extension: A three-period framework reduces firms' ex ante incentive of vacancy opening -less firms enter and the workers/firms ratio increases: workers become difficult to get matched, and there is less job matching from the workers' perspective.

Extension: A three-period framework

We have studied a two-period model in the benchmark, where workers when facing a shortterm separation shock, no longer remain in the market. Such a separation shock is absorbing, in the sense that whenever workers are "shocked" out of the labor force once, the economy ends. In this section, we propose a straightforward extension of the benchmark which allows us to account for the transitional aspect of the labor market occupations/states. A sufficient way is to extend our two-period model to a three-period economy, where workers face recurrently separation shock, and those who are shocked in the second period have another chance of re-entering into the market. We will solve this straightforward extension, and discuss possible future developments upon it.

With a little abuse of terminology, we will use the subscript l (long-term contract) for the workers who have potentially three periods of working horizon, the subscript m (median-term contract) for those with two periods of horizon, and the subscript s (short-term contract) for those with one period of horizon. The parameter p still represents workers' probability to keep her job. Extending the definition of competitive search equilibrium to three periods, we arrive at the following maximization program with full information:

U l,1 = max {w l,1 ,w l,2 ,w l,3 ,q l,1 }      F q l,1 u w l,1 + β p × u w l,2 + β pu w l,3 + (1 -p) × β pU l,3 + 1 -F q l,1 u (z) + β pU l,2 + β (1 -p) × β pU l,3      s.to H q l,1 y -w l,1 + β p y -w l,2 + (β p) 2 y -w l,3 = C
where U l,2 = U m,1 , given that the three-period workers at the second period has the same behavior as a two-period worker,

U m,1 = max {wm,1,wm,2,qm,1} F (q m,1 ) [u (w m,1 ) + β pu (w m,2 )] + (1 -F (q m,1 )) [u (z) + β pU m,2 ] s.to H (q m,1 ) [y -w m,1 + β p (y -w m,2 )] = C
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And based on similar argument, we have U l,3 = U m,2 = U s,1 , for the last period of three-period workers,

U s,1 = max {ws,1,qs,1} F (q s,1 ) [u (w s,1 )] + (1 -F (q s,1 )) [u (z)] s.to H (q s,1 ) [y -w s,1 ] = C
In section 2, we have shown that the per-period wage w FI m,1 = w FI m,2 = w FI m is increasing, while the expected queue length q FI m decreasing in β and p. So that we conclude w FI m > w FI s , and q FI m < q FI s . We can generalize this result using the same method in the proof of proposition 1 that "The per-period wage w FI l,1 = w FI l,2 = w FI l,3 = w FI l is increasing, while the expected queue length q FI l is decreasing in β and p". By this, we could conclude w FI l > w FI s , and q FI l < q FI s . The result that w FI l > w FI m and q FI l < q FI m can also be obtained using the same argument: simply by introducing another parameter k homogenous to the scalar (β p) 2 , such that when k = 0, it coincides with U m,1 , and when k = 1, it coincides with U l,1 . Now we move to the case where information is asymmetric. We assume that firms are able to perfectly observe the workers' working horizon (i ∈ {s, m, l}), and can post wages conditional on it. Then there is no information problem with respect to it. However, there is unobservable heterogeneity p ∈ {p L , p H } within each working horizon, i.e., p H > p L > 0. In the previous section, we have dealt with the case for two period workers (median-term).

Here we examine the case for three-period workers (long-term). To avoid multi-dimensional asymmetric information, we focus on the case where workers are either type L (with p L ) or type H (with p H ) during her employment expected lifespan. 20The corresponding program under asymmetric information is as follows:

U AI l,1 (H) = max {w l,1 ,w l,2 ,w l,3 ,q l,1 |H}      F q l,1 u w l,1 + β p H × u w l,2 + β p H u w l,3 + (1 -p H ) × β p H U l,3 + 1 -F q l,1 u (z) + β p H U l,2 + β (1 -p H ) × β p H U l,3      s.to H q l,1 y -w l,1 + β p H y -w l,2 + (β p H ) 2 y -w l,3 = C      F q l,1 u w l,1 + β p L × u w l,2 + β p L u w l,3 + (1 -p L ) × β p L U l,3 + 1 -F q l,1 u (z) + β p L U l,2 + β (1 -p L ) × β p L U l,3      ≤ U l,1 (L) where U l,1 (L) = max {w l,1 ,w l,2 ,w l,3 ,q l,1 |L}      F q l,1 u w l,1 + β p L × u w l,2 + β p L u w l,3 + (1 -p L ) × β p L U l,3 + 1 -F q l,1 u (z) + β p L U l,2 + β (1 -p L ) × β p L U l,3      s.to H q l,1 y -w l,1 + β p L y -w l,2 + (β p L ) 2 y -w l,3 = C
Wage growth and tenure. With exactly the same argument, we can replicate the results that for the expected number of applicants we have q FI l (H) < q AI l (H) < q AI l (H) = q FI l (L), and for the wages we have w AI l,1 (H) < w AI l,2 (H) < w AI l,3 (H), and w AI l,1 (H) < w FI l (H) < w AI l,3 (H). Most importantly, with three periods, we are able to provide the profile of the wage during the worker' career in a firm, i.e. the link between the wage growth and the tenure, conditional on the worker's type.

Proposition 10. When u ′′′ (.) < 0, the wage growth of the type H worker is concave:

w AI l,2 (H) -w AI l,1 (H) < w AI l,3 (H) -w AI l,2 (H) 
Proof. See Appendix 1.6.10

Firstly, our results give some foundation to the observed increase of the real wage with tenure. 21 Secondly, our model generates a composition effect in the measure of tenure on the wage growth. Indeed, heterogeneous workers ("bad type" and "good type") can have the same tenure but not the same contract: "good type" workers have an increasing wage (Proposition 10), whereas "bad type" workers have a flat wage. This explains why the "staying" workers have larger wage increases linked to tenure than "moving" workers (see Altonji and Williams (1998)).

Tenure-dependent probability of separation. In the above extension of the baseline economy, we maintained the homogeneity of the separation probability p along the contract duration to avoid difficulties arising from multi-dimensional heterogeneity. However, there are good reasons that the separation probability p may be varying along the duration of the contract.

Firstly, p may be tenure-decreasing: workers with higher tenure can be closer to retirement, and hence have higher probability of leaving the labor market. Our model could partially capture this scenario. Consider the following example. Instead of having tenureindependent p, we now distinguish the second-period and third-period p as "p 2 (H) and Dynamic Contracts in Search Equilibrium under Asymmetric Information p 3 (H)" for type H, while "p 2 (L) and p 3 (L)" for type L. 22 Assume further p 2 (L) p 2 (H) ≤ p 3 (L) p 3 (H) ≤ 1, where at least one inequality should hold strict to guarantee heterogeneity. These inequalities mean that at the end of the contract (period 3), the probability for workers of different types differs to a less extent. Then our above results on the queue length and wage profile can carry through, and the proof is exactly the same as those in section 2. 23Another situation arises when p depends positively on workers' tenure. In this case, one can preserve our results on the queue length and on the wage profile only if we introduce some restrictions on the parameters ensuring that the increase in p is not "too large".

The unemployment benefits. At last, we would like to raise some concern on the different effects from the working horizon (measured by p), and the outside option (measured by z), which can include unemployment benefits. It is well known from Acemoglu and Shimer (1999) that a higher outside option z leads risk-averse workers to demand higher wages more aggressively. This implies that implicitly we have both dw dz > 0 and dq dz > 0. While recall that we have shown dw d p > 0 but dq d p < 0, albeit higher value of p actually implies higher outside option. It is thus also important to study separately these two effects, and give conditions under which the working horizon (or outside option) effect dominates. This will be left for future work, and the comparative statics offered in the proof of Proposition 1 will serve as a useful tool.

Conclusion

In this paper, we deal with an asymmetric information problem within competitive search environment. Firms sink investment in vacancies ex ante and post wages in the hope of attracting the right workers to recoup invest costs; however, whether to quit the employment relationship prematurely is worker's private information; hence the posted wage profiles should induce self-selection.

In the baseline model where separation is an exogenous event, we firstly identify that it is the 'bad' workers (those with shorter horizon) who have incentive to misrepresent their type by applying for a long-term contract. We show that the optimal separating contract results in a distorted allocation for the 'good' workers (those with longer horizon) in order to prevent the 'bad' from applying for these jobs. The equilibrium wage profile has to be increasing, albeit premature quitting has the same consequence as a productivity drop. Our solution is close to the one discussed by [START_REF] Salop | Self-selection and turnover in the labor market[END_REF], who considers a Two-Part Wage mechanism to induce self-selection. 24 We generalize the [START_REF] Salop | Self-selection and turnover in the labor market[END_REF] result in a context of an equilibrium search model where risk aversion provides sufficient restrictions for the uniqueness of wage path and we extend the Guerrieri, Shimer and Wright (2010) result with wage dynamics and verify that this contract ensures the existence of a separating equilibrium. Finally, it is straightforward to observe that when the fraction of bad types is low, a pooling allocation can be constructed to make both types of workers better off, so that the separating equilibrium could be Pareto dominated.

In the second part, the separation decision is endogenized by introducing home production value as the source of asymmetric information. Such an extension permits us to study the impact of asymmetric information on the extensive margin. Two cases are considered: ex ante or ex post heterogeneity. For the case with ex ante heterogeneity, we obtain the same increasing wage profile which is necessary to achieve self-selection, as in the benchmark case where separation is exogenous. In addition, the extensive margin is distorted downwards, in the sense that more workers switch to search in the one-period submarket, and choose to be inactive in the second period. This is because the contract posted by the firms in the two-period is distorted for the sake of discouraging the one-period workers from applying, and this in turn leads to lower anticipated expected payoff in the two-period submarket. Finally, in the case of ex-post heterogeneity (e.g. in the case of an unexpected outside option shock during the career), since asymmetric information takes place after matching, there is ex ante only one submarket. The mechanism comprises a wage profile, as well as a retaining decision; in equilibrium, the wage profile is increasing, while the retaining decision leads to a cut-off value on the realisation of home production level, above which the workers in question choose to quit prematurely. The extensive margin compared to the full information economy is lower due to the existence of costly information rent. Thus, it seems that excessive separation linked to the asymmetry in the information is a robust result in a competitive search environment. The solution for a type p H worker is determined by the following two equations 25 (By substituting L for H, we obtain the solution for the type p L workers):
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1-ε H (q * H ) ε H (q * H ) = y-w * H 1 u ′ ( w * H ) × u(w * H )-1 1+β p H (β p H U 1p +u(z)) C = H (q H ) (1 + β p H ) (y -w H ) Result 1: w * H > w * L .
Since type H's problem coincides with the type L's problem when p H = p L , if we could verify that

dw * H d p H > 0, it implies that w * H > w * L .
We consider the implicit function defined by rearranging the first order condition:

I (w * H , p H ) = u (w * H ) -1 1+β p H β p H U 1p + u (z) -u ′ (w * H ) (y -w * H ) ε H (q * H (w * H )) 1-ε H (q * H (w * H )) = 0
where q * H (w * H ) is defined by the Free-entry condition. We want to show 

I p H = - β (1 + β p H ) 2 U 1p + β (1 + β p H ) 2 u (z) <0 -u ′ (w * H ) (y -w * H ) 1 (1 -ε H ) 2 ε ′ H -βC (1 + β p H ) 2 (y -w * H ) H ′ (q * H ) <0 < 0 
On the other hand, I (w * H , p H ) leads to

I w * H = u ′ (w * H ) >0 -u ′′ (w * H ) (y -w * H ) ε H (q * H (w * H )) 1 -ε H (q * H (w * H )) >0 +u ′ (w * H ) ε H (q * H (w * H )) 1 -ε H (q * H (w * H )) >0 -u ′ (w * H ) (y -w * H ) ε ′ H (1 -ε H ) 2 × 1 H ′ (q * H ) C (1 + β p H ) 1 (y -w * H ) 2 >0
Thus in total

dw * H d p H > 0, leading to w * H > w * L .
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Result 2: q * H < q * L . The simplest way is to use the same argument as above and to prove dq * H d p H < 0. We thus consider the implicit function defined and obtained by rearranging the first order condition:

X (q * H , p H ) = 0 = u (w * H (q * H )) -1 1+β p H (β p H U 1p + u (z)) -u ′ (w * H (q * H )) (y -w * H (q * H )) ε H (q * H ) 1-ε H (q * H )
where w * H (q * H ) is defined by the Free-entry condition. Implicit function theorem leads to

dq * H d p H = - X p H X q * H
, where X q * H = dX dq * H and X p H = dX d p H . These derivatives are given by:

X q * H = u ′ × dw * H dq * H >0 -u ′′ × dw * H dq * H (y -w * H (q * H )) ε H (q * H ) 1 -ε H (q * H ) <0 +u ′ × dw * H dq * H × ε H (q * H ) 1 -ε H (q * H ) >0 -u ′ × (y -w * H (q * H )) 1 (1 -ε H ) 2 ε ′ H <0 > 0 X p H = ≷0 u ′ × dw * H d p H >0 - β (1 + β p H ) 2 U 1p + β (1 + β p H ) 2 u (z) <0 -u ′′ × dw * H d p H (y -w * H (q * H )) ε H (q * H ) 1 -ε H (q * H ) <0 + u ′ × dw * H d p H × ε H (q * H ) 1 -ε H (q * H ) >0
There seems to be ambiguity for the sign of X p H . We now try to rearrange it:

X p H = u ′ × dw * H d p H - β (1+β p H ) 2 U 1p + β (1+β p H ) 2 u (z) -u ′′ × dw * H d p H (y -w * H (q * H )) ε H (q * H ) 1-ε H (q * H ) + u ′ × dw * H d p H × ε H (q * H ) 1-ε H (q * H ) = β (1+β p H ) 2 × u ′ 1 1-ε H C H(q * H ) -(U 1p -u (z)) + β (1+β p H ) 2 × -u ′′ × (y -w * H ) ε H 1-ε H C H(q * H )
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We use first order condition to rewrite it, and obtain

X p H = β (1+β p H ) 2 × u ′ 1 1-ε H C H(q * H ) -(U 1p -u (z)) -u ′′ × (y -w * H ) ε H 1-ε H C H(q * H ) = β (1+β p H ) 2 ×     >0 1 ε H [β p H u (w * H ) -β p H U 1p ] + >1 1 ε H [u (w * H ) -u (z)] -(U 1p -u (z)) >0     + β (1+β p H ) 2 × -u ′′ × (y -w * H ) ε H 1-ε H C H(q * H ) > 0
We thus deduce that X p H > 0, and thus

dq * H d p H = - X p H X q * H < 0.
This implies that the surplus of the firms is increasing in the value of p H , leading to q * H < q * L .

Result 3: U * H > U * L . When p L = p H , U * L = U * H .
In addition, since by Envelope Theorem the U * L is increasing in p L (higher value of p corresponds to higher value from search), we have

U * H > U * L . Result 4: (1 + β p H ) w * H -(1 + β p L ) w * L < (1 + β p H ) y -(1 + β p L ) y.
By the binding zero profit condition for both types, we have

(1 + β p H ) y -(1 + β p H ) w * H = C H(q * H ) (1 + β p L ) y -(1 + β p H ) w * L = C H(q * L ) Since q * H < q * L , we have (1 + β p H ) w * H -(1 + β p L ) w * L < (1 + β p H ) y -(1 + β p L ) y.

Proof of Proposition 2

Proof. When p H = 1 and p L = 0, the programs are reduced to

U * H = F (q * H ) u w * H,1 + β u w * H,2 + (1 -F (q * H )) u (z) + βU 1p U * L = F (q * L ) [u (w * L )] + (1 -F (q * L )) [u (z)]
We need to show that

U * H > (1 + β )U * L . Recall that when p L = 0, U * L = U 1p .
We could reorganize terms in the following manner:

U * H = F (q * H ) u w * H,1 + β u w * H,2 + (1 -F (q * H )) u (z) + βU 1p = F (q * H ) u w * H,1 -u (z) + u (z) + β F (q * H ) u w * H,1 -U 1p +U 1p > U * L + β F (q * H ) u w * H,1 -U 1p +U 1p > U * L + βU * L 1.6 Appendix
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where the first inequality is induced by virtue of Proposition 1.

Proof of Proposition 3

A separating contract always exists. We will show that the equilibrium allocation satisfies the 3 main assumptions (emphasized by GSW), which are required for the existence and uniqueness of the competitive search equilibrium.

A1) Monotonicity. Given any wage profile (w 1 , w 2 ), the ex post surplus of firms should be monotonic in p. This is satisfied, because (yw 1 ) + β p H (yw 2 ) > (yw 1 ) +

β p L (y -w 2 )
A2) Local non-satiation. Let (w i,1 , w i,2 ) be a feasible contract for type i. Consider ŵ1 = w i,1 + h, and ŵ2 = w i,2 + k in the neighborhood of (w i,1 , w i,2 ), so that yw i,1 +

β p i (y -w i,2 ) -(h + β p i k) ≥ 0, and 
√ h 2 + k 2 < ε. Then we require (1) y -ŵ1 + β p i (y -ŵ2 ) > y -w i,1 + β p i (y -w i,2 ) ≥ 0, and (2) 
for j < i (p j < p i ),

u ( ŵ1 ) + β p j u ( ŵ2 ) -u (z) -β p j U 1p ≤ u (w i,1 ) + β p j u (w i,2 ) -u (z) -β p j U 1p .
It suffices that we have (1) h + β p i k < 0, and (2) u ′ (w i,1 ) h + β p j u ′ (w i,2 ) k ≤ 0. Or equivalently, min -β p i , -β p j u ′ (wi,2) u ′ (wi,1) > h k for h < 0 and k > 0.

A3) Sorting (similar to single-crossing). Given any type i, and given any feasible wage profile (w i,1 , w i,2 ) for this type i, there exists a wage profile ( ŵ1 , ŵ2 ) which is close enough to (w i,1 , w i,2 ), i.e., in some ε neighborhood of (w i,1 , w i,2 ) such that 1) for j ≥ i (types better than i):

u ( ŵ1 ) + β p j u ( ŵ2 ) -u (z) -β p j U 1p ≥ u (w i,1 ) + β p j u (w i,2 ) -u (z) -β p j U 1p
2) for j < i (types worse than i):

u ( ŵ1 ) + β p j u ( ŵ2 ) -u (z) -β p j U 1p < u (w i,1 ) + β pu (w i,2 ) -u (z) -β p j U 1p
Proof of A3): Let (w i,1 , w i,2 ) be a feasible contract for type i. Consider ŵ1 = w i,1 + h, and ŵ2 = w i,2 + k in the neighborhood of (w i,1 , w i,2 ), so that yw i,1 + β p i (yw i,2 ) -(h + β p i k) ≥ 0, and

√ h 2 + k 2 < ε.
For j ≥ i, we require

u ( ŵ1 ) + β p j u ( ŵ2 ) -u (z) -β p j U 1p > u (w i,1 ) + β p j u (w i,2 ) -u (z) -β p j U 1p
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u ( ŵ1 ) + β p j ′ u ( ŵ2 ) -u (z) -β p j ′ U 1p < u (w i,1 ) + β p j ′ u (w i,2 ) -u (z) -β p j ′ U 1p
The former can be satisfied as long as u ′ (w i,1 ) h + β p j u ′ (w i,2 ) k > 0; The latter can be satisfied as long as u ′ (w i,1 ) h + β p j ′ u ′ (w i,2 ) k < 0. Equivalently, we should require

-β p j ′ u ′ (wi,2) u ′ (wi,1) > h k > -β p j u ′ (wi,2) u ′ (wi,1)
with h < 0 and k > 0, which is possible for p j ′ < p j .

Proof of Proposition 4

Claim 1: w AI H,1 < w AI H,2 . Consider the lagrangian of the program:

L = F (q) [u (w H,1 ) + β p H u (w H,2 )] + (1 -F (q)) (u (z) + β p H U 1p ) +λ {H (q) [y -w H,1 + β p H (y -w H,2 )] -C} -δ F (q) [u (w H,1 ) + β p L u (w H,2 )] + (1 -F (q)) (u (z) + β p L U 1p ) -U L
Solving the FOCs, with respect to w 1 , w 2 and q:

F q AI H u ′ w AI H,1 -λ H q AI H -δ F q AI H u ′ w AI H,1 = 0 F q AI H β p H u ′ w AI H,2 -λ β p H H q AI H -δ F q AI H β p L u ′ w AI H,2 = 0 F ′ q AI H u w AI H,1 + β p H u w AI H,2 -u (z) -β p H U 1p +λ H ′ q AI H y -w AI H,1 + β p H y -w AI H,2 -δ F ′ q AI H u w AI H,1 + β p L u w AI H,2 -(u (z) + β p L U 1p ) = 0
We can rearrange the two first FOCs to obtain the following equations:

u ′ w AI H,1 = λ q 1 -δ u ′ w AI H,2 = λ q 1 -δ p L p H < λ q 1 -δ = u ′ w AI H,1
We deduce that (i) w AI H,1 < w AI H,2 and (ii) 0 < δ < 1. The result that δ is greater than zero follows readily from the method of Lagrangian multiplier with inequality constraint.

Claim 2a: w AI

H,1 < w * L . Notice that since the allocation for the type L workers are not distorted, we have w * L = w AI L,1 = w AI L,2 , and q * L = q AI L . Now suppose w AI H ≥ w * L . Because we already established w AI H,1 < w AI H,2 , then from the binding IC constraint

F q AI H u w AI H,1 + β p L u w AI H,2 + 1 -F q AI H (u (z) + β p L U 1p ) = F q AI L u w AI L,1 + β p L u w AI L,2 + 1 -F q AI L (u (z) + β p L U 1p ) = U AI L
We could conclude that F q AI H ≤ F q AI L . Thus q AI H ≥ q AI L .
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The FOC with respect to q for type H could be rewritten in the following way:

1 1-δ 1 u ′ w AI H,1    u w AI H,1 + β p H u w AI H,2 -u (z) -β p H U 1p -δ u w AI H,1 + β p L u w AI H,2 -u (z) -β p L U 1p    = - H ′ (q AI H ) F ′ (q AI H ) 1 q AI H C H(q AI H )
The FOC with respect to q for type L could be rewritten in the following way:

1 u ′ (w * L ) [u (w * L ) + β p L u (w * L ) -u (z) -β p L U 1p ] = - H ′ (q * L ) F ′ (q * L ) 1 q * L C H (q * L )
First, we notice that, the RHS of both FOC is strictly decreasing in q. Because we can make use of the relationship H (q) = F (q) q to rewrite it as

- H ′ (q) F ′ (q) 1 q C H (q) = - H ′ (q) H ′ (q) q -H(q) q 2 1 q C H (q) = ε H 1 -ε H decreasing in q H C H (q)
Secondly, it could be noticed that if we substitute w L on the LHS of the FOC for type H, it becomes:

LHS type H (w L , w L ) = 1 1-δ 1 u ′ (w * L ) [u (w * L ) + β p H u (w * L ) -u (z) -β p H U 1p ] -δ [u (w * L ) + β p L u (w * L ) -u (z) -β p L U 1p ] = 1 1 -δ β (p H -p L ) [u (w * L ) -U 1p ] u ′ (w * L ) >0 + 1 u ′ (w * L ) [u (w * L ) + β p L u (w * L ) -u (z) -β p L U 1p ] LHS type L
Thus LHS type H (w * L , w * L ) is always greater than the LHS of the FOC for type L, i.e.

LHS type H (w * L , w * L ) > LHS type L (w * L , w * L ). But if it is so, then LHS type H w AI H,1 , w AI H,2 > LHS type H (w * L , w * L ), because we supposed w * L ≤ w AI H,1 < w AI H,2
. These will imply that the RHS of the FOC for type H should be strictly greater than the RHS of the FOC for type L, i.e. RHS type H > RHS type L . Since the RHS of both FOCs have the same functional form, then it must be that q AI H < q * L , given that the RHS is decreasing in q. However, we established at the beginning of this proof that q AI H ≥ q * L , we could reach the contradiction.

Claim 2b: w *

H < w AI H,2 . This could be shown using the same way as in the proof of claim 2a. Thus in total we have

w AI H,1 < w * L < w * H < w AI H,2 .
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Claim 3: U AI H < U * H . This is true because U AI H is the utility at the maximum level of an optimization program with an additional constraint, compared to U * H .

Claim 4: q AI H < q * L . We are going to proceed by contradiction. Suppose that q AI H ≥ q * L . From the IC constraints

F q AI H × u w AI H,1 + β p L u w AI H,2 + 1 -F q AI H u (z) + β p L U 1p ≤ U * L we are able to obtain u w AI H,1 + β p L u w AI H,2 ≥ (1 + β p L ) u (w * L ).
Then we can use the same arugments as in the proof of proposition 4 in appendix D to show that, the first order constraints imply that q AI H < q * L . We hence obtain a contradiction. So we conclude that q AI H < q * L .

Claim 5: q * H < q AI H . Firstly, we have that in the equilibrium with asymmetric information, w AI H,1 is negatively correlated with q AI H , and w AI H,2 is positively correlated with q AI H . Secondly, notice that when p L → p H , the asymmetric information allocation should tend to the full information allocation by continuity. More precisely, since w AI H,1 < w * L < w * H < w AI H,2 , we know that w AI H,1 should gradually increase to w * H and w AI H,2 should gradually decrease to w * H . 26Now suppose that q AI H ≤ q * H . So when p L → p H , q AI H should increase to q * H . Then both w AI H,1 and q AI H increase with p L , and it implies that w AI H,1 is positively correlated with q AI H -a contradiction.

On the other hand, if q * H < q AI H , then when p L → p H , q AI H decreases to q * H . At the same time, w AI H,2 decreases to w * H and w AI H,1 increases to w * H . This is consistent with the fact that w AI H,1 is negatively correlated with q AI H , and w AI H,2 is positively correlated with q AI H .

Claim 6: Type H workers are worse off choosing type L's allocation, so that they do no have incentive to misrepresent themselves as type L. If type H workers choose the allocation of type L workers, the expected utility that they would enjoy is

F (q * L ) (u (w * L ) + β p H u (w * L )) + (1 -F (q * L )) u (z) + β p H U 1p
We want to show that this amount is smaller than the following which is the amount type H would secure if they stick to their own allocation:

F q AI H u w AI H,1 + β p H u w AI H,2 + (1 -F (q * H )) u (z) + β p H U 1p
The comparison could be simplified to the following

F (q * L ) (u (w * L ) + β p H u (w * L )) -u (z) + β p H U 1p < F q AI H u w AI H,1 + β p H u w AI H,2 -u (z) + β p H U 1p
According to the incentive constraint as follows

F (q * L ) u (w * L ) + β p L u (w * L ) -u (z) -β p L U 1p = F q AI H u w AI H,1 + β p L u w AI H,2 -u (z) -β p L U 1p
, it suffices that the following inequality is true

F (q * L ) u (w * L ) -U 1p < F q AI H u w AI H,2 -U 1p
On one hand, since q AI H < q * L , we have F q AI H > F (q * L ). On the other hand, since

w AI H,2 > w * H > w * L , we have u w AI H,2 > u (w * L )
. So it indeed holds true.

Claim 7: U AI H > U * L . It follows from the following relationships.

U * L = F q AI H u w AI H,1 + β p L u w AI H,2 + (1 -F (q * H )) u (z) + β p L U 1p < F q AI H u w AI H,1 + β p H u w AI H,2 + (1 -F (q * H )) u (z) + β p H U 1p
The equality comes from the incentive constraint, and the inequality comes from the fact that p L < p H .

Proof of Proposition 5

Consider a pooling allocation which treats both types identically. All firms post w 1st period = w 2nd period = w α . The queue length

q α = α N M + (1 -α) N M = N H M + N L
M will satisfy:

H (q α ) [(y -w α ) + β p α (y -w α )] = C
where p α = α p H + (1α) p L . Furthermore, let (q α , w α ) be the solution of the following program:

U α = max F (q) [u (w α ) + β p α u (w α )] + (1 -F (q)) (u (z) + β p α U 1p ) s.to H (q) [y -w α + β p α (y -w α )] = C
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If we compare the above zero profit condition (H (q α ) [(yw α ) + β p α (yw α )] = C) to firms' zero profit condition in the separating equilibrium with asymmetric information,

H q AI H y -w AI 1,H + β p H y -w AI 2,H
= C, we notice that, when p α → p H , i.e., when the fraction of bad workers is sufficiently low, the optimization program constructed just above approaches the optimization program for the type-H workers in the full information (FI) case where IC constraint is absent. This implies that, when p α → p H , we obtain w α → w FI H and q α → q FI H , hence the good workers will be better off in terms of expected utility, when the fraction of bad workers is negligible Furthermore, recall that in the full information case, the equilibrium allocation is such that q FI H < q FI L and w FI H > w FI L . These two inequalities imply that the type L-workers could be employed more often, and receive higher ex post wages under this constructed pooling allocation. We could in turn conclude that the bad workers will also be better off in terms of expected utility under this pooling contract.

Proof of Proposition 6

Proof. the optimization program under full information is as follows. For firms which desire the type-H workers, we have

U * H (h H , z) = max {q,w H,1 ,w H,2 } F (q H ) [u (w H,1 ) + β u (w H,2 )] + (1 -F (q H )) u (z) + β max u (h H ) ,U 1p (h H , z) s.t. H (q H ) [y -w H,1 + β (y -w H,2 )] = C where U 1p (h, z) = max {q,w} {F (q) u (w) + (1 -F (q)) [u (h) + u (z)]} s.t. H (q) [y -w] = C
and for the firms which desire the the type-L workers, we have

U * L (h L , z) = max {q,w L,1 ,w L,2 } {F (q L ) u (w L ) + (1 -F (q L )) u (z) + β u (h L )} s.t. H (q L ) [y -w L ] = C
We are going to proceed as follows. Firstly (Step 1), we show that when h H tends to zero, the type-L workers will have incentive to mimic these type-H workers. Then (Step 2), we show that as h H increases, the expected payoff from misrepresenting their types becomes less and less attractive for the type-L workers. Finally (Step 3), we show that for the type-H workers with h H slightly below ĥ, the type-L workers do have incentive to mimic them; then by continuity, we are able to conclude that type-L workers are always better off by misrepresenting their types as any type-H workers.

Appendix

Step 1. Consider the case where the value of h H is small enough such that h → 0. In that case, the type-H's problem coincides with the two-period workers' problem in the previous section. And the type-L's allocation coincides with the one-period workers' allocation. We have shown that the one-period workers will misrepresent their types when information is asymmetric. Step 2. We should show that as h H increases towards ĥ, the extra payoff from choosing the allocation of these h H types becomes less and less for those type-L workers. We shall firstly define U h H |h L as the expected payoff of a type-L worker who chooses the allocation of type-H worker. And we have

U h H |h L = F (q * (h H )) u (w * (h H )) + (1 -F (q * (h H ))) u (z) + β u (h L ) and U h L |h L = F (q * L ) u (w * L ) + (1 -F (q * L )) u (z) + β u (h L )
Notice that in Step 1, we have when

h H = 0, U h H |h L > U h L |h L .
We shall show that U h H |h L decreases with h H , or equivalently we want to examine whether

∂U h H |h L ∂ h H = ∂ F(q * H ) ∂ q * H dq * H dh H u (w * H ) + F (q * H ) u ′ (w * H ) dw * H dh H - ∂ F(q * H ) ∂ q * H dq * H dh H u (z) < ? 0
By Envelope theorem we have

∂U * H ∂ h H =    (1 -F (q * H )) × β u ′ (h H ) for u (h H ) ≥ U 1p (h H , z) (1 -F (q * H )) × β 1 -F q 1p u ′ (h H ) for u (h H ) < U 1p (h H , z)
This implies that by implicit differentiation of U * H with respect to h H , we should have

0 = ∂ F(q * H ) ∂ q * H dq * H dh H [u (w * H ) + β u (w * H )] + F (q * H ) (1 + β ) u ′ (w * H ) dw * H dh H - ∂ F(q * H ) ∂ q * H dq * H dh H u (z) + β max u (h H ) ,U 1p (h H , z)
We firstly rearrange the above expression in the following way to obtain

0 = Term A ∂ F (q * H ) ∂ q * H dq * H dh H u (w * H ) + F (q * H ) u ′ (w * H ) dw * H dh H +β × ∂ F(q * H ) ∂ q * H dq * H dh H u (w * H ) + F (q * H ) u ′ (w * H ) dw * H dh H - ∂ F (q * H ) ∂ q * H dq * H dh H u (z) Term B + β × - ∂ F (q * H ) ∂ q * H dq * H dh H max u (h H ) ,U 1p (h H , z) Term C
Dynamic Contracts in Search Equilibrium under Asymmetric Information Since it could be straightforwardly verified that both the equilibrium value of w * H increases and the equilibrium q * H increase with h H (either by revealed preference or by implicit differentiation), we could conclude that Term A is negative, owing to the fact that Term B and Term C are both positive. We can then rearrange again the expression in the following way:

0 = Term A<0 ∂ F (q * H ) ∂ q * H dq * H dh H u (w * H ) + F (q * H ) u ′ (w * H ) dw * H dh H Term B>0 - ∂ F (q * H ) ∂ q * H dq * H dh H u (z) +β      ∂ F (q * H ) ∂ q * H dq * H dh H u (w * H ) + F (q * H ) u ′ (w * H ) dw * H dh H Term A<0 - ∂ F (q * H ) ∂ q * H dq * H dh H max u (h H ) ,U 1p (h H , z) Term C>0     
Then since "Term A + Term B" is always smaller than "Term A + Term C", we could conclude that Term A + Term B < 0 and Term A + Term C > 0. So that we have proved that

∂U h H |h L ∂ h H = Term A<0 ∂ F (q * H ) ∂ q * H dq * H dh H u (w * H ) + F (q * H ) u ′ (w * H ) dw * H dh H Term B>0 - ∂ F (q * H ) ∂ q * H dq * H dh H u (z) 
< 0 which means that as h H increases towards ĥ, the extra payoff from choosing the allocation of these h H types becomes less and less for those type-L workers.

Step 3. At last, we would like to show that for values of h H slightly below ĥ, the type L workers always have incentive to misrepresent their types. For values of h H slightly below ĥFI , the expected payoff for the type-H workers is written as

U * H (h H , z) = F (q * H ) [u (w * H ) + β u (w * H )] + (1 -F (q * H )) [u (z) + β u (h H )] = F (q * H ) u (w * H ) + (1 -F (q * H )) u (z) +β F (q * H ) [u (w * H ) -u (h H )] + β u (h H )
We now compare this payoff with the payoff of the threshold type-L workers, which is

U * L ĥ, z = F (q * L ) u (w * L ) + (1 -F (q * L )) u (z) +β u ĥ 1.6 Appendix Since U * H (h H ) U * H ĥ = U *
L ĥ , we then have

F (q * H ) u (w * H ) + (1 -F (q * H )) u (z) + β F (q * H ) [u (w * H ) -u (h H )] ≈ F (q * L ) u (w * L ) + (1 -F (q * L )) u (z)
and we can rearrange it to

F (q * H ) u (w * H ) + (1 -F (q * H )) u (z) -[F (q * L ) u (w * L ) + (1 -F (q * L )) u (z)] ≈ -β F (q * H ) [u (w * H ) -u (h H )]
Notice that the left-hand side of the quasi-equality represents the net gain from misrepresenting the type for a type-L workers, i.e.,

U h H |h L -u (h L ) -U h L |h L -u (h L ) , where U h H |h L = [F (q * H ) u (w * H ) + (1 -F (q * H )) u (z)] and U h L |h L = [F (q * L ) u (w * L ) + (1 -F (q * L )) u (z)
]. Now it suffices to show that on the right hand side, [u (w * H )u (h H )] ≈ u (w * H )u ĥFI is smaller than zero. This is always true. Recall that we argued that an individual only chooses to enter into the one-period market whenever u (h)u (w H ) is strictly greater than zero, because there is a discrete drop of utility by changing from a two period wage contract w * 2-period , q * 2-period to a one-period contract w * 1-period , q * 1-period as we showed in the benchmark section -within a 2-period contract, the worker always gets matched more often and enjoys higher per-period wage.

Proof of Proposition 7

The first order conditions with respect to w H,1 , w H,2 and q H are:

F q AI H u ′ w AI H,1 -λ H q AI H -δ F q AI H u ′ w AI H,1 = 0 F q AI H β u ′ w AI H,2 -λ β H q AI H = 0 F ′ q AI H u w AI H,1 + β u w AI H,2 -u (z) -β max u (h H ) ,U 1p +λ H ′ q AI H y -w AI H,1 + β y -w AI H,2 -δ F ′ q AI H u w AI H,1 -u (z) = 0
where λ and δ are the Lagrangian multipliers associated with the first and the second constraint. Given that H(q)/F(q) = q, the FOC leads to 

u ′ w AI H,1 = λ q AI H 1-δ u ′ w AI H,1 = λ q AI H Dynamic
H(q * H )((1 + β ) y -w * H -β w * H ) = 0 H(q AI H )((1 + β ) y -w AI H,1 -β w AI H,2 ) = 0
we have q AI H > q * H . However, on the other hand, by the first order condition with respect to q, which could be rewritten in the following manner,

u ′ (w * H )-u(z) u ′ (w * H ) + β u ′ (w * H )-max{u(h H ),U 1p} u ′ (w * H ) = ε(q * H ) 1-ε(q * H ) C H(q * H ) u ′ (w AI H,1 )-u(z) u ′ (w AI H,1 ) + β u ′ (w AI H,2 )-max{u(hH),U1p} u ′ (w AI H,2 ) = ε(q AI H ) 1-ε(q AI H ) C H(q AI H ) we then could conclude that q AI H < q * H , because Φ(w) ≡ u(w)-u(z) u ′ (w)
is increasing in w and

Ψ(q) ≡ ε(q) 1-ε(q) C H(q)
is decreasing in q. We then reach a contradiction, so that w AI H,1 < w * H . To prove w * H < w AI H,2 , we could proceed by exactly the same argument. The other results can be similarly reproduced as in Proposition 4, given that this program is just a particular case of the problem there with p H = 1 and p L = 0.

Proof of Lemma 1

(1) Incentive constraint implies that

e (h) u (w 2 (h)) -e (h) u (h) ≥ e h u w 2 h -e h u (h) and e h u w 2 h -e h u h ≥ e (h) u (w 2 (h)) -e (h) u h
Adding these two together, we obtain

e (h) -e h u h -u (h) ≥ 0
Hence e (h) is non-increasing in h. And it is also differentiable almost everywhere, from which w 2 (h) is also differentiable with the same points of non-differentiability.

(2) By standard argument as in [START_REF] Laffont | The theory of incentives: The principal-agent model[END_REF], it could be verified that the local incentive constraints imply the global incentive constraints. So that J (h, h) = max hJ h, h . This implies that we can use the Envelope condition to obtain

∂ J(h,h) ∂ h = -e (h) u ′ (h) ≤ 0 1.6 Appendix
By integration with respect to h, we obtain

J (h, h) -J h, h = h h e (x) u ′ (x) dx (3) Since ∂ J(h,h) ∂ h
≤ 0 , it suffices to impose J h, h ≥ 0 to make sure that all types participate. by virtue of the fact that 0 < F ( q) < 1. We hence obtain the following relationship:

1.6.9 Proof of Proposition 9

We have proved above that w AI 1 < w AI 2 < y = w FI . Now we prove ĥAI < ĥFI . Suppose ĥAI ≥ ĥFI . Then it implies that ĥAI > w AI 2 . Then, according to the optimal solution of firms' retaining choice, there exists some value of h with ĥAI > h > w AI 2 such that e (h) = 1. However, this contradicts the individual rationality constraint which requires that J (h, h) = e (h) × u w AI 2u (h) ≥ 0 for all h. Now we prove q AI > q FI . Firstly, we have the following FOC with respect to q AI in case of asymmetric information:

u(w AI 1 )-u(z) u ′ (w AI 1 ) + β G( ĥAI )u(w AI 2 )+ h ĥAI u(h)dG(h)-h h max{U 1p ,u(h)}dG(h) u ′ (w AI 1 ) y -w AI 1 + β G ĥAI y -w AI 2 = 1 1-ε(q AI ) C H(q AI )
Secondly, we define that q FI as being solved by the following program:

U FI = F (q) u (y) + β y h [u (y) -u (h)] dG (h) + β h h u (h) dG (h) + (1 -F (q)) u (z) + β h h max U 1p , u (h) dG (h) -1 q C × u ′ (y)
And the FOC with respect to q gives

u(y)-u(z) u ′ (y) + β G(y)u(y)+ h y u(h)dG(h)+ h h [u(h)-max{U1p,u(h)}]dG(h) u ′ (y) +y -y + β G (y) (y -y) = 1 1-ε(q FI ) C H(q FI )
We observe three elements:

1. the "LHS" of the FOC for the Asymmetric-information economy is increasing in w;

2. when w 1 = w 2 = y, the "LHS" of the FOC for the Asymmetric-information economy coincides with the "LHS" of FOC for the Full-information economy;

Dynamic Contracts in Search Equilibrium under Asymmetric Information

Now we show that the wage growth is concave under u ′′′ (.) < 0. When u ′′′ (.) < 0, u ′ (.) is concave. By the property of concave functions, we have

u ′ w AI l,1 (H) -u ′ w AI l,2 (H) < w AI l,1 (H) -w AI l,2 (H) × u ′′ w AI l,2 (H)
Similarly, we have

u ′ w AI l,3 (H) -u ′ w AI l,2 (H) < w AI l,3 (H) -w AI l,2 (H) × u ′′ w AI l,2 (H) ⇕ u ′ w AI l,2 (H) -u ′ w AI l,3 (H) > w AI l,2 (H) -w AI l,3 (H) × u ′′ w AI l,2 (H)
Hence, we have

w AI l,1 (H) -w AI l,2 (H) × u ′′ w AI l,2 (H) > u ′ w AI l,1 (H) -u ′ w AI l,2 (H) > u ′ w AI l,2 (H) -u ′ w AI l,3 (H) > w AI l,2 (H) -w AI l,3 (H) × u ′′ w AI l,2 (H) 
Then we divide -u ′′ w AI l,2 (H) at both sides of

w AI l,1 (H) -w AI l,2 (H) × u ′′ w AI l,2 (H) > w AI l,2 (H) -w AI l,3 (H) × u ′′ w AI l,2 (H) 
, we could obtain w AI l,2 (H)w AI l,1 (H) > w AI l,3 (H)w AI l,2 (H).

Introduction

It is usual to present the optimal unemployment insurance system as an arbitration between "smoothing" and "incentive": the benefits allow risk averse workers to smooth their consumption flows, but the timing of these benefits must also lead them to accept quickly a job proposal (see [START_REF] Shavell | The optimal payment of unemployment insurance benefits over time[END_REF]). In a principal-agent context with moral hazard, Hopenhayn and Nicolini (1997) (hereafter HN) show that the optimal contract consists of a regressive unemployment benefit which decreases with unemployment spell, as well as a wage tax which depends positively on the previous unemployment spell after reemployment. Hairault, Langot, Menard and Sopraseuth (2012) (hereafter HLMS) show that HN's result is weakened if age heterogeneity is present. Indeed, with an absorbing state retirement introduced, unemployment workers who are close to retirement have high probability of leaving permanently the labor force which prevents the principal from recouping the unemployment benefit transferred to these workers. A pension tax is suggested to remedy the problem. Michelacci and Ruffo (2015) pursue further through the direction of age-dependent policy. They show that redistributing unemployment benefit from the older to the younger workers can bring further gain to the welfare, even if the existing level of unemployment benefits is already close to optimal. Their result is based on two arguments. Firstly, unemployment insurance is relatively more valuable for the young workers, because consumption smoothing is harder to achieve for the young during a spell of unemployment; Secondly, the issue of moral hazard for the young generation is relatively mild, because the young should have stronger incentive of improving their career prospects -their human capital investments have higher marginal returns. The aim of this paper is to complete the analysis of an unemployment benefit system based on the worker age, by proposing an argument based on an equilibrium view of the labor market. Our main argument is the following: by providing additional revenues to unemployed young workers, the insurance system can better prevent the "bad" workers (the workers that will quit sooner) from applying to "good" jobs (the jobs that expect a longer employment relationship) in a market where firms lack information concerning the workers' horizon in the labor market (private information). Thus, a redistribution of the unemployment benefits from young to old workers could reduce the information costs.

Our equilibrium search framework is closest to Guerreri (2008) and Guerreri, Shimer and Wright (2010), and can be summarized as follow. There is only one source of heterogeneity: the expected horizon of remaining in the firm. Hiring a worker with longer horizon generates higher expected surplus, hence firms which aim at entering into such long term relationship are ready to sink more virtual cost ex ante by waiting longer for the match with such a worker to take place. However, the workers with short horizon are better off misrepresenting themselves as workers with longer horizon. The employers are then obliged to post contracts which induce self-selection -an adverse selection problem then arises. Since there is no means of further increasing the utility of workers with short horizon to make them less willing to practice arbitrage, the workers with long horizon's allocation must be distorted for this sake. Intuitively, these workers with long horizon generate higher expected surplus, so it is possible for the firm to sacrifice part of it for the screening process. Hence, a sorting mechanism is implemented: Bi and Langot (2015) prove the existence of segmented labor market equilibria when information is asymmetric. The incentive compatible contracts can endogenously segment the labor market: the "bad" (workers with short horizon) receive non-distorted contracts, whereas the "good" (those with longer horizon) receive distorted contracts. Although the discrimination process is directed "against" the bad workers, the induced cost is "paid for" by the good workers through a distorted contract. The bad workers receive information rent. The precise structure and context of Bi and Langot (2015) are as follows. In the benchmark, the workers are modelled as having an exogenous probability of quitting the labor market. This probability can be high or low, and is perfectly known at the time of hiring only by the workers. 1 We then extend the basic setup to two further frameworks where the workers are allowed to make participation choice. In the first framework with participation choice, workers receive, before search, a precise but private signal on their value of home production for their later stage of life, according to which they choose the submarket characterized by the length of employment relationship based on this private information. 2 In the second, the heterogeneity is only realised ex post -neither the workers nor the firms know the worker's utility of leisure before search, but during the contract this characteristic becomes observable by the worker. 3 At last, we consider a three-period extension of the benchmark (without participation choice), where the participation shock takes place recurrently and workers who are once shocked out of the market can become active again, to check the robustness of the model.

In this paper, our focus is on the impact of redistribution through front-loading unemployment benefit by age. Since the policy maker is subject to the same asymmetric information problem as in the decentralized case, it necessarily involves cross-subsidization across different types of workers. Qualitatively, redistribution induces cross-subsidization of welfare across workers of different types, which can aggravate (or mitigate) the informational externality -misrepresenting one's type may become more (or less) attractive for the low type. Quantitatively, the extent of such cross-subsidization will depend upon the fraction of each type of workers who enjoy the unemployment benefit (hereafter UB) in the labor market. Some results are summarized as follows. In the two-period benchmark, where the shock occurs only once, redistribution is always beneficial for the "bad"; as for the "good", their welfare variation results from a comparison between the loss from cross-subsidization and a gain from mitigated information externality, and the latter effect dominates when the fraction of the "good" is sufficiently high. The aggregate welfare always improves, because the cross subsidization always makes the "bad" comparatively less reluctant to misrepresent their type -the information constraint is relaxed. Now we allow submarket choice. If this choice is made before search, the results from the benchmark on the welfare are not altered, however, we find that the participation margin is further distorted after redistribution in the sense that redistribution induces larger fraction of workers to choose the one-period submarket (so that they do not work in the second period). We argue that this could in turn reduce the aggregate output in the two-period submarket. Hence in this framework, there is potential trade-off between loss in the aggregate output and gain in aggregate welfare. Now consider that the participation choice is made after search. When unemployment benefit can not be claimed by the workers who quit prematurely to enjoy home production, such a transfer has no impact on the welfare since it does not enter into the information constraint. When it can be claimed, such redistribution can bring aggregate welfare gain, and it can increase the participation margin in case of asymmetric information. At last, from the study of a three-period extension of the benchmark with recurrent participation shock, we establish that the results from the two-period model could be generalized under a fairly strong condition.

The paper is organized as follows. In Section 1, we present the benchmark with exogenous participation choices. In Section 2, we introduce workers' participation choice which depends on their home production shock before search. We move to the situation where such a shock occurs only after matching, this is done in Section 3. Section 4 discusses the robustness, and then we conclude. 

Model Assumptions

Consider a two-period economy with search friction. The number of workers is fixed, whereas the number of firms is variable and to be determined in the equilibrium. All workers start unemployed, and get hired by a firm through a job-search process. Denote q the tightness of the labor market, i.e. the worker/firm ratio. The hiring probability for the firms is H (q), while F (q) represents workers' job finding rate. As is usual in the matching models, we assume a constant return to scale relationship implying that (i) H (q) = qF (q), (ii) the workers' job finding rate F (q) is decreasing and concave in q, (iii) the firms' hiring probability H (q) is increasing and concave in q, and (iv) the elasticity of firms' hiring probability is a decreasing function in q and between (0, 1), i.e. ε ′ (q) = H ′ (q) H(q)/q ′ < 0 and ε (q) ∈ (0, 1).

We assume that an employed worker at the second period may leave the firm with certain probability for exogenous reasons, hence terminating the employment relationship prematurely. We focus on two possible types of worker: a fraction α will stay with probability p H -type "H"; while the rest are type "L" workers, who stay with probability p L , with p H > p L . Such a wage posting game has three stages: (i) firms announce wages; (ii) workers observe the posted wages, and choose where to apply; (iii) the workers who get matched with firms produce, and payoffs are realized. With full information, [START_REF] Bi | Dynamic contracts in search equilibrium under asymmetric information[END_REF] show that a competitive search equilibrium is characterized by (i) an optimal level of per period wage such that w FI H > w FI L , (ii) an optimal level of expected queue length such that q FI H > q FI L , (iii) the wages increase less faster than the increase of productivity with respect to p:

(1 + β p H ) w FI H -(1 + β p L ) w FI L < (1 + β p H ) y -(1 + β p L ) y.
Moreover, the workers who expect to stay longer in the firm enjoy higher expected utility from job search, even if different types offer the same quality of labor. This situation generates incentives for the type L workers to visit the submarket for the type H, if information is not perfectly shared. Thus firms which post long-term employment contracts and are uninformed about the workers' types may be unable to recoup their vacancy cost if they aim at attracting type H but end up with type L worker. This leads us to consider the possibility for firms to manipulate wage profile to induce self-selection among the workers, such that no workers will misrepresent their types.
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Equilibrium

The optimization program for firms that want to attract p H -type workers is written as follow:

U AI H = max q,w H,1 ,w H,2 F (q) [u (w H,1 ) + β p H u (w H,2 )] + (1 -F (q)) u (z) + β p H U 1p s.t. H (q) [y -w H,1 + β p H (y -w H,2 )] = C IC constraint F (q H ) [u (w H,1 ) + β p L u (w H,2 )] + (1 -F (q H )) u (z) + β p L U 1p ≤ U * L
where the optimal value of U L is deduced from the optimization program for firms that want to attract type L workers. This problem is written as:

U * L = max q,w L,1 ,w L,2 F (q) [u (w L,1 ) + β p L u (w L,2 )] + (1 -F (q)) u (z) + β p L U 1p s.t. H (q) [y -w L,1 + β p L (y -w L,2 )] = C
Finally, for the one-period workers, the optimal contract is deduced from:

U 1p = max q,w {F (q) u (w) + (1 -F (q)) u (z)} s.t. H (q) [y -w] = C
This economy is an extension of the theory proposed by Guerrieri, Shimer and Wright (2010). We will use the superscript "AI" for the equilibrium allocations of the program with incentive constraint, and the superscript " * " for the equilibrium allocations of the program without information constraint. The properties of this equilibrium are the following. Firstly, the separating equilibrium always exists. Secondly, the submarket allocation for type-L workers is not distorted, implying that q * L = q FI L , w * L,1 = w * L,2 = w FI L , and U * L = U FI L < U AI H , where FI stands for full information. Thirdly, the distortions are supported by the type H workers, leading to w AI H,1 < w FI L < w FI H < w AI H,2 , q FI H < q AI H < q FI L and U FI L < U AI H < U FI H .

Redistributive age-specific UB

Now, we distinguish the first-period unemployment benefit z 1 and the second-period unemployment benefit z 2 . The policy maker will redistribute by front-loading the unemployment benefit from the old to young. Starting with z 1 = z 2 = z. we lower the second period z 2 such that it becomes equivalent to z minus dz, i.e. z 2 = zdz.

The government will expect to gather money from the following fraction of the old generation:

α × β p H 1 -F q AI H 1 -F q * 1p + (1 -α) × β p L (1 -F (q * L )) 1 -F q * 1p (2.1)
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where α is the fraction of type H workers. At the same time, the government will expect to redistribute to the following fraction of young generation who suffers from unemployment:

α × 1 -F q AI H + (1 -α) × (1 -F (q * L )) (2.2)
To understand these expressions, notice that the expected fraction of workers who receive the first period u (z 1 ) consists of those who are not able to find a job in the first period, and this fraction consists of 1 -F q AI H for type H, and (1 -F (q * L )) for type L. For similar reason, the expected fraction of workers who receive the second period u (z 2 ) consists of

β p H 1 -F q AI H 1 -F q * 1p
for type H, and

β p L (1 -F (q * L )) 1 -F q * 1p
for type L. To keep budget balanced, every unit of decrease of old generation's unemployment benefit dz should be translated to

k ≡ α×[β p H (1-F(q AI H ))(1-F(q * 1p ))]+(1-α)×[β p L (1-F(q * L ))(1-F(q * 1p ))] α×(1-F(q AI H ))+(1-α)×(1-F(q * L ))
× dz unit of utility gain for the young generation regardless of the type. Such a transfer is justified by the fact that the planner has also no information on the agents' types. 4 Notice that it could be straightforwardly verified that we have

β p L < k 1-F q * 1p < β p H .
Proposition 1. In this case of ex ante heterogeneity on quitting probability, redistributing unemployment benefit from the old to the young workers will have the following impacts:

(1) type L workers' welfare increases; (2) type H workers' welfare decreases when α is sufficiently low, and increases when α is sufficiently high; (3) the aggregate welfare always increases.

Proof. [START_REF] Acemoglu | Efficient unemployment insurance[END_REF]. By Envelope Theorem, the increase of first-period z brings type L welfare gain by an amount of △ AI L,gain = (1 -F (q * L )) × u ′ (z) × kdz. At the same time, the decrease of second-period z brings type L welfare loss by an amount of

△ AI L,loss = β p L (1 -F (q * L )) 1 -F q * 1p × u ′ (z) × dz. So that Sign △ AI L,gain -△ AI L,loss = Sign k -β p L × 1 -F q * 1p
The difference is positive because β p L 1 -F q * 1p < k. This leads us to conclude that there is welfare gain for the type L workers by this redistribution.

58 Age-directed Policy in Competitive Search Equilibrium under Asymmetric Information [START_REF] Acemoglu | Holdups and efficiency with search frictions[END_REF]. The increase of first-period unemployment benefit raises type H's welfare by

△ AI H,gain = 1 -F q AI H × u ′ (z) × kdz +δ (1 -F (q * L )) -1 -F q AI H × u ′ (z) × kdz
where δ is the Lagrangian multiplier of the incentive constraint. 5 Notice that the second term is always greater than zero, because F (q) is a decreasing function and q * L > q AI H . At the same time, the decrease of second-period z brings type H welfare loss by an amount

△ AI H,loss = β p H 1 -F q AI H 1 -F q * 1p × u ′ (z) dz +δ β p L (1 -F (q * L )) 1 -F q * 1p -1 -F q AI H 1 -F q * 1p × u ′ (z) dz
The second term in this expression is also greater than zero for the same reason just mentioned. The first term in △ AI H,gain is smaller than the first term in △ AI H,loss , because of the inequality k < β p H 1 -F q * 1p . The second term in △ AI H,gain is greater than the second term in △ AI H,loss , because of the inequality β p L 1 -F q * 1p < k. At this stage, it is still ambiguous whether it is the gain or loss that dominates. We then make the difference △ AI H,gain -△ AI H,loss , and notice that according to the definition of k we are able to reduce it to the following comparison:

Sign △ AI H,gain -△ AI H,loss = Sign   1 -F q AI H × k -β p H 1 -F q * 1p +δ F q AI H -F (q * L ) × k -β p L 1 -F q * 1p   = Sign -1 -F q AI H × (1 -α) (1 -F (q * L )) +δ F q AI H -F (q * L ) × (α) 1 -F q AI H
Then when α → 1, that is, the fraction of type H is high, there will be welfare gain for the type H workers; when α → 0, there is welfare loss for the type H workers.

(3). Concerning the variation of the overall welfare, we have

α × △ AI H,gain -△ AI H,loss + (1 -α) × △ AI L,gain -△ AI L,loss = αδ (1 -F (q * L )) -1 -F q AI H × k -β p L 1 -F q * 1p × u ′ (z) dz
So that 5 Bi and Langot (2015) show that 0 < δ < 1.
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Sign α × △ AI H,gain -△ AI H,loss + (1 -α) × △ AI L,gain -△ AI L,loss = Sign        αδ (1 -F (q * L )) -1 -F q AI H >0 × k -β p L 1 -F q * 1p >0        = +
Then the aggregate welfare increases. At last, we remark that both the direction of type L's welfare variation and the aggregate welfare variation are dependent upon the sign of

k -β p L 1 -F q * 1p . Q.E.D.
This proposition shows that if the "distance to retirement" is measured by an exogenous probability of remaining participative (private information), then the type L workers are always the net beneficiary and such a transfer always improves the aggregate welfare; however, the type H workers may lose or gain depending on effects along two dimensions:

(1) informational externality, and (2) intensity of cross-subsidization.

By informational externality, we mean that such a transfer of unemployment benefit can relax the informational constraint. To see this, we focus on the incentive constraint: F (q H ) [u (w H,1 ) + β p L u (w H,2 )] + (1 -F (q H )) u (z 1 ) + β p L U 1p ≤ U L . A transfer of unemployment benefit from the old to the young will increase the left-hand side by an amount

1 -F q AI H k -β p L 1 -F q * 1p u ′ (z) dz.
At the same time, such a redistribution also increases by an amount (1 -

F (q * L )) k -β p L 1 -F q * 1p u ′ ( 
z) dz at the right-hand side. Since [START_REF] Bi | Dynamic contracts in search equilibrium under asymmetric information[END_REF] show that "q AI H < q FI L and F (q) is a decreasing function", the right-hand side increases faster than the left-hand side, which implies that the information constraint is easier to be satisfied. This suggests that type L workers become comparatively less willing to misrepresent their type. And we notice in the end of proof Proposition 1 that the aggregate welfare is enhanced, and the magnitude of that enhancement is solely related to the information gain which has δ as a multiplier.

We now turn to cross-subsidization. There is heterogeneity in the population: type L and type H. On one hand, the fact that unemployed type H workers have higher probability (p H ) of remaining in the market tomorrow leads them to be sampled more frequently by the planner for the collection of unemployment benefit as a source of redistribution. On the other hand, the fact that they are matched more often in the first period suggests that they are less likely to be unemployed in the first period and hence less likely to benefit from any transfer. A decrease of value dz then will be more likely to be redistributed to the type L workerstype H will cross-subsidize type L. Then pure cross-subsidization represents a welfare loss to type H workers, albeit relaxed information constraint tends to raise their welfare. When the fraction α of type H workers is sufficiently low, it implies that a small fraction of type H will cross-subsidize a large fraction of type L. Then the gain from reduction of information externality (captured by the term with δ ) is insufficient compared to the excessive loss from cross-subsidization 6 , type H workers are subsequently worse off. On the other hand, if the fraction α of type H workers is sufficiently high, a large fraction of type H will take care of a small fraction of type L. Then the loss from cross-subsidization is dominated by the information gain, so that there is welfare gain for type H.

Endogenous participation choice before search and agespecific UB

In the previous section, workers' premature quit is governed by an exogenous staying probability p type . However, to stay in the market for longer or shorter periods is often an idiosyncratic decision. Bi and Langot (2015) make a simple modification to the previous model to enable the possibility that workers make ex ante decisions on submarkets (distinguished by employment horizon) choice, so that the adjustments through the extensive margin become possible. [START_REF] Bi | Dynamic contracts in search equilibrium under asymmetric information[END_REF] show that distortion induced by self-selection process can dampen the participation incentive of workers with lower value of leisure. In this section, we wish to examine the effectiveness of age-specific unemployment benefits under such a context.

Equilibrium

The submarket choice is endogenous in the following sense: each agent receives an idiosyncratic signal (private information) at the ex ante stage on her home production value (denoted h) for the second period. Given this individual characteristic, she chooses ex ante to join the two-period or the one-period submarket. According to [START_REF] Bi | Dynamic contracts in search equilibrium under asymmetric information[END_REF], the two submarkets are separated by one threshold ĥ. For values of h below ĥ, the worker chooses to join the two-period submarket: she will then quit with probability 0, and this worker will be categorized as type H. Otherwise, the employment relationship is only of one period, and the worker will be categorized as type L. Formally, if h is a continuous variable from a distribution G (h) over the support h, h , we establish that (i) among the pool of type L workers, there is no information problem; (ii) among the pool of type H workers, there is also no information problem; (iii) Type L workers will misrepresent their types as type H workers. The threshold ĥ is determined by comparing the expected utility from joining each submarket. With full information, this threshold is determined by

U FI L ĥFI = U FI H ĥFI ,
and with asymmetric information, it is determined by U L ĥAI = U AI H ĥAI . We derive both situations and make comparisons.

The maximization problem for the firms in the two-period submarket is:

U AI H (h H , z 1 , z 2 ) = max q,w H,1 ,w H,2 F (q H ) [u (w H,1 ) + β u (w H,2 )] + (1 -F (q H )) u (z 1 ) + β max u (h H ) ,U 1p (h H , z 2 ) s.t. H (q H ) [y -w H,1 + β (y -w H,2 )] = C IC constraint F (q H ) [u (w H,1 )] + (1 -F (q H )) [u (z 1 )] + β u (h L ) ≤ U * L
where the solution for the contract posted by firms that target one-period workers is given by

U * L (h L , z 1 ) = max q,w L {F (q) u (w L ) + (1 -F (q)) u (z 1 ) + β u (h L )} s.t. H (q) [y -w L ] = C
Finally, the optimal contract posted by firms which target workers that prefer to search for a job at the second period is a solution to the following problem:

U 1p (h H , z 2 ) = max q,w {F (q) u (w) + (1 -F (q)) [u (h H ) + u (z 2 )]} s.t. H (q) [y -w] = C
The optimal contract is such that (i) the wages satisfy w AI H,1 < w FI H < w AI H,2 , (ii) the queue lengths are such that q FI H < q AI H < q * L = q FI L , and (iii) the submarket choice leads to a threshold ĥAI < ĥFI . With asymmetric information, firms in the two-period market must discourage the type L workers from misrepresenting their types, and again type L workers receive information rent. Distorted allocation for type H decreases their expected utility, leading some of them to choose non-participation. Hence when ex ante decision on participation is allowed, the distorted contracts lower the aggregate labor supply in the presence of asymmetric information.

As previously, the policy consists of front-loading redistributing unemployment benefit by age through increasing the first-period z by an amount dz, and decreasing the second-period z by dz. The government will expect to gather money from the following fraction of the old:

G ĥi × β 1 -F q i H 1 -F q * 1p (2.3)
where G h i is the fraction of type H workers who remain in the labor market tomorrow, and i ∈ {AI, FI}. At the same time, the government will expect to redistribute to the following fraction of current generation who suffers from unemployment:

G ĥi × 1 -F q i H + 1 -G h i × 1 -F q i L (2.4)
The expected fraction of workers who receive the first-period u (z 1 ) are those who are not able to find a job in the first period, and this fraction consists of 1 -F q i H for type H, and 1 -F q i L for type L. The expected fraction of workers who receive the second-period

u (z 2 ) consists of β 1 -F q i H 1 -F q * 1p
for type H, and there are no type L workers who are in the market tomorrow. Now to keep the budget balanced, every unit of decrease of old generation's unemployment benefit dz should be translated to

k ≡ G ĥi × β 1 -F q i H 1 -F q * 1p G ĥi × 1 -F q i H + 1 -G ĥi × 1 -F q i L × dz
unit of utility gain for the young generation regardless of the type. Such a type-independent transfer is justified by the fact that the planner has also no information on the agents' types.

It could be straightforwardly verified that we have

k 1-F q * 1p < β . Proposition 2.
(1) Front-loading redistribution of unemployment benefit by age has the same impact on welfare as summarized in Proposition 1.

(2) After redistribution, the participation margin for both full information ( ĥFI ) and asymmetric information ( ĥAI ) decrease.

Proof. We start by [START_REF] Acemoglu | Efficient unemployment insurance[END_REF]. By Envelope Theorem, the increase of first-period z brings type L workers welfare gain by an amount of △ i L,gain = 1 -F q i L × u ′ (z) × kdz. At the same time, the decrease of second-period z does not concern type L workers. Then there is net welfare gain for the type L workers by this unemployment insurance redistribution. Now we turn to type H workers.

This increase of first-period unemployment benefit raises type H workers' welfare by

△ i H,gain = 1 -F q i H × u ′ (z) × kdz +δ 1 -F q i L -1 -F q i H × u ′ (z) × kdz
where δ < 1 is the Lagrangian multiplier of the incentive constraint. Notice that the second term is always greater than zero. At the same time, the decrease of second-period z brings type H workers welfare loss by an amount

△ i H,loss = β 1 -F q i H 1 -F q * 1p × u ′ (z) dz
The first term in △ i H,gain is smaller than the first term in △ i H,loss , because of the inequality k 1-F q * 1p < β . The second term in △ i H,gain is strictly greater than zero. At this stage, it is still ambiguous whether it is the gain or loss that dominates. We then make the difference △ i H,gain -△ i H,loss , and notice that according to the definition of k we are able to reduce it to the following comparison:

Sign △ i H,gain -△ i H,loss = Sign -1 -G ĥi 1 -F q i L +δ F q i H -F q i L × G ĥi
Again, when G h i is such that the fraction of type H is high, there will be welfare gain for the type H workers; when G h i is such that the fraction of type H is low, there will be welfare loss for the type H workers.

Concerning the variation of the aggregate welfare, we have

G ĥi × △ i H,gain -△ i H,loss + 1 -G ĥi × △ i L,gain -△ i L,loss = δ 1 -F q i L -1 -F q i H × kG ĥi × u ′ (z) dz > 0
Then the aggregate welfare increases after redistribution. Thus we obtain similar result as before, except that now the fraction is no longer α, but is G ĥi which depends on the distribution function G (.) and ĥi , the value of which is determined in the equilibrium.

We now investigate (2): how this front-loading redistribution of unemployment benefit by age has impact on ĥ which is determined by the indifference condition U L ĥFI = U FI H ĥFI for the case of full information and U L ĥAI = U AI H ĥAI for the case of asymmetric informa-tion. We start with the case of full information. We established above that U FI L increases but U FI H decreases due to intergenerational redistribution of z. Then given that both U FI L and U FI H are increasing function of h by Envelope Theorem, ĥFI must fall after the intergenerational transfer takes place to make the equality stay binding. In case of asymmetric information, although depending on the value of G ĥi the value of U AI H may increase, it can be straightforwardly checked that △ AI H,gain -△ AI H,loss < △ AI L,gain -△ AI L,loss , which says that the increase of U FI L is more important compared to increase of U AI H , so that again ĥAI must fall to make the equality stay binding after the intergenerational transfer takes place. Q.E.D. This proposition suggests that there is always aggregate welfare gain from this redistribution, however, the threshold ĥ is downwards distorted: there are more workers who become reluctant to choose long-horizon employment relationship in the two-period submarket, and are willing to switch to the one-period market. We suggest that this situation implies potential loss in the (economy-wide) aggregate output (the sum of aggregate output in the second-period and one-period submarket). To proceed heuristically our argument, we follow literature to propose the measure for the expected aggregate output in the respective submarket as "expected number of formed matches" 7 times "the ex post output" (y for the one-period and (1 + β ) y for the two-period market). Given this measure, when workers switch from two-period to one-period submarket, there is a discrete drop on the ex post surplus from (1 + β ) y to y, the magnitude of which depends on β ; At the same time if the decrease of "expected number of matches" in second-period submarket is not too small compared to the increase of "expected number of matches" in the one-period submarket, then in total the reduction of output in the former is more important compared to corresponding gain in the latter -there is hence economy-wide aggregate output loss. 7 The "expected number of matches" is also called a matching function m (N, M), which depends on the number of unemployed seekers for job (of number N) and number of vacant firms (of number M), is increasing in both argument, and homogenous in degree 1. In our context, with q = N M , we have H (q) = m(N,M) M = m N M , 1 , and F (q) = m(N,M) N . Recall that N is exogenous and M endogenously determined by free entry -zero profit. We refer readers to p392 of the survey provided by [START_REF] Petrongolo | Looking into the black box: A survey of the matching function[END_REF] for more details on matching functions.
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The model

In this section, we consider the situation where ex ante identical workers become informed about their private value of home production only after getting matched, and such a shock takes place at the end of the first period during this employment relationship. Depending on the realization of this home production level, the worker decides to stay for another period or to quit the labor market early (without paying any compensation to the firm). We assume that workers' private information on the home production shock h is drawn randomly from a cumulative distribution function G (h), with the support h, h . When the value of h is high, workers are better off quitting the job to enjoy it. Thus the firm's problem is to propose a wage contract that (i) guarantees participation (Individual Rationality or I.R.), and (ii) makes sure that workers reveal truthfully their realisation of h (Incentive Compatibility or I.C.). By standard mechanism design approach, Bi and Langot (2015) reduce the firm's maximization program to the following one:

U AI = max w 1 (h),w 2 (h),e(h),q F (q) × u (w 1 ) + β h h e (h) u (w 2 (h)) + (1 -e (h)) u (h) dG (h) + (1 -F (q)) u (z) + β h h max U 1p (h, z) , u (h) dG (h) s.to resource constraint F (q) h h [y -w 1 + β e (h) × (y -w 2 )] dG (h) -1 q K = 0 and I.C. + I.R. h h e (h) u (w 2 ) -u (h) -G(h) g(h) u ′ (h) dG (h) ≥ 0
In this program, e (h) ∈ {0, 1} will stand for the probability with which the firm decides to retain the workers, and we have

U 1p (h, z) = max w F q 1p u w 1p + 1 -F q 1p [u (h) + u (z)] s.to H q 1p y -w 1p ≥ C
Also notice that we assume the utility between the home production h and unemployment benefit to be separable: that is u (h + z) = u (h) + u (z). Bi and Langot (2015) characterized the equilibrium properties as follows: (i) the wage profile is such that w AI 1 < w AI 2 < w FI , (ii) the optimal queue length is such that q AI > q FI , (iii) the quitting threshold is such that ĥAI < ĥFI . Although the first best (full information) allocation can not be achieved, the constrained efficiency can be obtained. That social planner will maximize the workers' expected utility from search subject to the following constraints: (1) the resource constraint which stipulates that the expected aggregate consumption should not surpass the expected aggregate output; (2) the individual rationality constraint which requires that the workers should have incentive to participate and search for the job; (3) given that z is fixed and can not be redistributed (Guerreri (2008) terms it nontransferrable), the consumption for unemployment workers should be at least as great as z: that is to say, Z u ≤ z.

Redistribution by age.

It is straightforward to observe that since the unemployment benefit z does not enter into the information constraint, there is no welfare gain in the first order from a smaller amount of redistribution. We now show that in case the workers who quit prematurely have the right to claim for the unemployment benefit, there is still welfare improvement from front-loading unemployment benefit. Such a redistribution also raises the participation margin. Proposition 3. In the case of ex post heterogeneity, redistributing unemployment benefit by age relaxes information constraint.

Proof. The result that such a transfer brings the improvement of welfare is actually quite natural, because in the current context, there is no effect from cross-subsidization, and such a transfer simply relaxes the information constraint, and thus brings improvement to the welfare. To see this, we consider the following program where we distinguish the first-period unemployment benefit by denoting it z 1 and the second-period unemployment benefit by labeling it as z 2 .

U AI (z 1, z 2 ) = max w 1 (h),w 2 (h),e(h),q F (q) h h u (w 1 ) + β e (h) u (w 2 (h)) + (1 -e (h)) [u (h) + u (z 2 )] dG (h) + (1 -F (q)) u (z 1 ) + β h h max U 1p (h, z 2 ) , u (h) dG (h) s.to Resource F (q) h h [y -w 1 + β e (h) × (y -w 2 )] dG (h) -1 q K = 0 and Information h h e (h) u (w 2 ) -u (h) -u (z 2 ) -G(h) g(h) u ′ (h) dG (h) ≥ 0
By Envelope Theorem, an increase of dz for the young workers will bring a welfare gain of the level A1

1 -F q AI u ′ (z) × kdz
At the same time, a decrease of dz for the old workers (at the second period of the lifetime) will bring a welfare loss of the magnitude 2.5 Discussion on the robustness of the results
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A2 β F q AI 1 -G ĥAI × u ′ (z) dz +      β 1 -F q AI h h [e I (h) (1 -F (q I )) + (1 -e I (h))] dG (h) A3 -δ × G ĥAI A4      × u ′ (z) dz
where e I (h) determines the threshold captured by max U 1p (h, z) , u (h) . Analogous as before, k is defined such that the we have budget balance, that is to say, A1 × k = A2 + A3 -A4.Given such a relationship, the aggregation of the above gain and loss becomes A1× k -(A2 + A3 -A4) = A4 > 0 = δ ×G ĥAI II . Thus, we have shown that such a transfer has a first order effect on the improvement of welfare, and such an improvement comes solely from the reduction of information externality. [START_REF] Bi | Dynamic contracts in search equilibrium under asymmetric information[END_REF] suggest that δ depends negatively on ĥAI . When information constraint is relaxed, δ becomes smaller, so that the value of ĥAI naturally increases towards ĥFI . Q.E.D.

We should make some comparisons between the current context and the previous contexts. The first difference between the current context with ex post heterogeneity and the previous contexts with ex ante heterogeneity is the absence of cross-subsidization. If there were cross-subsidization, some types necessarily benefit more than average and some benefit less than average, and the low types always gain due to cross-subsidization from the high types. Improving the low type's welfare makes them less willing to misrepresent their type, so that there is welfare improvement. The second difference comes from the comparison between the current context and that of ex ante heterogeneity with submarket choice. With ex ante heterogeneity, such a transfer by age always further distorts the participation margin downwards due to the faster increase of welfare of the low type, this has potentially negative effect on the aggregate output. However, with ex post heterogeneity, such a transfer has an effect of increasing the participation margin which positively affects the aggregate output. This is because reducing second-period unemployment benefit makes quitting a less attractive option. Apart from the above two main differences, all the above contexts predict that such redistributive transfer by age reduces the information rent.

Discussion on the robustness of the results

In the previous two-period contexts, the main reason for overall welfare improvement is that whenever we front-load UB from the second to the first period, the incentive constraint is relaxed. At the same time, type L workers benefit from cross-subsidization so that their welfare is always raised. In this section, we move to a three-period extension of the benchmark proposed in the discussion section of [START_REF] Bi | Dynamic contracts in search equilibrium under asymmetric information[END_REF]. 8 We examine whether the results achieved in the previous section can carry through. In the following, the notations "l", "m", and "s" will represent respectively Long-term, Middle-term, Short-term employment relationship. The superscript "AI" will be given to the programs with incentive constraints. The solution of the program without information constraints will be labeled by the superscript " * ". [START_REF] Bi | Dynamic contracts in search equilibrium under asymmetric information[END_REF] suggest that the results on equilibrium allocations of the benchmark could be carried through. The program is

U AI l,1 (H) = max w l,1 ,w l,2 ,w l,3 ,q l,1 F q l,1 u w l,1 + β p H u w l,2 + β p H u w l,3 + 1 -F q l,1 u (z 1 ) + β p H U AI l,2 (H) + β (1 -p H ) × β p H U * l,3 s.to H q l,1 y -w l,1 + β p H y -w l,2 + β 2 p 2 H y -w l,3 = C F q l,1 u w l,1 + β p L u w l,2 + β p L u w l,3 + 1 -F q l,1 u (z 1 ) + β p L U * l,2 (L) + β (1 -p L ) × β p L U * l,3 ≤ U * l,1 (L)
It is important to notice that there is a particular term in the program:

β (1 -p t ) × β p t U * l,3
where t ∈ {L, H}. This term comes from the fact that the workers who are inactive at the second period (captured by β (1p t )) could be again active in the market at the third period (captured by β p t ). The presence of this term renders our analysis of individual type's welfare ambiguous, hence we will put focus on the aggregate welfare, and will suggest in the Appendix to which extent this term modifies the result. To proceed, there are three situations to distinguish according to the source and the destination of the redistribution. In the first situation (Situation 1), we front-load unemployment benefit from the third to the second period; In the second situation (Situation 2), the transfer is from the third to the first period; In the third situation (Situation 3), it is from the second to the first period.

Proposition 4.

(1) In Situation 1, the aggregate welfare always improves after front-loading unemployment benefit.

(2) In Situation 2 and Situation 3, a sufficient condition for the aggregate welfare to improve is p × 1 -F q * m,1 (p) being increasing in p. Proof. In the Appendix.

In Appendix, it is shown that the (1p) × p effect makes the above result on aggregate welfare gain stronger, because this effect brings additional source for the funding. Absent this effect, we find that the welfare variation depends crucially on the comparison between p H 1 -F q AI m,1 (H) and p L 1 -F q * m,1 (L) as shown in the proof, and this comparison is involved in Situation 2 and Situation 3. In Situation 3, it is related because the asymmetric information on p for the third period distorts the matching probability for the second period; and the relevant comparison is on β p H 1 -F q AI m,1 (H) and

β p L 1 -F q * m,1 (L) . In Situation 2, this comparison becomes β p H 1 -F q AI m,1 (H) × β p H 1 -F q * 1p and β p L 1 -F q * m,1 (L) × β p L 1 -F q * 1p
, simply because the distortion for the second third period is accumulated to the third period. And it is intuitive that in Situation 1, the comparison rests on β p H 1 -F q * 1p and β p L 1 -F q * 1p , which renders no ambiguity. On one hand, p H > p L : type H workers have higher probability of remaining in the market; on the other hand, 1 -F q AI m,1 (H) < 1 -F q * m,1 (L) : it is less probable that type H become unemployed; the comparison between p H 1 -F q AI m,1 (H) and p L 1 -F q * m,1 (L) is hence ambiguous. At the same time, according to Envelope Theorem, these expressions also correspond respectively to

dU AI m,1 (H) dU 1p
and

dU m,1 (L)
dU 1p , which represent the marginal gain from one unit of increase of the value U 1p related to another possibility of search in the subsequent period respectively for type H and type L. Since 1 -F q AI m,1 (H) > 1 -F q * m,1 (H) , our assumption that "p × 1 -F q * m,1 (p) being increasing in p" hence requires that in case of full information a unit increase of U 1p is always more valuable for the type H workers. Then conversely, a unit decrease of U 1p costs for type H workers more compared to type L, hence cross-subsidization has a direction from type H towards type L. Based on these descriptions, we think this is a strong assumption.

Conclusion

In this paper, we analyze the welfare impact of front-loading unemployment benefit by age redistributively. In the two-period benchmark, we find that there is always aggregate welfare gain from redistribution and the type L workers always benefit from cross-subsidization. We then allow the workers to choose their horizon. Indeed, when the information is realized before search, this transfer triggers comparatively larger welfare improvement for the potential one-period workers, which hence lowers the participation margin, and in turn may bring down aggregate output; in contrast, when the participation shock is realized after matching, this redistribution always increases participation margin and the aggregate output. We also check the robustness of the benchmark in the three-period setup, and argue that the aggregate welfare gain could be achieved under a fairly strong condition. (1) In Situation 1, the aggregate welfare always improves after front-loading unemployment benefit.

Appendix

(2) In Situation 2 and Situation 3, a sufficient condition for the aggregate welfare to improve is p × 1 -F q * m,1 (p) being increasing in p. Proof. We start by Situation 1: Front-loading unemployment benefit from the third to the second period. The fraction of third-period type H workers who receive unemployment benefit is

α ×    1 -F q AI l,1 (H) × β p H × 1 -F q AI m,1 (H) × β p H 1 -F q * s,1 + β p H × β (1 -p H ) 1 -F q * s,1   
The fraction of third-period type L workers who receive unemployment benefit is

(1 -α) ×    1 -F q * l,1 (L) × β p L × 1 -F q * m,1 (L) × β p L 1 -F q * s,1 + β p L × β (1 -p L ) 1 -F q * s,1   
The fraction of second-period type H workers who receive unemployment benefit is

α 1 -F q AI l,1 (H) × β p H × 1 -F q AI m,1 (H)
The fraction of second-period type L workers who receive unemployment benefit is

(1 -α) 1 -F q * l,1 (L) × β p L × 1 -F q * m,1 (L)
To keep budget balanced, every unit of third period unemployment benefit is translated to k 32 unit for the second period unemployed. So that we have

k 32 =        α × β p H 1 -F q * s,1 β p H × 1 -F q AI l,1 (H) 1 -F q AI m,1 (H) + β (1 -p H ) (1 -α) × β p L 1 -F q * s,1 β p L × 1 -F q * l,1 (L) 1 -F q * m,1 (L) + β (1 -p L )     α 1 -F q AI l,1 (H) × β p H × 1 -F q AI m,1 (H) + (1 -α) 1 -F q * l,1 (L) × β p L × 1 -F q * m,1 (L)    
The next step is to determine how does such a redistribution of a small magnitude dz alternate the welfare of type L workers, that is, we should find the value of △ AI L,gain,32 -△ AI L,loss,32 . We have

△ AI L,gain,32 -△ AI L,loss,32 = β p L 1 -F q * l,1 (L) 1 -F q * m,1 (L) × k 32 -1 -F q * s,1 β p L + β (1 -p L ) 1 1-F q * l,1 (L) (1-F(q * m,1 (L))) × u ′ (z) dz

So that

Sign △ AI L,gain,32 -△ AI L,loss,32

= Sign k 32 -1 -F q * s,1 β p L + β (1 -p L ) 1 1-F q * l,1 (L) (1-F(q * m,1 (L))) = Sign            1 -F q * s,1 β p H + β (1 -p H ) 1 1-F q AI l,1 (H) (1-F(q AI m,1 (H))) - 1 -F q * s,1 β p L + β (1 -p L ) 1 1-F q * l,1 (L) (1-F(q * m,1 (L)))           
This term is ambiguous because of the (1p) p effect. Although p H > p L , the comparison between

β (1-p H ) 1-F q AI l,1 (H) (1-F(q AI m,1 (H)))
and

β (1-p L ) 1-F q * l,1 (L) (1-F(q * m,1 (L))) is ambigu- ous. On one hand (1 -p H ) < (1 -p L ), on the other hand, 1 1-F q AI l,1 (H) (1-F(q AI m,1 (H))) > 1 1-F q * l,1 (L) (1-F(q * m,1 (L)))
, because q AI l,1 (H) < q * l,1 (L) and q AI m,1 (H) < q * m,1 (L) from [START_REF] Bi | Dynamic contracts in search equilibrium under asymmetric information[END_REF]. The (1p) p effect is related to the terms with (1p t ) in the expression. So that the presence of this (1p) p effect could either make cross-subsidization for type L better or worse. Now we turn to the overall welfare, the improvement of which is measured by

dW 32 = α × △ AI H,gain,32 -△ AI H,loss,32 + (1 -α) × △ AI L,gain,32 -△ AI L,loss,32
It is straightforward to show that the resulting expression is only involved with the terms associated with the Lagrangian multiplier of the information constraint:

dW 32 = α × △ AI H,gain,32 -△ AI H,loss,32 + (1 -α) × △ AI L,gain,32 -△ AI L,loss,32 = α × δ l ×                +   β p L × 1 -F q * l,1 (L) 1 -F q * m,1 (L) × k 32 -β p L 1 -F q * s,1 × 1   -   β p L × 1 -F q AI l,1 (H) 1 -F q * m,1 (L) × k 32 -β p L 1 -F q * s,1 × 1                  × u ′ (z) dz 2.7 Appendix 73 Then Sign {dW 32 } = Sign k 32 -β p L 1 -F q * s,1
. When the effect of (1p) p is absent, it could be shown that Sign {dW 32 } is always positive. When the effect of (1p) p is present, the value of k 32 is larger, so that there is always aggregate welfare gain in Situation 1.

We now treat Situation 2: Front-loading unemployment benefit from the third period to the first period. The fraction of first-period type H workers who receive unemployment benefit is

α 1 -F q AI l,1 (H)
The fraction of first-period type L workers who receive unemployment benefit is

(1 -α) 1 -F q * l,1 (L)
Budget balance requires that every unit of third period unemployment benefit is translated to k 31 unit for the first period unemployed:

k 31 =        α × β p H 1 -F q * s,1 β p H × 1 -F q AI l,1 (H) 1 -F q AI m,1 (H) + β (1 -p H ) (1 -α) × β p L 1 -F q * s,1 β p L × 1 -F q * l,1 (L) 1 -F q * m,1 (L) + β (1 -p L )     α 1 -F q AI l,1 (H) + (1 -α) 1 -F q * l,1 (L)    
The next step is to determine how does such a redistribution alternate the welfare of type L workers, that is, we should find the value of △ AI L,gain,31 -△ AI L,loss,31 . We have

△ AI L,gain,31 -△ AI L,loss,31 = 1 -F q * l,1 (L) × k 31 -β p L 1 -F q * s,1 β p L 1 -F q * m,1 (L) + β (1 -p L ) 1 1-F q * l,1 (L)
Rearranging, we obtain Sign △ AI L,gain,31 -△ AI L,loss,31

= Sign            β p H 1 -F q * s,1 β p H 1 -F q AI m,1 (H) + β (1 -p H ) 1 1-F q AI l,1 (H) - β p L 1 -F q * s,1 β p L 1 -F q * m,1 (L) + β (1 -p L ) 1 1-F q * l,1 (L)           
74 Age-directed Policy in Competitive Search Equilibrium under Asymmetric Information Under the condition p 1 -F q * m,1 (p) being increasing in p, we have p [START_REF] Bi | Dynamic contracts in search equilibrium under asymmetric information[END_REF], q AI m,1 (H) > q * m,1 (H), so that

H 1 -F q * m,1 (p H ) > p L 1 -F q * m,1 (p L ) . According to
β p H 1 -F q AI m,1 (H) > β p H 1 -F q * m,1 (H) as F (.) is a decreasing function. So we have β p H 1 -F q AI m,1 (H) > β p L 1 -F q * m,1 ( 
L) . However, the sign of the expression is still ambiguous because of the (1p) p effect: the comparison between

(1 -p H ) 1 1-F q AI l,1 (H)
and (1p L )

1 1-F q * l,1 (L)
is ambiguous. On one hand (1p H ) <

(1p L ), on the other hand,

1 1-F q AI l,1 (H) > 1 1-F q * l,1 (L) 
. The (1p) p effect is related to the terms with (1p t ) in the expression. So that the presence of this (1p) p effect could again either make cross-subsidization for type L better or worse.

It is straightforward to find that the aggregate welfare improvement is measured by

dW 31 = α × △ AI H,gain,31 -△ AI H,loss,31 + (1 -α) × △ AI L,gain,31 -△ AI L,loss,31 = α × δ l ×    1 -F q * l,1 (L) -1 -F q AI l,1 (H) × k 31 -β p L × 1 -F q * m,1 (L) β p L 1 -F q * s,1    × u ′ (z) dz
According to Bi and Langot (2015), we have 1

-F q * l,1 (L) -1 -F q AI l,1 (H) > 0, so Sign {dW 31 } = Sign k 31 -β p L × β p L 1 -F q * m,1 (L) 1 -F q * s,1
When the effect of (1p) p is absent, it could be shown that Sign

{dW 31 } = Sign    β 2 p 2 H 1 -F q AI m,1 (H) -β 2 p 2 L 1 -F q * m,1 (L)
which is always positive under our condition that p 1 -F q * m,1 (p) being increasing in p. When the effect of (1p) p is present, the value of k 31 is again larger.

We now turn to Situation 3: Front-loading unemployment benefit from the second period to the first period. Define k 21 such that every unit of third period unemployment benefit is equivalently redistributed as k 21 unit to the second period unemployed. We have

k 21 = α(1-F(q AI l,1 (H)))×β p H ×(1-F(q AI m,1 (H)))+(1-α)(1-F(q * l,1 (L)))×β p L ×(1-F(q * m,1 (L))) α 1-F q AI l,1 (H) +(1-α) 1-F q * l,1 (L)
The next step is to determine how does such a redistribution of a small magnitude dz alternate the welfare of type L workers, that is, we should find the value of △ AI L,gain,21 -△ AI L,loss,21 . We have 2.7 Appendix

75 △ AI L,gain,21 -△ AI L,loss,21 = 1 -F q * l,1 (L) × k 21 × u ′ (z) dz -β p L × 1 -F q * l,1 (L) 1 -F q * m,1 (L) × 1 × u ′ (z) dz = 1 -F q * l,1 (L) k 21 -β p L 1 -F q * m,1 (L) So that Sign △ AI L,gain,21 -△ AI L,loss,21 = Sign k 21 -β p L 1 -F q * m,1 (L) = Sign β p H 1 -F q AI m,1 (H) -β p L 1 -F q * m,1 (L)
Under our condition, it is always greater than zero. The (1p) p effect is absent here. The aggregate welfare is measured by

dW 21 = α × △ AI H,gain,21 -△ AI H,loss,21 + (1 -α) × △ AI L,gain,21 -△ AI L,loss,21
After calculation, we have

dW 21 = α × △ AI H,gain,21 -△ AI H,loss,21 + (1 -α) × △ AI L,gain,21 -△ AI L,loss,21 = αδ l ×   1 -F q * l,1 (L) -1 -F q AI l,1 (H) × k 21 -β p L × 1 -F q * m,1 (L)   × u ′ (z) dz

And so

Sign

{dW 21 } = Sign k 21 -β p L × 1 -F q * m,1 (L) = Sign β p H 1 -F q AI m,1 (H) -β p L 1 -F q * m,1 (L)
which is always positive under our condition. Q.E.D.
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Abstract

A holdup problem on workers' skill investment can arise when employers adopt discriminatory hiring norm to extract higher than socially optimal profit. When hiring priority is determined by both productivity-dependent (skill level) and -independent characteristics (discrimination), skill investment decision becomes strategic between the discriminated and favored group. We consider frictional markets with either posted or bargained wage (fixed sharing rule). With posted wage, depending on market tightness there may be equilibrium or multiple equilibria on skill investment. With discriminatory hiring, if in equilibrium both groups stay high skilled, both are worse off and firms better off; In any equilibrium where one group underinvest, the other group remain high skilled and are better off, while firms are worse off with discrimination. With bargained wage, similar equilibrium where the favored group underinvest exists, and firms incur cost for an intermediate range of bargaining power when they discriminate.

Keywords: Discrimination; Directed Search; Pre-matching Investment JEL classification: J7, J42

Introduction

A holdup problem arises when some investment is sunk ex ante by one party, and the payoff is shared with that one party's trading partner. Since cost has no other use once sunk, that trading partner will have every incentive to squeeze the profit at the ex post stage. In an important study on such a problem in a labor market with search friction, [START_REF] Acemoglu | Holdups and efficiency with search frictions[END_REF] show that with firms' sinking capital and ex post wage bargaining, the equilibrium is always inefficient, since wages paid ex post can be so high such that firms' ex ante incentive of investment is harmed; while if firms are able to post wages to direct workers' search, then the holdup problem to firms' investment no longer appears; the efficiency can be achieved, because wage posting allows workers to observe offers and choose where to apply, and it induces workers to optimize their expected payoff from application by making trade-off between every wage they observe and the probability of obtaining it. Within conventional wage posting framework, we spot another source of inefficiency in a holdup problem where workers sink skill investment cost: when the market is crowded for the firms, by adopting a discriminatory hiring norm firms are able to expropriate higher than socially optimal level of profit, and this has the consequence of discouraging the investment incentives for both the favored and discriminated groups. We analyze the impact of such rent seeking behavior of firms on the structure of market segmentation, and on the workers' skill investment incentives.

When discrimination is absent, the wage posting economy with workers' ex ante skill investment attains efficiency in the equilibria, and we show which equilibrium emerges depends on the rivalry between the log return to skill and the market tightness (workers/firms ratio) which measures the degree of market competition. The fundamental reason behind this efficiency result is that skill achievement is a quality which can be legally written into the wage contracts. It is a different story when other (binary) characteristics which are not closely related to productivity, such as gender, race, height, origin etc. enter also into firms' preference. Under equal pay legislation, posted wages can not be conditioned explicitly on these characteristics; however, if firms still select workers according to their preference on these characteristics, a separating equilibrium can result where separate firms post different levels of wages, and workers of different groups sort themselves and apply to different wages: the market is then endogenously segregated. On the side of firms, they have incentive to adopt such discriminatory hiring norm, when workers' return to skill investment is sufficiently high; in that case discrimination allows them to grasp higher than the socially optimal level of operating profit. On the side of the workers, it proves that both the discriminated group and favored group are worse off: for the former, it is because discrimination discretely reduces the labor market opportunity of these workers, who anticipate discrimination, then demand lower wages, which makes them cheaper to hire; for the latter, it is so because when firms are able to hire the discriminated workers cheaply, it is as if firms enjoy larger "market power", which allows them to suppress further the undiscriminated workers' expected payoff. Naturally, anticipating discrimination, all groups expect lower payoff from search, jeopardizing their skill investment incentives.

A key feature of our study is the multidimensionality of characteristics based on which workers are ranked. On one hand, there is ranking by productivity-dependent type identity: workers are either high skilled (type H) or low skilled (type L); high skilled have priority to low skilled simply because such ranking gives firms higher profit. On the other hand, there is ranking by productivity-independent group identity: workers belong either to the favored (group a) or the discriminated group (group b). The resulting ranking schedule has the following order: aH ≻ bH ≻ aL ≻ bL. It reads: given any skill level, group a are preferred to group b; the high skilled are always preferred to low skilled. Under such an "intertwined" ranking order, the skill investment decision for different groups becomes strategically interdependent. Focusing on Nash pure strategy equilibrium on skill investment, in the wage posting economy, we find that depending on the value of market tightness there can be equilibrium or multiple equilibria on skill investment due to that interdependence. Compared to the case without discrimination, when the market is very crowded (market tightness is small) for the firms, discrimination is profitable for firms and all the workers are worse off; as the tightness further increases, both group can choose low skill and in equilibrium whenever one group underinvest, the other group remain high skilled and are better off, while the firms are worse off with discrimination. In particular, the equilibrium where the favored group underinvest, while the discriminated group choose to remain high skilled exists;And in this case firms' profits drop since workers' underinvestment in skill leads to lower average productivity in the economy compared to the case where discrimination is absent.

In the economy where wages are bargained (determined according to a fixed sharing rule) after matching hence do not direct search, we find similar equilibrium where the favored group underinvest, hence earn lower expected payoff compared to the case without discrimination within a certain region of bargaining power; in such an equilibrium, surplus is transferred from firms and favored group to discriminated group. Firms' profits are piecewise monotone, because increase of workers' bargaining power can increase workers' incentive of skill investment, hence discretely improves the market skill composition and average productivity. We also find that there is an intermediate range of workers' bargaining power for values of which firms are worse off by discriminating, due to discouraged skill investment from discriminated group. All in all, the key difference between wage posting and wage bargaining is that the actual wage now exogenously pegs on the productivity, and firms can no longer manipulate their market power by translating their discriminatory preference into constantly lower wages.

Relation to the literature

Job search process is an important channel through which discrimination keeps functioning in the labor market. Several papers have highlighted the impact of discrimination through job search channel to the wages gaps. To name a few, [START_REF] Pendakur | Glass ceilings or glass doors? wage disparity within and between firms[END_REF] show that the existent glass ceilings for the immigrant and minority workers may be attributed by large measure to their poor access to the jobs in high-wage firms; As well, in an important article from Ritter and Taylor (2011), they show that most of the disparity in unemployment rate could not be explained by cognitive skills that emerge at an early stage, although for wage gap it could be the case. This result concerning the unemployment disparity is confirmed by the finding that this disparity is still significant even for workers of similar skill levels.

Our work is most closely related to the directed search literature 1 . In this literature, search frictions are derived endogenously through agents' sequential strategic interactions. Taking into account strategic interaction allows search externality to be internalized. The resulting economy remains competitive, albeit with a non-Walrasian market structure, and prices play an allocative role to achieve efficiency. To the best of our knowledge, among the discrimination literature with search friction, only two of them are built upon wage posting context. Lang, Manove, and Dickens (2005, hereafter LMD) show that a discriminatory hiring rule could lead to labor market segmentation and significant wage gap with even a negligible difference in productivity; however, the discriminated group turn out to have lower unemployment rate, which is in sharp contrast with evidence. Merlino (2012) aims at improving the result of LMD (2005). He considers further the pre-matching investment from the firms' side, and obtain technology dispersion and realistic unemployment gap. His results rely on the strong assumption that there is more discrimination in the high technology sector, and he is silent on the workers' skill levels. Our paper differs from theirs, in that our focus is to analyze how hiring discrimination could distort workers' skill investment incentives and the structure of market segmentation.

While the setup of wage bargaining (no information of level of wage before matching) is more prevalent, it neglects an important trade-off that the workers make to some extent in their search for jobs: the wage and the probability of obtaining it. This endogenous link between wage and employment probability is especially important, since wages convey information on whether the employers discriminate. Having information of wages available before matching, workers are able to adjust accordingly their search strategy to avoid being discriminated. Workers apply to certain wage only when their expected payoff (wage times the employment probability) from this application attains certain level, and a high wage which attracts also the favored group discretely lowers the probability of employment for the discriminated group to such an extent that the expected payoff for the latter at these high wage firms does not meet the expected market payoff. This setup is supported by [START_REF] Lang | Racial discrimination in the labor market: Theory and empirics[END_REF] and [START_REF] Heckman | Detecting discrimination[END_REF], who mention that workers do not apply randomly and they actually avoid prejudiced employers to some extent, which implies between-group search externality is taken into account by the discriminated workers. Moreover, it is well known that within-group search externality may be prevalent when wages are bargained; while in wage posting context, we are able to abstract from search externality and focus on discrimination. Hall and Krueger (2010) use U.S. data to show that fraction of posted and bargained wages are both around one third. They also document a negative relationship between the education level and precise information concerning the expected pay. Brenzel, Gartner and Shnabel (2013) focus on the employer's side of the study in Germany, and showed that around two thirds of the wages are posted, and the bargained wages are more likely set for those with higher education and qualification. The message is that not only is wage posting a prevalent wage determination process in the labor market, more importantly, it is also dominant in the relatively low skilled sector. 2 Within our context, employers can not post wages contingent on workers' group identity which is irrelevant to productivity, which could be understood as due to the functioning of the equal opportunity legislation.

Literature addressing discrimination problem in random search context is vaster. However, to have tractable such model convenient for linking to evidence, the introduced discrimination is usually taste-based, hence to obtain realistic outcome may often require making compromise on assuming ex ante differences in parameters governing relevant characteristics. Rosen (1997) is an exception and shows that discrimination can result even if there are no differences across groups. Job opportunities arrive stochastically, minority workers choose reservation productivities above which they accept the job; To avoid majority workers who are always preferred, they choose to accept jobs even with low reservation wages. Although private information is the key element in Rosen (1997)'s model, search externality remains the main channel for the functioning of the discrimination mechanism. Our focus is on how the ranking order of firms contributes to strategic interdependence in workers' skill investment decisions, and search externality is internalized when search is directed.

There is also the important statistical discrimination literature 3 which emphasizes the role of asymmetric information on qualities related to the productivity. One strand of this literature derives group inequalities endogenously even in the absence of ex ante group difference on relevant characteristics. Their mechanism is that decision makers' asymmetric beliefs on relevant characteristics of members for different groups could subsequently dim unfavored agents' incentive on investment on payoff-relevant technology, which in turn justifies the firms initial beliefs. Our context is different from this literature mainly in the point that, instead of relying on the information friction which plays central role in generating the pessimistic outcome, we work through a sequential game where agents could correctly anticipate the pessimistic outcomes, hence choose to react accordingly in a rational way.

The paper is organized as follows. Section 2 analyzes the case without discrimination. We then move to the economy with discrimination in Section 3. In section 4, we consider the case of wage bargaining. Section 5 discusses, and then we conclude.

The model without discrimination

We start with a context without hiring discrimination. Consider an economy populated by two kinds of agents, the workers and the firms. The number of workers is N,4 with the index i ∈ {1, 2, ..., N}, and the number of firms is M, with the index j ∈ {1, 2, ..., M}. Define the market tightness as β ≡ N M .

We introduce a pre-matching investment stage in a standard wage posting game. Each job seeker makes a skill investment decision before entering into the labor market. This skill choice is assumed to be binary, such that if the worker decides to become highly skilled, an investment cost E H is paid, and otherwise E L , with E H > E L . A highly skilled job seeker who pays E H is capable of producing y H ; while a low skilled could only deliver y L . It would be useful to understand the formulation in the following way: workers who enter labor market after a longer period of training at school expect to receive higher expected income compared to those who spend a shorter period in schooling and enter the market at an earlier stage; the opportunity cost for the former is E H , and for the latter is E L . We assume that workers' skill level is public information. The costs {E L , E H } and productivities {y L , y H } are exogenous, but should satisfy some conditions which will be specified later.

Firms are ex ante identical. Having observed the distribution of skill attainment of job seekers, they post wages conditional on skills. If firms choose to attract a high skilled worker, they post w H , and the surplus after matching is y Hw H ; in case a low-skilled worker is searched for, w L is announced and the surplus is y Lw L . We emphasize that skill is a characteristic of workers which the wage contracts can be conditioned on; this is in sharp contrast to other qualities such as gender, race, height etc. which, under equal pay legislation, should not be conditioned on; so when firms distinguish workers according to these latter qualities, the wage contract becomes "incomplete";5 by this, we will say that firms discriminate.

The timing follows that of a standard wage posting game, augmented with a pre-matching skill investment stage (Stage 0):

Stage 0: Workers choose skill level, and pay either E H or E L .

Stage 1: Firms observe skills of job seekers, and announce the wage (w L , w H ).

Stage 2: Workers observe the wages offers, and choose which wage to apply to. Stage 3: Firms select workers from the received applications, and they select workers with same skill levels with equal probability. Then the production is carried on, and payoffs are realized.

We will focus on subgame perfect equilibria. Firms choose wages to maximize profits, and workers choose firstly the skill level and then which wage to apply to, in order to maximize the expected payoff from search.

Specification of the strategies, matching probabilities, and payoff functions.

To write agents' payoffs, it is a routine procedure in the directed search literature to first derive the matching functions. This section provides a quick summary for the general understanding of the context. Define a type-t job seeker i's strategy as a vector of probabilities Θ i t = θ i1 t , ..., θ iM t , where θ i j t is the probability with which the type-t worker i applies to firm j, and t ∈ {L, H}. It holds that ∑ j θ i j t = 1 for any i and t. As in the literature, it is convenient 6 to proceed with a transformation of variable. We define q, as expected number of applications received per firm; it is also called the expected queue length. Denote q j as the queue length of firm j, and q j t as the queue length of the type-t workers in firm j. If a firm attracts both high and low skilled, we have q j = q j L + q j H , where q j L and q j H are the queue length of the corresponding workers in firm j. Since we only consider symmetric equilibria, for a given firm j, θ i j t has the same value for any type t job seeker, so we denote θ i j L = θ j L and θ i j H = θ j H for any j. By definition, q j t is the number of workers of type t in firm j times their application probability: q j H = N H × θ j H , and q j L = N L × θ j L for any j, where N L and N H are the total number of low skilled and high skilled workers respectively.

Firms. A particular firm j matches with a worker if after the search stage at least one worker appears, which happens with probability 1 -1θ j t N t . The probability that no job seekers send application to this firm is 1 -

θ j t N t , and 1 -1 -θ j t N t
is the probability of receiving at least one application from type t workers. According to the aboved defined relationship

q j t = N t θ j t , the probability 1 -1 -θ j t N t , goes to 1 -e -q j t when N t → ∞.
This probability is increasing in q, which means that the more the expected number of applicants, the higher the probability that the firm could fill the vacancy. The firm chooses wage to maximize their expected profit, which is the product of the probability of meeting a worker of this type and the net surplus, 1e -q j t × y tw j t , where y t ∈ {H, L}. In the following we may occasionally suppress the superscript j whenever it does not raise confusion.

As shown by [START_REF] Shi | Wage differentials, discrimination and efficiency[END_REF], in case workers of both skill levels appear in the market, it is optimal for firms to post both w L and w H to attract both skill types. Furthermore, firms rank the high skilled in priority to the low skilled, that is, firms will only consider hiring the low skilled workers when they did not receive any application from high skilled workers, an event which happens with probability e -q H . Then the expected profit (from attracting both types of workers) is

(1 -e -q H ) × (y H -w H ) + e -q H (1 -e -q L ) × (y L -w L )
Job seekers. Job seekers observe all the wages w announced by firms, and choose which wage to apply to. Consider a particular job seeker. Conditional on visiting a particular firm j, his probability of employment in that firm is

1-1-θ j H N H N H θ j H if he is high skilled, and 1 -θ j H N H × 1-1-θ j L N L N L θ j L
if low skilled (see Appendix for more details). And these probabilities become 1-e -q j H q j H and e -q j H 1-e -q j L q j L when N → ∞ and M → ∞. Notice that 1-e -q t q t is decreasing in q t : the higher the expected number of applicants in this firm competing this job with him, the lower the probability with which this job seeker will be employed. Also notice that the employment probability of the low skilled workers is a product of e -q H and 1-e -q L q L , where the former governs the between-group competition effect, and 1-e -q L q L governs the within-group competition effect.

We remark that since q is a function of job seekers' application strategy, it depends on w. We now look more closely into their causal relationship. We should distinguish two terms:

(1) each job seeker's expected payoff from application, and (2) her expected "market" payoff. The expected payoff from application is the payoff that a worker receives when applying to a certain firm, namely, a product of the wage and the probability of obtaining it at that firm, namely, 1-e -q H q H × w H for the high skilled, and e -q H 1-e -q L q L × w L for the low skilled. The expected market payoff, denoted by U t , is the maximum level of the expected payoff from application in the equilibrium. U t is regarded as an aggregate variable, which is assumed to be invariant with respect to any variation of an individual agent's strategy. Consider a particular type H job seeker. He is willing to send application to a particular firm j, if and only if his expected payoff 1-e -q j H q j H × w j H from doing so is equal or greater than the expected market payoff U H . By the definition that U H is the maximum level attainable, we have

q j H      > 0 if 1-e -q j H q j H × w j H = U H = 0 if 1-e -q j H q j H × w j H < U H
Job seekers make trade-off between the wage and the probability obtaining it. To highlight the dependence of q t on w t , we could rewrite the above expressions as

q j H    > 0 if w j H > U H = 0 if w j H ≤ U H
Indeed, the employment probability 1-e -q H q H is a number which belongs to the interval (0, 1); if the wage is too low such that w j H ≤ U H , it will attract no workers, q H is zero; if w j H > U H , there is always a positive value q H which satisfies 1-e -q j H q j H × w j H = U H .

We now formalize the notion of equilibrium and will proceed in two steps. In the first, we state the notion of equilibrium for the wage posting subgame given a skill distribution of workers. In the second, we distinguish two notions on how workers optimally choose their skill level. For the wage posting subgame, the solution concept will be standard subgame-perfect competitive equilibrium (SPCE) similar to LMD (2005). As emphasized by LMD (2005), it is 'a simplification of standard subgame-perfection in which the aggregate variables are assumed constant with respect to the changes in the strategy of an individual agent.' Given the fraction of α ∈ [0, 1] of high skilled workers, an equilibrium, symmetric among workers, consists of the expected market payoffs (U H , U L ), each firms' strategy (w * H , w * L ), and workers' strategies (q * H , q * L ), that satisfy the following requirements: (i) each firm's posted wage (w * H , w * L ) is a best response to the other firms' strategy and to the workers' strategies (q * H , q * L ), on the assumption that the market expected payoff (U H (w), U L (w))7 remains fixed at U H (w * ) and U L (w * ), and is invariant to the firm's own wage; and (ii) q * t (w) with t ∈ {L, H} is a best response of each worker to any wage vector w, and to the choice of q * t (w) by all other workers. Now we turn to workers' skill decision which determines the value of α. Workers choose to be high skilled whenever U H -E H > U L -E L , then the fraction of high skilled workers is such that α = 1. Workers choose to be low skilled whenever U H -E H < U L -E L , then the fraction of high skilled workers is such that α = 0. Workers are indifferent between high and low skill when U H -E H = U L -E L . In the case with indifference, we should make distinctions on two notions specified as follows:

• Notion 1 (perfect correlation): Whenever indifferent, all workers (within a group) choose either high or low skilled.

• Notion 2 (no perfect correlation): Whenever indifferent, α represents individual worker's probability of choosing to be high skilled.

Under Notion 1, all workers in one group, whenever indifferent between two alternatives (L or H), will randomize towards the same direction: that is to say, we consider the group of workers as a whole, or there is perfect correlation on their skill choices; as a result, α does not represent an individual's probability of choosing high skilled and takes either the value 0 or 1, α ∈ {0, 1}. Under Notion 2, each worker can randomize between high and low skill whenever they are indifferent; since each worker can end up either high or low skilled, after this randomization, high and low skilled workers can be present at the same time, in contrast to Notion 1; The equilibrium value of α, denoted by α * , will be endogenously determined by the indifference equation, in which case α * ∈ (0, 1).

In the following analysis in this section without discrimination, we will derive equilibrium under both notions because technically Notion 1 could be regarded as a subproblem of Notion 2. However, we will focus exclusively on the study under Notion 1 when we turn to the section with discrimination. By doing so, we are able to abstract from some equilibrium which only arises under theoretical rigor but at the same time yields insights to a limited extent and induces unnecessary complexity in analysis.

Solution of the wage posting subgame. According to [START_REF] Burdett | Pricing and matching with frictions[END_REF], the definition of equilibrium is equivalent to a problem where firms choose wages to maximize their expected profit, taking into account the best responses of other firms as well as of the job seekers. As we consider a large economy, in which a single firm's deviation does not alter the expected market payoff U t , the market payoff can be taken as given in the stage where a firm maximizes its profit, and will later be determined endogenously. Thus, we consider the optimization problem in which a (deviating) firm j chooses w t with t ∈ {L, H} to maximize its expected profit, taking expected market payoff U t (other firms' responses) and the functional relationship between w t and q t (job seekers' responses) as given. When the firm attracts a single skill type, the equilibrium can be solved by 8 max w t (1e -q t ) × (y tw t ) s.to

1-e -q t q t × w t = U t for t ∈ {L, H}. For a given U t , solving w t from the constraint, substituting it into the objective function, and maximizing with respect to q t , we can obtain an optimal functional relationship 8 The program could also be understood as a deviating firm's profit maximization, taking all the other firms' best response as given. The other firms' best response is w * t , which satisfies 1-e -q * t q * t w * t = U t .

Holdup and Hiring Discrimination with Search Friction between q * t and U t . Using this obtained relationship, with the help of the constraint, we then achieve an optimal functional relationship between w * t and q * t . And since in symmetric equilibrium all firms will post the same wages, so that all workers will apply to each firm with equal probability, by definition of q we have q j H = q * H = N M = β and q j L = q * L = N M = β , when either all workers are high skilled or all workers are low skilled. This program is applicable under both Notion 1 and relevant situations of Notion 2. Under Notion 2, in addition, when workers are indifferent, both skills can be present at the same time, then firms attract both skill types as in [START_REF] Shi | Wage differentials, discrimination and efficiency[END_REF], the problem is

max w H ,w L (1 -e -q H ) × (y H -w H ) + e -q L (1 -e -q H ) × (y L -w L ) s.to 1-e -q H q H × w H = U H e -q H 1-e -q L q L × w L = U L
Solving the program, we could obtain U H = e -q * H (y Hy L ) + e -q * H -q * L y L , while U L = e -q * H -q * L y L ; at the equilibrium, we have q * H = N H M , q L = N L M and q * H + q * L = β . At last, it is important to remark that q t depends on w t continuously, as remarked by [START_REF] Shi | A directed search model of inequality with heterogeneous skills and skill-biased technology[END_REF]. In this way, a marginal change of wage w t can only lead to a marginal modification on the expected number of applicants q t . By the definition of q, under Notion 2, we have q * H (α) = N H M = αβ , and q * L (α) = N L M = (1α) β . Once the skill investment choice pins down the value of α * , we obtain q * H = α * β , and q * L = (1α * ) β . In the next section, we establish the decentralized market equilibrium and examine its properties. It is convenient to start with Notion 2.

Decentralized Market Equilibrium without discrimination under Notion 2

Firms' wage offers are conditioned on job seekers' skill levels, so we first consider the skill investment decision of job seekers at first stage. Denote α as the fraction of the job seekers who choose to invest in high skill, so the remaining fraction (1α) is low skilled. Under Notion 2, α is also the probability with which a job seeker chooses to invest in high skill, by virtue of the Law of Large Number. Let α * denote the equilibrium fraction of high skilled job seekers on the total population. There are three cases:

Case (1). α * = 1. All job seekers invest in high skill.

Case [START_REF] Acemoglu | Holdups and efficiency with search frictions[END_REF]. α * ∈ (0, 1). Some invest in high skill, while the remaining in low skill.

Case [START_REF] Albrecht | Matching with multiple applications revisited[END_REF]. α * = 0. All invest in low skill.

With Case (1) and Case (3), there exists only one skill level in the market, and since skills can be conditioned on wages, there is only one wage posted in equilibrium. However, the market with Case (2) features two skill levels. [START_REF] Shi | Wage differentials, discrimination and efficiency[END_REF] establishes that in this case it is optimal for firms to attract both skill types, while ranking the high skilled in priority to the low skilled. We now show that the rivalry between the market competition (captured by market tightness β ) and the magnitude of the return to skill ratio y H -y L E H -E L are crucial in the determination of which of the above three cases may prevail. (i) when 0 < β ≤ β , the unique equilibrium is such that all job seekers choose high skill, i.e. α * = 1.

(ii) when β > β , the equilibrium consists of a unique value α * ∈ (0, 1) which satisfies

y H -y L E H -E L = e α * β .
(iii) when y H -y L E H -E L ≤ 1 such that y H -y L E H -E L = e β has no positive solution on β , the unique equilibrium is α * = 0.

Proof. In the appendix.

When the value of return to skill y H -y L E H -E L is sufficiently large compared to e β , which measures the intensity of competition of the market, job seekers find it a dominant strategy to invest in high skills; There is no incentive for them to deviate, and the output is highest among all the equilibria. When the value of y H -y L E H -E L is moderate, there exists an equilibrium where job seekers are indifferent from being high skilled or low skills; all firms find it optimal to attract both skill types; the output is lower compared to the previous equilibrium. At last, when the value of return to skill is sufficiently low, it does not provide them incentive to sink this fixed cost against the risky job search game they are going to play; the equilibrium level of output turns out to be the lowest.

Decentralized Market Equilibrium without discrimination under Notion 1

Under Notion 1, there is only one skill type present in the market. When firms attract a single skill type, they solve max w t (1e -q t ) × (y tw t ) s.to

1-e -q t q t × w t = U t

In equilibrium, for the high skilled we have: U H = e -q * H y H , w * H = e -q * H q * H 1-e -q * H y H , where q * H = β ; and for the low skilled: U L = e -q * L y L , w * L = e -q * L q * L 1-e -q * L y L , where q * L = β . So that we have 

Constrained efficient allocations

The objective of this section is to find the efficient allocations in the centralized market, and evaluate whether the decentralized market attains its efficiency. The social planner maximizes the aggregate output, subject to the same matching friction as in the decentralized equilibrium. More precisely, the social planner chooses the fraction of workers to be high-skilled, divides firms into different groups to attract distinct compositions of workers, and assigns workers to match with a certain group of firms. With the same matching friction as before, the social planner is restricted to treat workers of the same skill level in the same way, and assures that workers of the same skill type must match with firms from the same group with the same probability.

We use the superscript "p" to label the equilibrium allocation chosen by the planner. Let α be the fraction of high skilled workers the social planner chooses, α ∈ [0, 1]. If the optimal arrangement is α p = 1, all job seekers are high skilled, and only one type of firms existsthose which attract high skilled workers. It is similar for α p = 0. If α p ∈ (0, 1), there are both high and low skilled job seekers and it is optimal for the planner to assign all firms to post wages for both the high and low skilled (shown in [START_REF] Shi | Wage differentials, discrimination and efficiency[END_REF]). Furthermore, in the last case the planner can also manage the priority of firms' hiring workers with different skills -whether to prefer high skilled to low skilled or otherwise. Let R be the probability with which the firms rank high skilled workers in priority to the low skilled. And q t is the expected number of applicants in a firm, t ∈ {L, H}, which governs how the planner assigns workers' applications. Thus, the social planner's problem is to maximize the following aggregate output

M × (1 -e -q H ) (R × (1 -e -q L ) + e -q L ) y H + (1 -e -q L ) ((1 -R) (1 -e -q H ) + e -q H ) y L -N × (αE H + (1 -α) E L )
If at least one high skilled visits a certain firm, with probability (1e -q H ), the firm hires this high skilled, either with probability 1 when no low skilled worker shows up, which 3.3 The model with hiring discrimination 93 happens with probability e -q L , or with probability R if there is at least one low skilled who shows up at the same firm, which occurs with probability (1e -q L ); it is similar for the case with low productivity. Since the firms and workers of the same skill are all identical from the planner's perspective, we have q H = αβ and q L = (1α) β . The above objective includes all cases with different values of α. Solving the problem, we can see that the optimal ranking is that firms always prefer high skilled workers, i.e., R p = 1, and we have the following proposition Proposition 2. The equilibrium labor allocation and skill investment choice is socially optimal.

Proof. In the Appendix.

In the proof, we could also verify that the threshold β p for skill investment coincides with β in the decentralized economy. That is, when 0 < β ≤ β = log y H -y L E H -E L , it is socially optimal that workers all invest in high skill; when β > β , it is socially optimal that a fraction α * of workers invest in high, while the rest invest in low skill; and y H -y L E H -E L ≤ 1 such that β has no positive real solution, all invest in low skill. In the rest of the paper, we mainly focus on the first case, so that whenever workers are discouraged to underinvest, it is due to the effect of discrimination.

The model with hiring discrimination

We now introduce discrimination. Consider an economy where workers can be partitioned into two groups, group a and group b, according to certain trait which is irrelevant to productivity. Gender, for example, is such one possible binary partition of labor force. Denote the fraction of group a as γ, and the fraction of group b as 1γ. The two group of workers are ex ante identical in all other aspects. Discrimination modifies the matching functions of agents. Specifically, in order to formulate discrimination, we introduce a term x called hiring (ranking) rule specified by firms. To be precise, x could be understood as the probability with which the group a workers are selected when workers from both groups are present. The probability that a group a worker is employed by this firm is

F a (q a , q b , x) = 1 -e -q a q a × x 1 -e -q b + e -q b
Analogously, the probability that a group b worker is employed by this firm is

F b (q a , q b , x) = 1 -e -q b q b × (1 -x) 1 -e -q a + e -q a
To understand these expressions, we have to notice that now when job seekers are considering their probability of being hired, they have to take into account of the impact from the competition with the other group. The parts 1-e -q a q a and 1-e -q b q b capture the within group competition, while the remaining parts with x capture the between group competition. When x = 1, firms hire group b workers only when none of the group a is present. Firms' preference is such that group a are preferred to group b, although both groups have identical productivity. This is what we call hiring discrimination. The employment probability for group a and group b workers become respectively, F a (q a , q b , 1) = 1-e -q a q a F b (q a , q b , 1) = 1-e -q b q b

× [e -q a ] Another interesting example is x = 1 2 . The employment probability for group a and group b workers becomes respectively

F a q a , q b , 1 2 = 1 -e -q a q a × 1 2 × 1 -e -q b + e -q b F b q a , q b , 1 2 = 1 -e -q b q b × 1 2 × 1 -e -q a + e -q a
When q a = q b , we have F a q a , q b , 1 2 = F b q a , q b , 1 2 , both workers have identical employment probability, and it is as if there is no discrimination among workers. Furthermore, we have F a (q a , q b , 1) ≥ F a q a , q b , 1 2 for any positive value of (q a , q b ). Then the employment probability of workers from the preferred group (group a) is higher under discrimination than that in the case without discrimination. Similarly, when F b (q a , q b , 1) ≤ F b q a , q b , 1 2 for any positive values of (q a , q b ), i.e. the employment probability of the discriminated group (group b) is lower when there is hiring discrimination. In fact, the employment probability of group a (group b) is increasing (decreasing) in x.Thus, for a given positive pair of (q a , q b ), there exists x ∈ (0, 1) such that F a (q a , q b , x) = F b (q a , q b , x), and x could be considered as the hiring rule without discrimination. Indeed x measures the intensity of firms' discriminatory preference. Given q a and q b , for x ∈ [0, x), firms discriminate group a, and for x ∈ ( x, 1] firms discriminate against group b. The closer x approaches to the extremes of the interval [0, 1], the more intensive the hiring discrimination is. In the rest of paper, we focus on the case x = 1 such that group a achieve absolute priority to group b.

The case of strong discrimination: x = 1

Formally, we introduce two assumptions as in [START_REF] Merlino | Discrimination, technology and unemployment[END_REF]. These assumptions help introduce some heterogeneity which is not related to productivity among the labor pool.

Assumption 1: Firms are not allowed to post wages which are dependent on the group identity.

Assumption 2: Firms prefer group a in the sense that firms only hire workers from group b when no group a workers are present, i.e. x = 1.

Same as the case without discrimination, workers visit a firm only when they can obtain the expect market payoff from applying to that firm. We denote in this section the expected market payoff of high skilled job seekers from group a and group b as U aH and U bH respectively. The above assumptions imply U aH = F aH (q aH , q bH ) × w H = 1-e -q aH q aH × w H U bH = F bH (q aH , q bH ) × w H = 1-e -q bH q bH e -q aH × w H For β ≤ β , all workers choose to be high-skilled if there were no discrimination. To analyze how does discrimination have impact on workers' expected payoff from search hence the skill investment incentives, it is important to first study the wage posting subgame with discrimination given a skill distribution. Without loss of generality, we start with the case where both groups choose to be high skilled. In the next section, we review the results from LMD (2005), where they study the case with discrimination but no difference in workers' skill levels (or productivity).

Existing results revisited and reinterpreted

In a context where there are two groups of workers with identical productivity (skill level) and firms strongly prefer group a to group b. LMD (2005) show that any subgame-perfect competitive equilibrium (SPCE) is separating.

Separating equilibrium. LMD (2005) show that there is no wage to which both groups of job seekers apply. More precisely, no wage can maximize firms' profit while attracting both groups of workers simultaneously (with the expected payoff from application attaining the corresponding market payoff). The equilibrium is separating. That is, there are some firms posting a higher level of wage attracting only the preferred group a, whereas the rest of firms offering a lower wage which is applied only by the discriminated group b (see Proposition 2 in LMD ( 2005)). Notice that the discriminated group have always the choice of applying to the high wage firms, however, they choose not to do so at all, because they anticipate discrimination in these firms. The most essential results of LMD (2005) are summarized as follows:

(i) At the firms attracting group a workers, expected profit for the firms and the expected payoff for the workers in the equilibrium are π S aH = 1e -q S aHq S aH e -q S aH × y H U S aH = e -q S aH × y H w S aH = q S aH e -q S aH 1-e -q S aH × y H ii) At the firms attracting group b workers, expected profit for the firms and the expected payoff for the workers in the equilibrium are

π S bH = 1 -e -q S bH 1 -e -q S aH × y H , w S bH = U S aH U S bH = 1-e -q S bH q S bH w S bH
Separating equilibrium requires that firms be indifferent between attracting group a and group b workers, that is π S aH = π S bH which helps to determine q S bH and q S aH jointly. (iii) Furthermore, we have w S aH > w S bH . q S aH > β > q S bH , both q S aH and q S bH are increasing in β and γ, and both q S aH and q S bH are independent of y H .

We make some important remarks on the features of the separating equilibrium. Firstly, the resulted equilibrium allocations are incentive compatible. For any particular bH job seeker, by deviating to applying for w S aH , the best they can get is e -q S aH × w S aH (when none of the group a shows up in the firm which this bH worker deviates to apply to). However, this deviating payoff is strictly lower than sticking to applying to w S bH owing to the following relationship: e -q S aH × w S aH = e -q S aH × q S a ×e -q S a 1-e -q S a × y H = q S a ×e -q S a 1-e -q S a ×U S aH = e -q S bH U S aH = e -q S bH w S bH < 1-e -q S bH q S bH w S bH = U S bH . As for any particular aH job seeker, by deviating to w S bH , the best they can get is w S bH = U S aH , which is as good as what he could get if he does not deviate. Secondly, we do not have the reservation wage structure. A reservation wage structure requires that workers apply to any wage which gives them an expected payoff higher than certain reservation value, in our case it would imply group bH should apply to both the low and high wages, however, it is not the case. This is because the expected payoff from applying to the high wage is a strictly dominated strategy for group b: the expected payoff from applying to high wages is too low to match their expected market payoff U S bH . Following are several noteworthy properties of such an equilibrium.

Results from LMD (2005): Compared to the context without discrimination, (1) Both groups have lower expected payoff. (2) All firms earn higher profits. (3) The expected payoff of group a and group b are such that U S aH > U S bH . Group b workers are worse off, because of firms' discriminatory hiring norm. Anticipating discrimination, group b demand lower expected payoff, which makes them cheaper to be employed. This in turn increases firms' market power in hiring group a. Group a understand that if they demand high wages, firms will threat to switch to hiring group b workers instead. Hence group a workers demand also low wages, and are worse off too. Now more about firms. Apart from the mechanisms just described, firms are able to earn high profits because in the regime with discrimination market is segmented, which allows the firms to face less competition in each segment. As a general remark, discrimination enables firms to extract higher profit by holding up job seekers' skill investment and providing all the job seekers lower expected payoff. Furthermore, since U S aH > U S bH , it suggests that the group b job seekers, being discriminated, are hurt to a larger extent. So that group b' incentive of skill investment is distorted further downwards. We enter more detailed discussions in the following section.

Analysis under our context

In the last section, we interpreted the equilibrium of the wage posting subgame given that all workers choose to be high skilled. In this section, we study how discrimination leads to different incentives of skill investment for these two groups respectively, and attempt to find the corresponding equilibrium.

An important observation is that the skill decision for group a and group b is strategic, and this is a direct consequence of the coexistence of ranking through the productivity-dependent (skill) and -independent traits (discrimination). Ranking by skills requires that the high skilled workers have the priority; While ranking by productivity-independent traits means that group a have the priority. Although multidimensional characteristics are involved, these two ranking schedules yield a unique market hierarchy:

aH ≻ bH ≻ aL ≻ bL
. It reads as follows: high skilled group a (aH) are preferred to high skilled group b (bH), who are preferred to low skilled group a (aL), who are then preferred to low skilled group b (bL). How does the strategic interdependence arise? Take group a as an example for explanation. Although they are always ranked prior to group b due to discrimination, whenever they contemplate to lower skill investment, they understand that they will be ranked behind the high skilled group b; then the term e -q bH which captures the competition from bH will appear in their payoffs.

Given the strategic interdependence in payoffs from skill investment, we adopt Nash equilibrium as the solution concept for the skill investment game. We proceed under Notion 1, and regard a whole group as making decision collectively and simultaneously, then all the workers in one group either end up high or low skilled. And we will focus on pure strategy of each group. Let α g be the probability of group g's choosing to be high skilled, for g = a or b. We have either α g = 1 or α g = 0. We have the following four possibilities as equilibrium: To decide the skill investment, workers take into account firms' best response in the wage posting stage to infer the expected payoff from application, and compare the payoffs net of the cost of skill investment. In the wage posting subgame, when facing all workers with identical skill level (as in case (P1) and (P4)), firms' optimal strategy is the same as stated in LMD (2005); that is, some firms post a higher wage which is only applied by group a, whereas the rest post a lower wage which is only applied by group b. When there are both low and high skilled workers (as in case (P2) and (P3)), firms post wages conditional on skill level, and it is optimal for firms to attract both skill levels and rank the high skilled in priority to low skilled, as in [START_REF] Shi | Wage differentials, discrimination and efficiency[END_REF]. We then proceed to find workers' best response in the skill investment stage, and in turn the equilibrium in this discriminatory context with skill investment. We will use P1, P2, P3, P4 as the superscript for corresponding equilibrium allocations. When α a = 1 and α b = 1, workers are composed of type aH and bH. Firms post wages separately. We have the following payoffs for aH and bH respectively,

U P1 aH = e -q P1 aH y H -E H and U P1 bH = 1-e -q P1 bH q P1 bH e -q P1 aH y H -E H
where we recall that q S aH = q P1 bH < β < q P1 aH = q S bH . When α a = 1 and α b = 0, workers are composed of type aH and bL. Firms post wages conditional on skills, attract both types at the same time, and rank the high skilled in priority to the low skilled. As for the payoffs, we have

U P2 aH = e -q P2 aH (y H -y L ) + e -q P2 aH -q P2 bL y L -E H and U P2 bL = e -q P2 aH -q P2 bL y L -E L
where q P2 aH = γβ , q P2 bL = (1γ) β , and q P2 aH + q P2 bL = β . When α a = 0 and α b = 1, workers are composed of different skill levels, aL and bH, we have similarly

U P3 aL = e -q P3 aL -q P3 bH y L -E L and U P3 bH = e -q P3 bH (y H -y L ) + e -q P3 aL -q P3 bH y L -E H
where q P3 aL = γβ , q P3 bH = (1γ) β , and q P3 aL + q P3 bH = β . When α a = 0 and α b = 0, workers are composed of type aL and bL. Both are of same skill level, firms will discriminate and post wages as in LMD (2005), and workers' payoffs are

U P4 aL = e -q P4 aL y L -E H and U P4 bL = 1-e -q P4 bL q P4 bL e -q P4 aL y L -E L
Since the solution of q in LMD (2005) is independent of y H and y L , we have q P1 bH = q P4 bL < β < q P4 aL = q P1 bH . The payoff matrix is as follows bH bL aH bH: 1-e -q P1 bH q P1 bH e -q P1 aH y H -E H aH: e -q P1 aH y H -E H bL: e -q P2 aH -q P2 bL y L -E L aH: e -q P2 aH (y Hy L ) + e -q P2 aH -q P2 bL y L -E H aL bH: e -q P3 bH (y Hy L ) + e -q P3 aL -q P3 bH y L -E H aL: e -q P3 aL -q P3 bH y L -E L bL: 1-e -q P4 bL q P4 bL e -q P4 aL y L -E L aL: e -q P4 aL y L -E H

A pure-strategy Nash equilibrium on skill investment consists of a profile of actions with the property that no single group as a whole can achieve a higher payoff by unilateral deviation. The equilibrium depends on the value of β . For example, holding group a high skilled, when we decide whether group b choose to be high or low skill, we must compare U P1 bH and U P2 bL . And we find that there exists at least one threshold β2 which is determined by U P1 bH = U P2 bL and is such that β2 < β ; this implies that depending on different values of β , the group b may choose high or low skill, leading to potentially different equilibrium. For tractability, we should introduce the following two conditions which guarantee that any such threshold as β2 is unique: 9 Assumption 3.1 The equality e -q P1 aH ( β1) y H -E H = e -β1 y L -E L admits a unique solution β1 . Assumption 3.2 The equality 1-e -q P1 bH ( β2 ) q P1 bH ( β2) e -q P1 aH ( β2) y H -E H = e -β2 y L -E L admits a unique solution β2 .

The results on the equilibrium are summarized as follows: Proposition 3. Under the above assumptions, there exist two thresholds β2 and β1 with 0 < β2 < β1 < β , such that (1) When 0 < β < β2 , there exists a unique equilibrium in which both group a and group b invest in high skill, (aH, bH). At β = β2 , both (aH, bH) and (aH, bL) can be equilibrium.

(2) When β2 < β < β1 , there exists a unique equilibrium in which group a invest in high skill while group b in low skill, (aH, bL). At β = β1 , both (aL, bH) and (aH, bL) can be equilibrium.

(3) When β1 < β ≤ β , there exist multiple equilibria. Either group a invest in high skill and group b in low skill, or group a invest in low skill and group b invest in high skill, (aL, bH) or (aH, bL).

Proof. In the Appendix. 9 When y H is sufficiently large compared to y L , these two conditions are satisfied. Take β1 for example. The related assumption is satisfied when

e -q P1 aH (β ) dq P1 aH dβ e -β
< y H y L . Since q P1 aH does not depend on β , there exists always a pair of y L and y H such that this condition is satisfied. In fact, if one group choose to be low skilled, the best response of the other group is always to be high skilled, while the best response to the other's high skill choice depends on the two thresholds. Furthermore, the rise of market tightness β makes workers have stronger incentive to deviate from high skill, and group b is more prone to deviate compared to group a, in the sense that the threshold of β at which group b begins to contemplate to invest in low skill is lower compared to group a. Interestingly, for values of β close to β , there exists an equilibrium where the preferred group a choose low skill, while the discriminated group b choose high skill. The results are summarized in Figure 3.1. We have the following results on the comparison of workers' expected payoff and firms' profits compared to the case without discrimination.

Corollary. Compared to the case without discrimination, (1) In (aH, bH) equilibrium, firms always earn higher expected profits; In (aH, bL) equilibrium and (aL, bH), firms earn lower expected profits.

(2) In (aH, bH) equilibrium, both aH and bH workers earn lower expected payoff; In (aH, bL) equilibrium, group aH (group bL) earn higher (lower) expected payoff; in (aL, bH) equilibrium, group bH (group aL) earn higher (lower) expected payoff.

Proof. In the Appendix. This corollary tells that firms can be worse off with discrimination. Indeed, when workers anticipate discrimination, their investment incentive may be downwards distorted, and some group may end up choosing to underinvest. In equilibrium, whenever one group underinvest and the other group remain high skilled, the firms turn out to earn lower expected profits compared to the case without discrimination. This is simply due to the fact that underinvestment in skills discretely drags down the average productivity of the economy. non-positive profits after the reduction of capital cost would simply not enter into the market. In the paper, we observe that the equilibrium is unique with respect to β , which has a one-one relationship with M -the number of firms in the market, so that the results in the paper could carry through with free entry. All firms in the market expect positive net profits. When there are different skill groups, this result could also carry through, because the equilibrium profit of firms is still an increasing function of β .

Heterogeneity in skill investment cost. Some preliminary attempts from us suggest that our context could be generalized to a situation where workers are heterogenous in their skill investment cost (although more complicated): let the low skill investment cost be zero (E L = 0) for all workers, and the high skill investment cost be, for simplicity, of two values E H,1 < E H,2 ; there are still two levels of productivity: y L and y H . Focus on the corresponding β and define it as β = log y H -y L E H,2 -E L . If the contracts can be contingent on E H,1 and E H,2 , the submarkets for type E H,1 workers and type E H,2 workers are separated, and all the results in the paper carry through for the workers of cost E H,2 ; as for the workers of cost E H,1 , their skill investment cost is lower, hence they have stronger incentive to remain high skilled; then for values of β close to β = log y H -y L E H,2 -E L , some equilibrium which exists in the E H,2 submarket may not exist in the E H,1 submarket. If the contracts can not be contingent on E H,1 and E H,2 , both type E H,1 and type E H,2 are in the same market and will compete; as a result, there may exist a region of β where both high skilled group a and group b, as well as both low skilled group a and group b, exist at the same time. The extent of the skill investment game is in turn larger, because, for example, a particular group "a, E H,1 "'s skill investment decision should be a best response of other groups: "a, E H,2 ", "b, E H,1 ", and "b, E H,2 ". If heterogeneity in skill investment cost is managed, it is possible to extend the model to multiple skill levels. [START_REF] Shi | Wage differentials, discrimination and efficiency[END_REF] shows that in such a model with multiple skill levels free of discrimination, the result that firms always rank the high skilled workers in priority to the workers with lower skills can be generalized. The difficulty under the context with discrimination, as just stated, is on the extent of the game.

Conclusion

In this paper, we study a holdup problem where firms can use discriminatory hiring norms to extract higher than socially optimal profits. We find that when firms rank workers according to both productivity-dependent and productivity-independent characteristics, skill investment becomes strategic between the discriminated and the favored group. In case wages are posted, we suggest that depending on the market tightness there may be equilibrium or multiple
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The employment probability for the workers is ∑

N-1 k=0 C k N-1 θ j k 1 -θ j N-1-k 1 k+1 . This expression could be simplified to 1-(1-θ j ) N Nθ j
13 . Hence the job seeker's expected pay off

is 1-(1-θ j ) N Nθ j × w j .

A2. Proofs of propositions

Proposition 1. (return to skills) Given the return to skill ratio y H -y L E H -E L , define β as

y H -y L E H -E L = e β .
(i) when 0 < β ≤ β , the unique equilibrium is such that all job seekers choose high skill, i.e. α * = 1.

(ii) when β > β , the equilibrium consists of a unique value α * ∈ (0, 1) which satisfies

y H -y L E H -E L = e α * β . (iii) when y H -y L E H -E L ≤ 1 such that y H -y L E H -E L = e β
has no positive solution on β , the unique equilibrium is α * = 0.

Proof. We will prove only case (i) while the proof of case (ii) and (iii) are highly similar. Notice first that y H -y L E H -E L ≥ e β is equivalent to e -β y H -E H ≥ e -β y L -E L . We prove firstly that the deviation to low skill is not optimal. By this, we prove that a proportion ε of workers' deviating to low skill is suboptimal. And it suffices to show that after deviation, the deviator can not get higher expected payoff. Before deviation, the expected payoff is e -q * H y H -E H , where q * H = β . After deviation, the expected payoff becomes e -q D H -q D L y L -E L , where q D H + q D L = β . However, under the condition e -β y H -E H ≥ e -β y L -E L , the expected payoff after deviation is weakly lower.

For the uniqueness. We should furthermore show that for the case of α = 0 and α ∈ (0, 1), there will be profitable deviation. When α = 0, the expected income from search is e -β y L -E L . If there is a fraction ε deviating to high skilled, then the expected income for the deviator becomes e -εβ (y Hy L ) + e -β y L -E H . Then this expected payoff after deviation is greater than the expected payoff before deviation because. e -εβ (y Hy L ) > e -β (y Hy L ) ≥ E H -E L . So the deviation is profitable for the deviators. When α ∈ (0, 1), the expected income from search is e -β y L -E L for the low skilled, and e -αβ (y Hy L ) + e -β y L -E H for the type H job seekers, where α should be pinned down by workers' indifference condition e -αβ (y Hy L ) = E H -E L . However, this condition is incompatible for any α < 1 with our condition e -β y H -E H ≥ e -β y L -E L . So that it is impossible that job seekers are indifferent from being high or low skilled.

Holdup and Hiring Discrimination with Search Friction

All in all, we have proved that when the configuration of parameters is such that e -β y H -E H > e -β y L -E L , the only equilibrium is all the job seekers choose to obtain high skill, i.e.

α * = 1. Q.E.D.
Proposition 2. The equilibrium labor allocation and skill investment choice is socially optimal.

Proof. We derive the proof for Notion 2, the proof for Notion 1 can be analogously derived. By definition of q, we have q H = N H M and q L = N L M -all firms will attract both skill types. Since N H = αN and N L = (1α) N, we have q H = αβ and q L = (1α) β . When α = 1 or α = 0, there is only one skill level present in the market; when α ∈ (0, 1), there are both high and low skilled. Define a priority rule R ∈ [0, 1], which is the probability of choosing high skilled job applicants when both high and low skilled are present in the same firm. The planner chooses α, which hence determines q H and q L , to maximize the aggregate output

M × (1 -e -q H ) (R × (1 -e -q L ) + e -q L ) y H + (1 -e -q L ) ((1 -R) (1 -e -q H ) + e -q H ) y L -N × (αE H + (1 -α) E L )
The objective program can be rearranged to the following way

M × (1 -e -q L ) (1 -e -q H ) × [Ry H + (1 -R) y L ] +e -q L y H + e -q H y L -e -β y H -e -β y L -N × (αE H + (1 -α) E L )
Whenever we are with corner solutions on α, i.e. q H = 0 or q L = 0, the expression does not depend on R. When the solution on α is interior, q H and q L are both positive. And if we maximize with respect to R, we have (1e -q H ) (1e -q L ) (y Hy L ) > 0, so that setting R p = 1 is the optimal choice. By doing so, we could further reduce the objective to

M × [(1 -e -q H ) y H + e -q H (1 -e -q L ) y L ] -N × (αE H + (1 -α) E L )
Now the derivative with respect to α yields

=N Mβ × e -αβ (y H -y L ) -N × (E H -E L ) 3.7 Appendix
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where the first line represents the marginal gain from assigning 1% more workers to the high skilled section, and the second line represents the corresponding marginal loss. For values of β such that the marginal gain surpasses the marginal loss, the planner will set α = 1, in which case a threshold β p is determined by e β p (y Hy L ) = E H -E L , such that for values of β not larger than this threshold pinned down by the log-return to skills, the planner finds socially optimal to assign all workers to the high skilled sector. When the skill to return is such that (y Hy L ) < E H -E L , for all values of β the marginal gain will be lower than the marginal loss, the planner will choose α p = 0. At last if β satisfies β > β p , such that the log-return to skill investment is not high enough to offset the market competition (captured by β ), there is an α p ∈ (0, 1) (an interior solution) which is determined by e -α p β (y Hy L ) = E H -E L such that the planner will recommend ex ante identical workers to randomize on skill choice and a fraction α p will end up high skilled. It is straightforward to notice that the correspond values of q p H = α p β and q p L = (1α p ) β correspond to the equilibrium allocation. As a summary, we have shown that the threshold for skill investment β p coincides with β , and α p conincides with α * . Q.E.D. Proposition 3. Under the above assumptions, there exist two thresholds β2 and β1 with 0 < β2 < β1 < β , such that (1) When 0 < β < β2 , there exists a unique equilibrium in which both group a and group b invest in high skill, (aH, bH). At β = β2 , both (aH, bH) and (aH, bL) can be equilibrium.

(2) When β2 < β < β1 , there exists a unique equilibrium in which group a invest in high skill while group b in low skill, (aH, bL). At β = β1 , both (aL, bH) and (aH, bL) can be equilibrium.

(3) When β1 < β ≤ β , there exist multiple equilibria. Either group a invest in high skill and group b in low skill, or group a invest in low skill and group b invest in high skill, (aL, bH) or (aH, bL).

Proof. Holding group b high skilled, group a's best response depends on the comparison between U P1 aH (β ) and U P3 aL (β ). On one hand, since q P1 aH (β ) > β , we have

U P1 aH β = e -q P1 aH ( β ) y H -E H < e -β y H -E H = e -β y L -E L = U P3 aL β
On the other hand, since q P1 aH is increasing in β , when β → 0, we have 

U P1 aH (β ) → y H -E H which is greater than U P3 aL (0) = y L -E L .
U P2 aH = e -γβ (y H -y L ) + e -β y L -E H > e -β y H -E H > e -q P4 aH y L -E L = U P4 aL
where the last inequality is due to the fact that e -β y H -E H ≥ e -β y L -E L for all β ≤ β and q P4 aH > β , implying that choosing high skill is a dominant strategy for group a when group b choose low skill.

Holding group a high skilled, group b's best response depends on the comparison between U P1 bH and U P2 bL . On one hand, we have

U P1 bH β = 1-e -q P1 bH ( β ) q P1 bH ( β ) e -q P1 aH ( β ) y H -E H < e -β y H -E H = e -β y L -E L = U P2 bL β
where the first inequality is due to the fact that 1-e -q P1 bH ( β ) q P1 bH ( β ) e -q P1 aH ( β ) < e -q P1 aH ( β ) and q P1 aH (β ) > β . On the other hand, since q P1 aH (β ) and q P1 bH (β ) are increasing in β , when β → 0, we have 

U P1 bH (β ) → y H -E H which is greater than U P2 bL (0) = y L -E L .
U P3 bH = e -(1-γ)β (y H -y L ) + e -β y L -E H > e -β y H -E H ≥ e -β y L -E L > 1-e -q P4 bL (β ) q P4 bL (β ) e -q P4 aL (β ) y L -E L
where the last inequality is due to the fact that e -β > e -q P4 aL > 1-e -q P4 bL (β ) q P4 bL (β ) e -q P4 aL (β ) , implying that choosing high skill is a dominant strategy for group b when group a choose low skill.

To summarize, for values of β ∈ 0, β2 , both groups choosing high skill, i.e. (aH, bH), is the unique equilibrium; for β ∈ β2 , β1 , group a choosing high skill and group b choosing low skill, i.e. (aH, bL) is the unique equilibrium; When β ∈ β1 , β , both (aH, bL) and (aL, bH) are possible to appear as equilibrium. Q.E.D.

Corollary. Compared to the case without discrimination,
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(1) In (aH, bH) equilibrium, firms always earn higher expected profits; in In (aH, bL) equilibrium and (aL, bH), firms earn lower expected profits.

(2) In (aH, bH) equilibrium, both aH and bH workers earn lower expected payoff; in (aH, bL) equilibrium, group aH (group bL) earn higher (lower) expected payoff; in (aL, bH) equilibrium, group bH (group aL) earn higher (lower) expected payoff.

Proof. ( 1) In (aH, bH) equilibrium, the result is proved in LMD (2005). We prove the case for (aH, bL) equilibrium. In (aH, bL) equilibrium, firms' profits are

π P2 aH,bL = 1 -e -q P2 H -q P2 H e -q P2 H y H + q P2 H + 1 e -q P2 H -e -β (β + 1) y L
This term is smaller than the profit without discrimination, because

π P2 aH,bL = 1 -e -q P2 H -q P2 H e -q P2 H y H + q P2 H + 1 e -q P2 H -e -β (β + 1) y L < 1 -e -q P2 H -q P2 H e -q P2 H y H + q P2 H + 1 e -q P2 H -e -β (β + 1) y H = 1 -e -β -e -β β y H
where the inequality uses the fact that (x + 1) e -x is a decreasing function and q P2 H < β . The proof for the case of (aL, bH) equilibrium can be analogously reproduced.

(2) For the case (aH, bH), it follows from LMD (2005). For the case of (aH, bL). We have

U P2 aH = e -γβ (y H -y L ) + e -β y L -E H > e -β y H -E H > e -q S aH y H -E H
where the first inequality comes from e -γβe -β > 0.

and

U P2 bL = e -β y L -E L < e -β y H -E H
where the inequality comes from the fact that β ≤ β . The proof for the case of (aL, bH) equilibrium can be analogously reproduced. Q.E.D. Proposition 4. Let γ ≥ 1 2 so that group a is the majority. There are four thresholds ψaL,b ≤ ψbH,a < ψbL,a < ψaH,b , such that (1) For ψ ∈ 0, ψaL,b , the unique pure strategy nash equilibrium is (aL, bL); for ψ = ψaL,b , the equilibrium can be (aL, bL) or (aL, bH). (2) For ψ ∈ ψaL,b , ψbH,a , the unique pure strategy nash equilibrium is (aL, bH); (3) For ψ ∈ ψbH,a , ψbL,a , there is no pure strategy nash equilibrium; for ψ = ψbL,a , the equilibrium is (aH, bL); (4) For ψ ∈ ψbL,a , ψaH,b , the unique pure strategy nash equilibrium is (aH, bL); at the point ψ = ψaH,b , the equilibrium can be (aH, bL) or (aH, bH). (5) For ψ ∈ ψaH,b , 1 , the unique pure strategy nash equilibrium is (aH, bH). ( 6) Define the threshold ψ of skill investment without discrimination as ψy H

1-e -β β -E H = ψy L 1-e -β β
-E L ; then ψbL,a < ψ < ψaH,b . Proof. The payoff matrix is as follows.

bH bL (2) We prove for values of ψ ∈ ψaL,b , ψbH,a , the unique Nash pure strategy equilibrium is (aL, bH). Holding group b high skilled, group a choose to be low skilled, because ψ < ψbH,a . Holding group b low skilled, group a choose to be low skilled, because ψ < ψbH,a < ψbL,a . Holding group a high skilled, group b choose to low skilled, because ψ < ψbH,a < ψaH,b . Holding group a low skilled, group b choose to be high skilled, because ψ > ψaL,b . At the point ψ = ψbH,a , the unique equilibrium is (aL, bH).

aH bH: e -γβ 1-e -(1-γ)β (1-γ)β ψy H -E H aH: 1-e -γβ γβ ψy H -E H bL: e -γβ 1-e -(1-γ)β (1-γ)β ψy L -E L aH: 1-e -γβ γβ ψy H -E H aL bH: 1-e -(1-γ)β (1-γ)β ψy H -E H aL: e -(1-γ)β 1-e -γβ γβ ψy L -E L bL: e -γβ 1-e -(1-γ)β (1-γ)β ψy L -E L aL: 1-e -γβ γβ ψy L -E L Define ψaH,b by e -γβ 1-e -(1-γ)β (1-γ)β ψy H -E H = e -γβ 1-e -(1-γ)β (1-γ)β ψy L -E L . Define ψaL,b by 1-e -(1-γ)β (1-γ)β ψy H -E H = e -γβ 1-e -(1-γ)β (1-γ)β ψy L -E L . Define ψbH,a by 1-e -γβ γβ ψy H -E H = e -(1-γ)β 1-e -γβ γβ ψy L -E L . Define ψbL,a by 1-e -γβ γβ ψy H -E H = 1-e -γβ γβ ψy L -E L . When γ ≥ 1 2 ,
(3) We prove for values of ψ ∈ ψbH,a , ψbL,a , there is no pure strategy Nash equilibrium is (aL, bH). Holding group b high skilled, group a choose to be high skilled, because ψ > ψbH,a . Holding group b low skilled, group a choose to be low skilled, because ψ < ψbL,a . Holding group a high skilled, group b choose to low skilled, because ψ < ψbL,a < ψaH,b . Holding group a low skilled, group b choose to be high skilled, because ψ > ψaL,b . At the point ψ = ψbL,a , the unique equilibrium is (aH, bL).

(4) We prove for values of ψ ∈ ψbL,a , ψaH,b , there is a unique pure strategy Nash equilibrium (aH, bL). Holding group b high skilled, group a choose to be high skilled, (5) We prove for values of ψ ∈ ψaH,b , 1 , there is a unique pure strategy Nash equilibrium (aH, bH). Holding group b high skilled, group a choose to be high skilled. Holding group b low skilled, group a choose to be high skilled. Holding group a high skilled, group b choose to high skilled, because ψ < ψaH,b . Holding group a low skilled, group b choose to be high skilled, because ψ > ψaL,b .

(6) At last, notice that ψ = E H -E L y H -y L × 1-e -β β -1 , ψbL,a = E H -E L y H -y L × 1-e -γβ γβ -1
, and

ψaH,b = E H -E L y H -y L × e -γβ 1-e -(1-γ)β (1-γ)β -1 . It is straightforward to verify that ψbL,a < ψ < ψaH,b because 1-e -γβ γβ -1 < 1-e -β β -1 < e -γβ 1-e -(1-γ)β (1-γ)β -1 . Q.E.D.
Chapter 4

"Market Power and Efficiency in a Search Model" Revisited Abstract

In a directed search context, Galenianos, Kircher and Virag (2011, IER) show how does firms' market power in a finite market lead to misallocation of workers, hence efficiency loss; they find that unemployment benefit could restore the efficiency, while the minimum wage can not. I suggest that it is important to make distinction between the qualitative existence of the market power and its quantitatively asymmetric impact when firms are heterogenous, and this distinction leads us to spot the distortion on allocation of surplus. Neither unemployment benefit nor minimum wage alone could correct the misallocation of labor and surplus at the same time, while a combination of both policies could. I further question the windfall nature of unemployment benefit, and show that if unemployment benefit is redistributively financed by the firms, misallocation of labor can never be rectified, while if it is financed by workers' wage tax, efficiency can result.

Introduction

Based on a wage posting context with search friction, Galenianos, Kircher and Virag (2011, IER) (hereafter GKV) argue that "firms in a finite market1 enjoy market power, in the sense that a single firm's action affects the equilibrium outcome of all agents"; they show that with firms heterogenous in productivity and workers all identical, there is efficiency loss when the social planner's objective is to maximize the aggregate welfare. They further establish that unemployment benefit could restore the efficiency, while the minimum wage leads to further misallocation of labor.

There is an immediate inconsistency in their exposition: given their definition for the market power in a finite market, their result should have still been true in the particular case where firms do not differ in productivity; However, it is straightforward to observe that with firms identical in productivity, the market allocation of labor corresponds exactly to the social planner's allocation, hence there would be no longer efficiency loss in the sense of GKV (2011). What is the cause for this "disappearance" of firms' market power? I argue that the efficiency loss in their paper is in fact due to a compounded effect of two layers: (1) on the one hand, qualitatively, there is the classical notion of market power, which in our context is interpreted as individual firm's ability of using its posted wage to modify the labor supply curve; (2) on the other hand, quantitatively, there is what I term as the "asymmetry of market power" in the sense that the market power of firms with different productivity has asymmetrically different impact in magnitude to the allocation of workers. Both effects take place when firms are heterogenous in productivity, which is studied in GKV (2011); in case heterogeneity is absent, still present is the first effect, which contributes to the distortion on the allocation of surplus: firms tend to pay workers too less and grasp more surplus (or profit). And this distortion on surplus could be confirmed through decentralizing the social planner's problem. Our first result then simply shows that firms earn too much expected profits and the workers receive too few expected surplus and actual wage compared to the case absent of market power. As we will argue, confounding the two effects does not invalid their analysis on efficiency loss, but raises more concern for the policy maker. GKV (2011) further show that introducing unemployment benefit could restore the efficiency; but introducing minimum wages exacerbates the misallocation of labor (related to asymmetry of market power), leading to further efficiency loss. I come up with several suggestions to complement their results. Firstly, I show that even introducing unemployment 4.2 The model 119 benefit at the level which allows efficiency to be restored, workers' expected surplus is still lower than the socially optimal level. Secondly, although minimum wage detriments aggregate welfare by increasing misallocation of labor, there exists a feasible value of it which could fully correct the misallocation of surplus. In this sense, unemployment benefit is not necessarily a dominant choice over minimum wage. Thirdly, a proper level of combination of both policies a la GKV can correct both misallocations. I then argue further that direct comparison of the two policies is not appropriate, because between them lies another sharp difference -the source of funding. Notice that the unemployment benefit in GKV ( 2011) is introduced in a windfall manner. I suggest that it is more appropriate to consider a situation where this unemployment benefit is financed redistributively. I consider two situations: either the unemployment benefits are collected from the firms by unemployment tax or from the workers by wage tax. It is then shown that under the former taxation system, the efficiency in the sense of GKV (2011) does not obtain, but under the latter efficiency does obtain.

As a quick summary, we revisit GKV (2011) from a traditional Industrial Organization perspective. On one hand, taking both misallocation of labor and surplus into account necessitates us to rethink over the effectiveness of the policies involved; on the other hand, it allows us to have an impression on the possible phenomena which can appear after the policy is implemented; for example, if we believe that firms have market power and introduce the unemployment benefit in a windfall manner, then we expect to observe an increase in unemployment rate and wage gap, but we know that it is for the benefit of aggregate welfare. The consideration of such a finite labor market where firms have market power is of realistic importance. For example, [START_REF] Shimer | Mismatch[END_REF] mentions that if we segment labor market by the characteristics pair "occupation, geographical area", then a small number of vacancies may be potentially facing just a little above 10 job seekers per segment of the market.

The paper is organized as follows. In section 2.1, 2.2 and 2.3, I will recapitulate the original model with my remarks; in section 2.4, I state my arguments; in section 3, I consider the source of funding, and I will conclude in section 4.

The model

Consider an economy with two types of agents: the workers and the firms. We focus on the case with two workers and two firms, it allows us to capture most of the important results within a relatively simple context. "Market Power and Efficiency in a Search Model" Revisited Intuitively, a high wage will induce more workers to apply, however, it leaves few ex post surplus to the firms. The dependence of the worker's application strategy on wage, i.e. a functional relationship between α and w, is captured by

G α B 1 × w 1 = G 1 -α B 1 × w 2
for worker A, and

G α A 1 × w 1 = G 1 -α A 1 × w 2
for worker B, where the left-and right-hand side are respectively the expected payoff from applying to firm 1 and firm 2. Since workers are identical, they use the symmetric strategy:

α A j = α B j = α j .
The payoff is thus reduced to 1 -(1α 1 ) 2 (y 1w 1 ) for the firms, and G (α 1 ) × w 1 = G (1α 1 ) × w 2 for workers.

We consider firm 1's optimization problem. Taking firm 2's strategy w 2 , as well as the functional relationship between α 1 and w 1 as given, firm 1 maximizes the expected profit:

max w 1 1 -(1 -α 1 ) 2 × (y 1 -w 1 ) s.to 1 -α 1 2 × w 1 = 1 -α 2 2 × w 2
To solve this problem, we firstly substitute out w 1 according to the binding indifference constraint.

1

-(1 -α 1 ) 2 × y 1 -1 -(1 -α 1 ) 2 × 1 + α 1 2 -α 1 × w 2
Differentiating with respect to α 1 , we obtain the first order condition where the second equality comes from workers' labor supply curve. Rearrange to get

y 1 y 2 = (1 + 2 α1 ) × (2 -α1 ) × (1 -α2 ) (1 + 2 α2 ) × (2 -α2 ) × (1 -α1 )
where α2 = 1 -α1 . The right-hand side hence is a function of α1 . It could be shown that the right-hand side is increasing, so that there is a unique solution to this polynomial. Term the solution as α1 (y 1 , y 2 ). According to the first order conditions, the equilibrium wages are then given by ŵ1 (y 1 , y 2 ) = 2 (1 -α2 (y 1 , y 2 )) × y 2 (1 + 2 α2 (y 1 , y 2 )) and ŵ2 (y 1 , y 2 ) = 2 (1 -α1 (y 1 , y 2 )) × y 1 (1 + 2 α1 (y 1 , y 2 ))

Results (GKV) 1. When y 1 > y 2 ,

(1) The workers application strategies are such that α1 > 1 2 > α2 (2) The wages are such that ŵ1 > ŵ2

(3) The expected unemployment rate is 1 2 × 1 -2 α1 + 2 ( α1 ) 2

A high productivity firm in the equilibrium offers higher wage and attracts the workers to visit them more often than the low productivity firm.

Market payoff and market power

Given the wage announcements, workers are allowed to calculate the corresponding expected payoff at each firm which is a product of the actual wage and the probability of obtaining it. Based on all these calculated expected payoffs, workers decide which firm to apply to: for example, if the expected payoff from firm 1 is strictly lower than that provided by firm 2, then no workers will apply to firm 1.

"Market Power and Efficiency in a Search Model" Revisited

To attract a worker, firm 1 should offer an expected payoff such that 2-α 1 2 × w 1 ≥ 2-α 2 2 × w 2 , analogously, firm 2 should offer an expected wage such that 2-α 2 2 × w 2 ≥ 2-α 1 2 × w 1 . The workers' supply curve is hence pinned down: 2-α 1 2 × w 1 = 2-α 2 2 × w 2 . Then when we search for a mixed strategy equilibrium, each firm understands that the expected payoff offered by it must attain certain reference level, which is the expected payoff offered by the other firm. This reference level depends on the wages posted by both firms, 2 which implies that an individual firm's action has impact on workers' supply curve. In this sense, we say that firms have market power.

To see more exactly why market power is distortive, it is useful to introduce an aggregate variable U named market payoff, which is defined as the payoff that workers receive in the equilibrium of the subgame, or equivalently U = max {U 1 ,U 2 }. So that 2-α 1 2 × w 1 = 2-α 2 2 × w 2 = U (w 1 , w 2 ). By this equality, We can express α 1 (and analogously α 2 ) as a function of w 1 and w 2 as follows:

α 1 = 2 × 1 -U(w 1 ,w 2 ) w 1
Differentiating with respect to w 1 , we obtain:

dα 1 dw 1 = ∂ α 1 ∂ w 1 >0 + ∂ α 1 ∂U <0 × ∂U ∂ w 1 >0
In case ∂U ∂ w j = 0, an individual firm's strategy has no impact on the aggregate variable U, and I show later that in this case the socially optimal allocation can result. Here, ∂U ∂ w j > 0, so a distortive term ∂ α 1 ∂U × ∂U ∂ w 1 is present; this term introduces a wedge in the marginal benefit for the firms, leading firms to post lower wages.

The social planner's problem

We move to the social planner's problem, and establish that the market allocation differs from the social planner's allocation. The social planner maximizes aggregate welfare of the economy, which coincides with the aggregate output due to risk neutrality. The objective is written as follows:

max α 1 ,α 2 1 -(1 -α 1 ) 2 y 1 + 1 -(1 -α 2 ) 2 y 2 s.to α 1 + α 2 = 1
It could be shown that the social planner's allocation features 2 From the labor supply curve, we observe that α 1 (hence α 2 ) is a function of both w 1 and w 2 . The result suggests that in the market economy workers apply to the high productivity firm less frequently. When market payoff depends on wages, an additional term will distort downwards marginal benefit, which renders firms' profits to be maximized at inferior levels of wage. When both firms reduce wages, the high productivity firm reduces wage disproportionately to a larger extent, which results in the misallocation of workers. There is also implication on the expected unemployment rate. Notice that the expected unemployment rate, 1 2 × (α 1 ) 2 + (1α 1 ) 2 , is a parabola, decreasing for α 1 ∈ 0, 1 2 , minimized at α 1 = 1 2 , and increasing for α 1 ∈ 1 2 , 1 . In the market economy, this rate is simply lower compared to the social planner's problem, and it is because workers apply to the low productivity firm too often. Hence, there is a conflicting objective between minimizing the expected unemployment rate and maximizing the aggregate welfare.

Policy implications

GKV (2011) then show that: Unemployment benefit can restore efficiency, while minimum wage can not. Let me give more details on how they obtain the result.

Minimum wage. When minimum wage policy is effective, the low productivity firm's wage is raised mechanically to a higher level. This leads firm 2 to attract even more frequent application from workers, hence further exacerbates the problem of the misallocation of labor, pushing the economy further away from efficiency.

Technically, suppose now that the government intervenes by imposing a minimum wage level w 2 . Notice that in case w 2 < ŵ2 , the minimum wage policy simply affects no firm and has no impact. We hence focus on the case where we have w 2 ≥ ŵ2 , so that when this minimum wage policy is enforced, the equilibrium value of wage announced by firm 2 will be simply w 2 instead of ŵ2 . When this minimum wage is effective for firm 2, firm 2 is not able to maximize profit. From workers' indifference equation 2-α 1 2 × w 1 = 2-α 2 2 × w 2 , we express simply workers' application strategy α 1 as a function of w 1 , w 2 . Let firm 1 maximize with respect to w 1 , from its first order condition 2 1 -α1 × y 1 -1 + 2 α1 × w 2 = 0, we notice that α1 is simply inferior to α1 . This implies that the misallocation is even more severe compared to the case where minimum wage is not introduced.
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"Market Power and Efficiency in a Search Model" Revisited I then suggest that even when the allocation of labor is not distorted, the allocation of surplus can be distorted: firms can enjoy higher expected surplus than they would have if they do not take their market power into consideration.

To show that in the market economy firms enjoy higher expected surplus and workers suffer from lower expected surplus, it suffices to decentralize social planner's problem, and then make the comparison. Formally, according to section 2.1.1., in the decentralized social planner's problem we could simply neglect the firms' taking into account of their market power by forcing the aggregate variable market payoff U invariant to any individual firms' price variation, i.e. ∂U ∂ w j = 0. For example, firm 1's problem now becomes:

max w 1 1 -(1 -α 1 ) 2 × (y 1 -w 1 )
s.to 1 -α 1 2 × w 1 = U where U is invariant to w 1 and w 2 . Solving the first order condition, we obtain that U = 1α D 1 y 1 . Analogously, we obtain U = 1α D 2 y 2 from firm 2's optimization problem. By these two equalities we obtain y 1 y 2 =

1-α D 2 1-α D 1
, which pins down the level of α D 1 . We verify that the so obtained α D 1 coincides with social planner's allocation α D 1 = α p 1 . We have then the following proposition: Proposition 1. Compared to the efficient level, in the market economy (1) firms enjoy higher expected surplus and workers suffer from lower expected surplus; (2) workers suffer from lower actual wages.

Proof. In the Appendix.

As remarked above, when the market payoff depends on wages, a distortive term in the firm's marginal benefit arises, which leads firms to post lower wages when they maximize profit. This suggests that the surplus is misallocated towards the firms, and the low wages imply low market payoff. In total there is deadweight loss and the aggregate output is lower. It is also important to point out that when market power is present, the equilibrium functional relationship between the wage w j and the application strategy α j is different in problem of the market economy compared to that of the decentralized economy. So that even if the allocation of labor is corrected to the socially optimal level, the misallocation of surplus persists -a result summarized in the following corollary.

Corollary. Even if we replace α1 by α p 1 in the market economy, the resulted workers' expected surplus is lower than its efficient level. 1 could be rectified to the efficient level α p 1 ; so that the aggregate output where unemployment benefit is introduced could reach the socially optimal level.

1 -1 -α b 1 2 y 1 + 1 -1 -α b 2 2 y 2 = 1 -1 -α p 1 2 y 1 + 1 -1 -α p 2 2 y 2
However, in the section 2.4.1 we see that this merely corrects the misallocation of workers, not the misallocation of surplus. Now define the level of b at which the efficiency is restored in the sense of GKV (2011) as b A . We have the following result showing that even taking into account this b A , workers' expected surplus is inferior to its efficient level. Define the workers' expected surplus in the market economy with unemployment benefit as U b A , we have the following proposition: Proposition 2. In the market economy augmented with unemployment benefit b A , the workers' expected surplus U b A is strictly lower than the efficient level U p .

Proof. In the Appendix.

As a result, if the allocation of labor and of surplus are both of concern, the level b required to correct the misallocation of labor does not at the same time bring workers' surplus back to its efficient level. If we further increase b beyond b A , we are able to increase further the workers' surplus; however, the misallocation of labor will be distorted again, but to such an extent that workers apply too often (more than the efficient level) to the high productivity firm, where they are employed at less frequent basis. Hence, if b is the only instrument at the policy maker's disposal, both misallocations can not be addressed at the same time. We have the following comparative statics to see how the productivity gap has impact on firms' market power. Proposition 3 (comparative statics). The level of b A increases with the productivity gap y 1y 2 .

Proof. In the Appendix.

The result suggests that as the productivity gap becomes larger, the level of b required to correct the misallocation of labor increases. Intuitively, as the productivity gap increases, "Market Power and Efficiency in a Search Model" Revisited the reduction of wage from the high productivity firm becomes more and more important relatively to that from the low productivity firm, which increasingly worsens the misallocation of labor.

Policy 2: Minimum wage. In GKV (2011), it is shown that minimum wage has the effect of discouraging the workers from visiting the high productivity firm, leading to misallocation of labor. By this, GKV (2011) concludes that minimum wage is a less effective political instrument compared to unemployment benefit. This result should be taken with caution. Indeed, although minimum wage further distorts the allocation of labor, it increases workers' expected surplus, hence can correct the misallocation of surplus: Proposition 4. There exists a level of w c ∈ ( ŵ2 , y 2 ) such that the misallocation of surplus can be completely corrected.

Proof. In the Appendix.

A sharp difference between the minimum wage and the kind of unemployment benefit introduced by GKV (2011) is that the former does not cost government's budget -in their context, the unemployment benefit is essentially regarded as coming from external resourcesa windfall. Since Proposition 2 implies that the level of b required to correct the misallocation of surplus is greater than that required for the misallocation of labor, minimum wage is more effective in correcting the surplus distortion. Before entering into the next section, we suggest the natural result that a combination of unemployment benefit and minimum wage can correct the misallocation of labor and surplus at the same time:

Corollary. Introducing a proper level of unemployment benefit, together with minimum wage, can correct both the misallocation of labor and misallocation of surplus.

Proof. In the Appendix.

Further discussions 4.3.1 On funding source of unemployment benefit

In this section, we focus exclusively on the misallocation of labor. We want to examine whether GKV (2011)'s result on unemployment benefit could still hold if the funding source is not of a windfall manner. Given that firms enjoy extra profit from their market power, 4.3 Further discussions 131 a natural starting point is a type of redistributive economy where the firms pay for the unemployment consequence caused by themselves.

We name now the taxation system in GKV(2011) as system A. We then follow Geromichalos (2014) to study one type of funding for unemployment benefit which we call taxation system B: given an unemployment benefit level b, each firm pays to each worker who applied to it but did not get employed an equal amount of unemployment benefit. We have the following program for firm 1 (firm 2's problem is analogous), where α 2 1 represents the probability with which firm 1 has to pay the workers who applied to it but ended up not being selected by it. And We have the following proposition for the results: Proposition 5. In system B, there exists no unemployment benefit level b B such that the efficiency is restored in the sense of GKV(2011).

Proof. In the Appendix. If we compare system B with the economy with no unemployment benefit, the introduction of the term α j 2 b on one hand increases the marginal cost of firms, giving firms incentive to lower wage; on the other hand, workers demand higher wages due to the raised outside option b. Which effect dominates? My analysis shows that, the high productivity firm further decreases its wage hence the former effect dominates, while the low productivity firm increases its wage, hence the latter effect dominates. Recall that without unemployment benefit, both firms actually post too low wages, we can conclude that introducing this taxation system does not restore the efficiency caused by misallocation of labor.

We now propose another source of funding for the unemployment benefit: workers' wage taxation. We show that under this system the misallocation of labor could be corrected. Suppose workers pay a tax T when they get matched, and they will receive an amount η × T whenever they end up unemployed, where η is a scalar which keeps the planner's budget non-negative. When a worker applies to firm 1, her expected payoff is 1 -α 1 2 × (w 1 -T ) + α 1 2 ηT ; since she applies to firm 1 with probability α 1 , her contribution to the tax system when applying to firm 1 is: α 1 × 1 -α 1 2 × (-T ) + α 1 2 ηT . When she applies to firm 2,
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"Market Power and Efficiency in a Search Model" Revisited she expects 1 -α 2 2 × (w 2 -T ) + α 2 2 ηT ; since she applies to firm 2 with probability α 2 , her corresponding contribution to the tax system is: α 2 × 1 -α 2 2 × (-T ) + α 2 2 ηT . Since we require that η is such that the planner does not have any contribution, the system should be self-financing: )

α 1 × 1 -α 1 2 × (-T ) + α 1 2 ηT + α 2 × 1 -
-1 > 2 -1 = 1.
So that one unit of wage taxation can be redistributively translated into η > 1 units of unemployment benefit. The important implication is that the planner could simply adjust the amount of unemployment benefit from ηT to T , by which the planner can gain some extra budget and there is always a T such that the misallocation of labor is corrected. To see how, we replace ηT by T , and since workers are indifferent from applying to any firm, we require 1 -α 1 2 × (w 1 -T ) + α 1 2 T = 1 -α 2 2 × (w 2 -T ) + α 2 2 T , which could be rewritten as 1 -α 1 2 × (w 1 -2T ) = 1 -α 2 2 × (w 2 -2T ). And the firm 1's problem (firm 2's problem is similar) becomes:

max w 1 1 -(1 -α 1 ) 2 × (y 1 -w 1 )
s.to 2-α 1 2 × (w 1 -2T ) = 2-α 2 2 × (w 2 -2T ) Replacing 2T by b, GKV (2011) show that there is always a b (hence T ) such that the misallocation of labor is corrected. As a quick summary, we have shown that the redistributive wage taxation system is superior compared to the redistributive unemployment benefit system where the firms pay the bills, because the former allows the misallocation of labor to be rectified, and may allow the government to earn extra budget. In the following section, we consider another type of policy intervention: imposing wage to be a fixed proportion of productivity.

Imposing wage to be a fixed proportion of productivity

Consider the case where wages are forced to represent a fixed proportion of productivity. Specifically, workers receive a fixed part of production β y 1 from firm 1 or β y 2 from firm 2, and firm 1 receives (1β ) y 1 and firm 2 receives (1β ) y 2 . Workers know which firm is of which level of productivity, and they are still able to choose where to apply. The timing is as previous. We are interested in the case where workers are indifferent from applying to high and low productivity firms where they anticipate receiving β y 1 and β y 2 respectively, and the indifference condition becomes , and the market level α1 which is determined by 1-α1 ) . It could be shown that we have

y 1 y 2 = (1+2 α1 )×(2-α1 )×(1-α2 ) (1+2 α2 )×(2-α2 )×(
α1 < α p 1 < α NB 1
Hence, workers apply to the high productivity firm too often with fixed sharing rule. Secondly, we are interested to see how this rule affects the allocation of surplus. For this sake, we define β such that workers' expected surplus with bargaining achieves the socially optimal level U p . Accordingly, β NB is determined by Claim. With fixed sharing rule β NB such that workers' expected payoff is equal to U p , (1) the high (low) productivity firm offers higher (lower) wage compared to the case where wages are posted.

(2) both the high and low productivity firm earn lower profit compared to the case where wages are posted.

Proof. In the Appendix.

I compare this policy experiment with minimum wage. Recall that introducing minimum wage reduces the wage gap, and leads the workers to apply to the low productivity firm more often compared to the socially optimal case; With the fixed sharing rule, which introduces a perfect correlation between the wage of high and low productivity firms, the result is reversed: the wage gap widens, and the workers apply to the high productivity firm too often.

Conclusion

In this paper, I revisit GKV (2011), and emphasize the distinction between the qualitative existence of market power and its quantitatively asymmetric impact due to productivity heterogeneity. Making this distinction allows me to spot the misallocation of surplus, apart 5 The condition of y 1 < 2y 2 should be imposed to make sure that 0 < α NB 1 < 1.
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"Market Power and Efficiency in a Search Model" Revisited from the misallocation of labor which is central in their context. I reexamine unemployment benefit and minimum wage policy on both misallocations. I then question the windfall nature of the unemployment benefit, and propose to study the case where this benefit is financed redistributively. If unemployment benefit is financed by the firms, efficiency can never result, but if it is financed by workers' wage taxes, efficiency can obtain.

To how much extent are the results robust? My preliminary analysis shows that all the results could hold true when we have finitely many firms and workers while limiting the degree of productivity heterogeneity to be two. At last, it may be argued that in GKV (2011), the misallocation of surplus is not crucial in the sense that the efficient level of aggregate welfare can be achieved as long as there is no misallocation of labor. The underlying reason for this particular result is the over-simplified functional form for the surplus of firms and workers. For example, it is straightforward to check that adding risk aversion will make the wages appear in the aggregate welfare, which makes the difference. We consider it as the direction for the next step of the current work.

Appendix

Proposition 1. Compared to the efficient level, in the market economy (1) firms enjoy higher expected surplus and workers suffer from lower expected surplus; (2) workers suffer from lower actual wages.

Proof. (1) Firstly, we prove that workers suffer from lower expected surplus. In the market economy, the level of market payoff is simply

U M = 2-α1 2 × ŵ1 2 (1 -α2 ) × y 2 (1 + 2 α2 ) = 1+ α2 (1+2 α2 ) × (1 -α2 ) × y 2
While the level of market utility in the planner's economy is simply

U p = 1 -α p 2 × y 2
Since 1+ α2 (1+2 α2 ) < 1, and (1 -α2 ) < 1α p 2 , we have the result U M < U p for the workers.

Seconly, we prove that firms enjoy higher surplus. In the market economy firm 2's expected surplus, after some arrangement, is 4.5 Appendix 135

π M f irm2 = 1 -(1 -α2 ) 2 y 2 - 1 + α2 1 + 2 α2 × 2 α2 (1 -α2 ) y 2
While in the decentralized economy, firm 2's expected surplus, after some arrangement becomes

π D f irm2 = 1 -1 -α p 2 2 y 2 -2α p 2 × 1 -α p 2 y 2
Since α2 > α p 2 , 1+ α2 1+2 α2 < 1 and π D f irm2 is increasing in α p 2 , we have

π M f irm2 > 1 -(1 -α2 ) 2 y 2 -2 α2 (1 -α2 ) y 2 > π D f irm2
As for firm 1, its surplus in the market economy is

π M f irm1 = 1 -(1 -α1 ) 2 (y 1 -ŵ1 )
where α1 and ŵ1 should satisfy the workers' indifference condition which can be rearranged to α1 = 2 ŵ1 -ŵ2 ŵ1 + ŵ2 . We notice that α1 is increasing in ŵ1 and decreasing in ŵ2 according to this relationship.

While in the decentralized economy, firm 1's expected surplus is . Again, α p 1 is increasing in w p 1 and decreasing in w p 2 . We have where the first inequality is due to revealed preference, and the second inequality is due to the fact that ŵ2 < w p 2 , a result which we are going to prove in the part 2 of the proof. (2) Firstly, we prove ŵ1 < w p 1 . We have ŵ1 = 

π D f irm1 = 1 -1 -α p
π M f irm1 = 1 -(1 -α1 ( ŵ1 , ŵ2 )) 2 (y 1 -ŵ1 ) > 1 -1 -α1 w p 1 , ŵ2 2 y 1 -w p 1 > 1 -1 -α1 w p 1 , w p

  being non-increasing IC, IR and Zero Profit condition. With standard procedure in contract theory (see, e.g. Laffont and Martimort (2001)), and following Guerreri (2008), we could further simplify the IC and IR conditions such that it 1.3 Competitive search with endogenous separations 25 suffices to solve the following program:

  Search Equilibrium under Asymmetric Information 1.6 Appendix 1.6.1 Proof of the Proposition 1

Proposition 1 .

 1 (return to skills) Given the return to skill ratio y H -y L E H -E L , define β asy H -y L E H -E L = e β .

  β y H -E H > e -β y L -E L 0 or 1 when e -β y H -E H = e -β y L -E L 0 when e -β y H -E H < e -β y L -E LIt turns out that the threshold which makes workers indifferent is the same as β established under Notion 2.

•

  (P1) α a = 1 and α b = 1: group a -high, group b -high • (P2) α a = 1 and α b = 0: group a -high, group b -low • (P3) α a = 0 and α b = 1: group a -low, group b -high • (P4) α a = 0 and α b = 0: group a -low, group b -low

Fig. 3 . 1

 31 Fig. 3.1 Equilibrium depending on β

  it can be verified that ψaL,b ≤ ψbH,a < ψbL,a < ψaH,b . (1) We first prove for values of ψ ∈ 0, ψaL,b , the unique pure strategy Nash equilibrium is (aL, bL): group a choose low skill, group b choose low skill. Holding group b high skilled, group a choose to be low skilled, because ψ < ψaL,b < ψbH,a . Holding group b low skilled, group a choose to be low skilled, because ψ < ψaL,b < ψbL,a . Holding group a high skilled, group b choose to low skilled, because ψ < ψaL,b < ψaH,b . Holding group a low skilled, group b choose to be low skilled, because ψ < ψaL,b . At the point ψ = ψaL,b , the equilibrium can be (aL, bH) or (aL, bL).

3. 7

 7 Appendix 113 because ψ > ψbH,a . Holding group b low skilled, group a choose to be high skilled, because ψ > ψbL,a . Holding group a high skilled, group b choose to low skilled, because ψ < ψaH,b . Holding group a low skilled, group b choose to be high skilled, because ψ > ψaL,b . At the point ψ = ψaH,b , the equilibrium can be (aH, bL) or (aH, bH).

2 ( 1 -( 1 - 2 = ( 1 + 2 α1 ) × w 2 ( 1 + 2 α2 ) × w 1 = ( 1 +

 1121221211 α1 ) × y 1 -(1 + 2 α1 ) × w 2 = 0If we proceed analogously for firm 2, we have2 (1 -α2 ) × y 2 -(1 + 2 α2 ) × w 1 = 0Moving the terms with w 1 and w 2 to the right-hand side respectively and make the ratio, we obtain 4.2 The model123 α1 ) × y 1 (1 -α2 ) × y 2 α1 ) × (2 -α1 ) (1 + 2 α2 ) × (2 -α2 )

1 1 -α p 1 Result 2 (

 112 GKV): α p 2 < α2 < 1 2 < α1 < α p1

1 :

 1 Unemployment benefit. In the section 2.3, GKV (2011) show that unemployment benefit could restore the efficiency: by introducing a proper level of b, α b

max w 1 1 -( 1 -α 1 ) 2 ×

 1112 (y 1w 1 ) -(α 1 ) 2 b s.to 2-α 1 2 × (w 1b) = 2-α 2 2 × (w 2b)

α 2 2 × 2 (α 2 1 +α 2 2 )- 1 . Since α 2 1 + α 2 2 < (α 1 + α 2 ) 2 = 1 , we have η ≥ 2 (α 2 1 +α 2 2

 22221221221222 (-T ) + α 2 2 ηT ≥ 0 Assuming T to be positive, it could be cancelled out. Rearranging, we obtain: η ≥

β y 2 Notice that α NB 1 is determined by y 1 and y 2 , 1 with the socially optimal level α p 1 which is determined by y 1 y 2

 21212 and does not depend on β due to risk neutrality.5 Firstly, we are interested in the comparison of α NB

2 -α NB 1 (y 1 ,y 2 ) 2 × 2 (y 1 ,y 2 ) 2 ×

 2112212 β NB y 1 = 2-α NB β NB y 2 = U p .We have the following claim summarizing the main results.

1 2y 1 -w p 1 where α p 1 and w p 1

 1111 should also satisfy workers' indifference condition which can be rearranged as α p 1 =

2 2y 1 -w p 1
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  incentive contract introduces an age-increasing wage. More precisely, by setting w AI H,1 < w * H < w AI H,2 , the agents who would choose to quit the labor market early are discouraged from applying. The mechanisms which lead to firms' over-compensation, i.e. w AI H,1 + β w AI H,2 > (1 + β )w * H , share the same interpretation as the previous section. We move now to the next proposition on the separation threshold: Proposition 8. The threshold of the pooling equilibrium is such that ĥAI < ĥFI . Proof. By definition, we should have U AI

H ( ĥAI ) = U AI L ( ĥAI ) and U * H

  Holdup and Hiring Discrimination with Search FrictionHolding group b low skilled, group a's best response depends on the comparison between U P2 aH and U P4 aL . It turns out that for all values of β < β

	Due to the continuity of U P1 aH (β ) and U P3 aL (β ) on
	β , there exists at least one β1 < β such that U P1 aH β1 = U P3 aL	β1 . According to the
	assumptions on the uniqueness of the intersection point, we have U P1 aH (β ) > U P3 aL (β ) for
	β < β1 , and U P1 aH (β ) < U P3	

aL (β ) for β > β1 .

A la théorie de la recherche d'emploi concurrentielle, l'information sur ces rendements ex-post correspondants est parfaitement observable. Ainsi, une segmentation optimale se produit à l'équilibre: les 'bons' et 'mauvais' travailleurs sont attirés à des marchés spécifiques. Cela conduit à la vue classique que le marché donne plus de chances de manière optimale aux bons travailleurs: le processus de segmentation est appliqué aux travailleurs les moins rentables. On peut alors avoir tendance à croire que le coût associé à ces risques de rendements hétérogènes est supporté par les travailleurs, la «discrimination optimale» étant pris en charge par ces agents mauvais.

Nous disons que les mauvais travailleurs sont victimes de discrimination en ce sens que leur utilité espérée de la recherche d'emploi est moins que proportionnelle par rapport aux bons travailleurs. Nous ne voulons pas dire que les entreprises préfèrent toujours embaucher mauvais travailleurs aux bons travailleurs. Les entreprises sont effectivement ex ante identiques, et indifférentes à l'announce de salaire long terme ou des contrats à court terme.

Si nous interprétons ces 'périodes' comme la durée du contrat de travail dans une entreprise soumise à d'importants coûts de chiffre d'affaires, l'option extérieure est liée aux préférences privées des travailleurs pour le type de travail qu'elles aiment faire, l'emplacement, possibilités d'emploi, etc. ... Nous modélisons ces différentes options comme une option à l'extérieur de forme réduite. Alternativement, on peut interpréter cette option à l'extérieur comme la réalisation des risques liés à la maternité ou à la santé, qui est donc exogène. Enfin, si nous pensons au marché du travail des travailleurs âgés, on peut interpréter l'option à l'extérieur comme la valeur de la retraite, considéré comme exogène.

Cette restriction de l'échange agit comme une sorte de contrainte de capacité qui joue le rôle crucial dans la résolution du problème d non-existence d'équilibre dans RS (1976): lorsque les agents ne sont pas en mesure d'obtenir un contrat avec une probabilité 1 (en raison de la coordination friction), ils se livrent activement à un sous-jeu à maximiser leur utilité espérée liée à la recherche d'emploi optimale, ce qui est la solution d'un compromis entre le salaire et la probabilité de l'obtenir.

Cette compétition intra-groupe est liée à la restriction qu'une entreprise ne peut embaucher que nombre limité de travailleurs et que chaque travailleur ne peut envoyer que nombre limité de postulations.

In competitive search equilibrium, the information on these ex-post matching returns is perfectly observable. Thus, an optimal segmentation occurs at the equilibrium: the 'good' and 'bad' workers are attracted to specific markets. This leads to the conventional view that the market gives optimally more chances to 'good' workers: the segmentation process is applied to the less profitable workers. One may then have the tendency to believe that the cost associated with these risks of heterogenous returns are borne by workers, the 'optimal discrimination' being borne by these 'bad' agents.

[START_REF] Acemoglu | Holdups and efficiency with search frictions[END_REF] We say the 'bad' workers are discriminated against in the sense that their expected utility from search is less than proportional compared to the good workers. We do not mean that the firms always prefer hiring bad workers to good workers. Firms are actually ex-ante identical, and indifferent to posting long term or short term contracts.

If we interpret these 'periods' as the duration of the employment contract in a firm submitted to large turnover costs, the outside option is related to the workers' private preferences for the type of work she likes to do, location, alternative job opportunities etc... We model these diverse options as a reduced-form outside option. Alternatively, one can interpret this outside option as the realization of risks linked to maternity or to health, which is thus exogenous. Finally, if we think at the labor market of the older workers, one can interpret the outside option as the retirement value, considered as exogenous.

This trading restriction acts as a sort of capacity constraint that plays the crucial role in resolving the RS non existence problem: when agents are not able to obtain a contract with probability 1 (due to coordination friction), they engage themselves actively in a subgame to maximize their expected payoff related to optimal search, which is the solution of a trade-off between the wage and the probability of obtaining it.

G (h) is the CDF of the random variable h, g (h) is the pdf of h, and u ′ is the marginal utility.

It would be useful to think of the following activities as examples:(i) mobilities toward another sector or toward another geographical area, (ii) non-participation due to disability or retirement

Introducing more types does not alter the main results, we stick to this case for the ease of exposition and refer interested readers to GSW (2010) for discretely many types.

Following Acemoglu and Shimer (1999), we make use of the concept of submarket, where each firm, although ex ante homogeneous, will choose which type of agents to attract.

In terms of directed search, the queue length is the expected number of applicants from a job seeker's perspective, as in[START_REF] Acemoglu | Efficient unemployment insurance[END_REF].

Competitive search could be understood as directed search in a large economy, in the sense that when the number of agents tends to infinity, individual deviations are not able to alter the payoff expected from the market. Galenianos and Kircher (2012) demonstrated this result.

In general, this uncertainty can be related to a 'negative' or a 'positive' shock. Examples for negative shock can be productivity drop, disability etc..., in which case z 2 ≤ z. An example for the interpretation as a positive shock is job-to-job transition.

If firms are allowed to attract both types of workers at the same time, firms are showing a portfolio problem where workers with higher value of p are always hired in preference to the workers with lower value of p. The problem is more complex, and we refer interested readers to[START_REF] Shi | Wage differentials, discrimination and efficiency[END_REF] for more details.

We refer the readers to proof of Proposition 4 for this.

In[START_REF] Salop | Self-selection and turnover in the labor market[END_REF],there is no efficiency gain from introducing this self-selection mechanism, because both workers and firms are risk-neutral.

If the outside option of the worker is an alternative job in another area, sector... the information of this job prospect is not directly observed by the employer. In the same spirit, if the outside option of the worker

With ex ante heterogeneity under asymmetric information, the employers' problem is to screen the undesirable types and to induce self-selection among the pool of workers knowing their characteristic before the employment relationship is established (ex ante).

With this framework, we do not limit the heterogeneity to a match-specific event, but we also account for permanent distributions in outside opportunities that are available in different sectors/geographic areas or in preferences for inactivity.

This assumption is not in contradiction with the empirical fact that the hazard rate of separations declines with the tenure (see e.g.[START_REF] Farber | The analysis of interfirm worker mobility[END_REF]). Indeed, the share of the "bad-type" workers declines in the population of worker having a long tenure. Hence, even with a constant separation rate during the contract, the heterogeneity of the worker population can lead to a decreasing relation between separation and tenure.

Even if the tenure' contribution is not the largest component of the wage growth, all empirical studies show that it is significant and concave: see Altonji and Williams (1998) or Bagger, Fontaine, Postel-Vinay and Robin (2014).

We still assume there are only two types to avoid multi-dimensional heterogeneity.

Remark that another scenario implying a tenure-decreasing p is a case where past experiences of frequently unemployment episodes may discourage workers to search for an alternative opportunities (loss of trust, stigmatization effect...).

This Two-Part Wage device requires that a new employee pays the firm an entrance fee, in return for which she will receive in the subsequent periods a higher wage (the wages increase with the tenure of the workers). In the equilibrium, the workers should pay for their own turnover costs. This is equivalent to saying that this worker pays a deposit which is a guarantee corresponding to the consequences of the lack of commitment.

The elasticity for the workers' job finding rate and the elasticity for the firms' hiring probability admit the following relationship: ε F (q p ) = ε H (q p ) -1.

(w * L and w * H will coincide when p L → p H )

This first case is close to many models of labor market where the agents' horizons are bounded: see Cheron,[START_REF] Chéron | Age-dependent employment protection*[END_REF] 

2013), or Menzio, Telyukova and Visschers (2015).[START_REF] Acemoglu | Holdups and efficiency with search frictions[END_REF] Since the middle of the 90s, the retirement choices are central for the policy maker, given the problems associated to financing of the Pay-As-You-Go system. Theoretical and empirical works also show how the labor market status interacts with this retirement choice: see[START_REF] Coile | Bulls, bears, and retirement behavior[END_REF][START_REF] Shimer | Mismatch[END_REF], 2011), Hairault, Langot and Sopraseuth (2010) and Hairault, Langot and Zylberberg (2015).[START_REF] Albrecht | Matching with multiple applications revisited[END_REF] This model accounts for information that becomes available after a first part of career: workers have heterogeneous working conditions, leading to a heterogeneity in the wealth and/or health distributions, and thus, in the value of leisure in the second part of their careers. These worker-specific experiences may explain heterogeneity in the age of entry in disability programs (see e.g. Low and Pistaferri (2010)), or in the retirement age among ex ante identical individuals (see e.g. Cutler, Meara and Richards-Shubik (2011)).

If the type is public information, this transfer could be made type-dependent, and does not have first order gain.

When α decreases 1 percent, (1α) increases 1 percent. But their difference in absolute value increases 2 percents.

Due to the complexity of the analysis, we mainly focus on the extension of the benchmark here.

This literature is sometimes also termed as wage posting game with coordination friction.

It is consistent with our knowledge that the more skilled workers, whose number is comparatively small, usually receive more attention and protections.

We refer readers to the survey from[START_REF] Fang | Theories of statistical discrimination and affirmative action: A survey[END_REF].

As noted by[START_REF] Lang | Racial discrimination in labor markets with posted wage offers[END_REF], the number N could be regarded as the expected number of entrants (job seekers) from the firms' perspective.

Incompleteness of contract is the source of inefficiency for the holdup problem. See[START_REF] Acemoglu | Efficient unemployment insurance[END_REF] for related literature.

When the number of firms and workers are large, it is no longer convenient to operate with the workers' application strategy θ j i , because it will tend to zero in the symmetric mixed strategy equilibrium.

"w" denotes the wage vector of all the firms.

We think this case with γ ≥ 1 2 is more empirically relevant, when we are talking about gender and racial discrimination for example. The case γ < 1 2 could be also analogously derived according to the proof of the following proposition.

One way of deriving it could be seen in MelanieCao & Shouyong Shi, 2000. "Coordination, matching, and wages". It could also be checked by change of variable, which is also represented in the Appendix.

Here, finite market is referred to a market where the number of workers and firms are not infinite. We refer readers to GKV (2011) on a discussion of the significance of consideration of such a context.

See GKV (2011) Page 10.

See GKV (2011) page 9
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Dynamic Contracts in Search Equilibrium under Asymmetric Information 3. the "RHS" of both equations are both of functional form and decreasing in q.

Thus to show q FI < q AI , it is sufficient to show that LHS FI > LHS AI . We will proceed in the following way:

(i) Since w AI 1 < y, we could obtain

+ yw AI 1 < u(y)-u(z) u ′ (y)

+ yy, because

+ yw AI 1 is increasing in w AI 1 .

(ii) In the following, The first inequality comes from the facts that w AI 1 < w AI 2 and u ′ (w)

being decreasing, and the second inequality is due to the same argument stated in (i): G( ĥAI )u(w AI 2 )+ h ĥAI u(h)dG(h)-h h max{U 1p ,u(h)}dG(h)

+ G (y) (yy)

Thus the LHS FI > LHS AI , which implies RHS FI > RHS AI , and it turns out that q FI < q AI by the fact that the right hand sides of the above FOCs are of the same functional form and decreasing in q.

To conclude, it implies that F(q AI )G( ĥAI ) < F(q FI )G( ĥFI ), the job matching is inferior in the economy with asymmetric information.

1.6.10 Proof of Proposition 1.6.10

We use δ as the Lagrangian multiplier for the incentive constraint. The first order condition with respect to w L,1 , w L,2 and w L,3 gives respectively:

Rearranging, we obtain

p H < p L p H < 1, we could conclude that we have w AI l,1 (H) < w AI l,2 (H) < w AI l,3 (H). Notice that now we have three points of wages, instead of merely two points as in Section 2. A natural question to ask is how wage grows. We first prove the following claim, then show that when u ′′′ < 0, the wage growth is concave.

Proof of Claim. From the above first order condition, we have

We subtract 1 at both sides, and we obtain

Multiply u ′ w AI l,2 (H) at both sides. Since w AI l,2 (H) < w AI l,3 (H), and u ′ is decreasing in w, we obtain

Holdup and Hiring Discrimination with Search Friction

Comparison with fixed sharing rule (wage bargaining)

In this section, we shut down the channel through which firms use wages to influence workers' choices on applications, and examine whether the inefficiency can be alleviated. Notice that in this section, the workers only choose the amount of skills to obtain, not where to search.

Consider an economy with the same discriminatory ranking as previous, but the wage is determined by ex post bargaining after a job seeker meets an employer. The timing of the economy now is as follows: firstly, workers decide skill levels simultaneously; secondly, workers and firms get matched according to the matching technology; thirdly, the matched worker and firm bargain a la Nash to determine how to share the output y. The simplest form of Nash bargaining widely used in literature is equivalent to a fixed sharing rule of output. If we denote the bargaining power for all workers as ψ, then from the output y t , workers receive ψy t , and firms receive (1ψ) y t . We focus on the case where ψ is the same for both skill levels, otherwise there is too much degree of freedom.

For the ease of comparison, we require that the matching technology here is the same as in previous section. The hiring norm is as previous Group aH ≻ Group bH ≻ Group aL ≻ Group bL. The corresponding employment probability for different types of workers is inherited, so that the employment probability is respectively 1-e -q aH q aH for aH, e -q aH 1-e -q bH q bH for bH, e -q aH -q bH 1-e -q aL q aL for aL, and e -q aH -q bH -q aL 1-e -q bL q bL for bH. The expected payoff (after skill investment) is just the employment probability times ψy t ; for example, we have for aL people e -q aH -q bH 1-e -q aL q aL × ψy L as the expected payoff from search. Now, we specify the expected queue lengths q aH , q bH , q aL and q bL parametrically. Recall the definition of queue length is nb. of workers nb. of vacancies , then we have q aH = γη a β for aH workers, q bH = (1γ) η b β for bH workers, q aL = γ (1η a ) β for aL workers, and q bL = (1γ) (1η b ) β for bL workers, where η a represents the fraction of high skilled group a, and η b the fraction of high skilled group b. The values of η a and η b depend on the comparison between the expected payoff from investing in high or low skill:

× ψy H -E H > e -q aH -q bH 1-e -q aL q aL × ψy L -E L = 0 if 1-e -q aH q aH × ψy H -E H < e -q aH -q bH 1-e -q aL q aL × ψy L -E L ∈ {0, 1} if 1-e -q aH q aH × ψy H -E H = e -q aH -q bH 1-e -q aL q aL × ψy L -E L and 3.4 Comparison with fixed sharing rule (wage bargaining)

× ψy H -E H > e -q aH -q bH -q aL 1-e -q bL q bL × ψy L -E L = 0 if e -q aH 1-e -q bH q bH × ψy H -E H < e -q aH -q bH -q aL 1-e -q bL q bL × ψy L -E L ∈ {0, 1} if e -q aH 1-e -q bH q bH × ψy H -E H = e -q aH -q bH -q aL 1-e -q bL q bL × ψy L -E L

To keep consistency with the previous section (under Notion 1), we require that whenever indifferent, the whole group will choose either high or low skill, so that η is either 0 or 1 in that case. We will also assume that the group a are the majority: γ ≥ 1 2 . 10 We focus on Nash equilibrium as the solution concept. In the current context, only workers make skill investment decisions, firms do not post wages since ψ is exogenous. We consider each group, i.e. group a or group b, as a whole when they are making decisions. Each group of workers invest in skills simultaneously. Due to the discriminatory rule, the payoffs from skill investment for different groups of workers are interdependent. This renders the skill investment strategic. The following proposition helps explain how workers' expected payoffs vary with respect to ψ:

2 so that group a is the majority. There are four thresholds ψaL,b ≤ ψbH,a < ψbL,a < ψaH,b , such that (1) For ψ ∈ 0, ψaL,b , the unique pure strategy nash equilibrium is (aL, bL); for ψ = ψaL,b , the equilibrium can be (aL, bL) or (aL, bH). (2) For ψ ∈ ψaL,b , ψbH,a , the unique pure strategy nash equilibrium is (aL, bH); (3) For ψ ∈ ψbH,a , ψbL,a , there is no pure strategy nash equilibrium; for ψ = ψbL,a , the equilibrium is (aH, bL); (4) For ψ ∈ ψbL,a , ψaH,b , the unique pure strategy nash equilibrium is (aH, bL); at the point ψ = ψaH,b , the equilibrium can be (aH, bL) or (aH, bH). (5) For ψ ∈ ψaH,b , 1 , the unique pure strategy nash equilibrium is (aH, bH). ( 6) Define the threshold ψ of skill investment without discrimination as ψy H

It is not always true that the group a workers are always better off. Notably, there is an equilibrium similar as before where group a underinvest: It could be observed from the payoff matrix (provided in the proof of Proposition 4) that in the region ψ ∈ ψaL,b , ψbH,a group a (group b) workers obtain lower (higher) expected payoff compared to the case without Holdup and Hiring Discrimination with Search Friction discrimination. This is also closely related to the fact that when γ ≥ 1 2 the within-group competition in group a is fiercer. In general, firms' payoff is written as follows:

if both high and low skilled

According to Proposition 4, we can determine the exact values of the queue lengths in the expression. Firms' profit will be piecewise monotone because although ψ increases continuously, the skill composition hence the average productivity of the market improves discretely with respect to this bargaining power. The fact that ψbL,a < ψ < ψaH,b suggests that although firms can gather higher profits for ψ < ψ, they encounter loss for ψ ≥ ψ compared to the case without discrimination. The reason is that strategic competition between the group a and group b deters the discriminated group's skill investment decision (in the sense that group b may still choose to be low skilled when ψ is sufficiently high), which pulls down the market's average productivity and makes firms' expected profit dim.

It is interesting to notice that our simple result that discrimination is costly for firms at high skilled sector (when wages are bargained) questions the plausibility of key assumption of [START_REF] Merlino | Discrimination, technology and unemployment[END_REF] that "there is more discrimination in the high technology sector". Although [START_REF] Merlino | Discrimination, technology and unemployment[END_REF] mentioned bunches of empirical evidence in support of this assumption 11 , our simple result suggest that firms are simply better off not discriminating when wages are principally bargained, since the loss in profit from discriminating in the high skilled sector may surpass the gain from discriminating in the low skilled sector. All in all, the key difference between wage posting and wage bargaining is that the ex post wage now exogenously pegs on the productivity, and firms can no longer manipulate their market power by translating their discriminatory preference into constantly lower wages.

Discussion

Free entry. LMD (2005) have shown that their economy under discrimination with workers' identical in productivity can be generalized to take into account firms' free entry. Specifically, we consider a stage where firms sink capital after observing workers' skills. Each firm has different capital cost with C 1 < C 2 < ... < C M < y L . Then firms which earn expected Holdup and Hiring Discrimination with Search Friction equilibria on skill investment; in some equilibrium the discriminated group can obtain higher expected payoff compared to the case without discrimination 12 and firms can be worse off. We also consider fixed sharing rule (bargained wage) and make a comparison. Similar equilibrium, where favored group underinvest while the discriminated group remain high skilled, exists; however, the discriminated group are in general worse off compared to the case without discrimination in the sense that they may still choose to underinvest when ψ is sufficiently high. Firms' profits are piecewise monotone because the skill composition hence the average productivity of the market improves discretely with respect to the bargaining power, and profit loss may be incurred with discrimination within an intermediate range of bargaining power.

Appendix

A1. Derivation of matching probabilities.

We now derive a job seeker's matching probability and expected payoff.

Job seekers.

Having observed all the wage w = w 1 , w 2 , ..., w M announced by the firms, job seekers choose which firm (or wage) to visit (or to apply for). Consider a particular job seeker i's problem, where i ∈ {1, 2, ..., N}. This job seeker thinks in the following way: Suppose I visit firm j, then conditional on the fact that my application is sent to j, what is the probability that I could be employed? It depends upon the number of the other job seekers who also send their job application to the same firm competing with me on this job in firm j. This number (of the other job seekers) is a random variable which has a realisation from the set {0, 1, ..., N -1} and has a Binomial distribution. To see why it is the case, we use k to represent the realized number of competitors. If k = 0, which happens with probability 1θ j N-1 , then the job seeker i will be chosen by the firm with probability 1, because this job seeker is the only candidate. If k = 1, which happens with probability (N -1) × θ j 1 1θ j (N-1)-1 , this job seeker i will be chosen by the firm with probability 1 2 , because now the firm receives two applications, hence has two candidates, among whom i is one. Generalising, if k = k, which happens with probability

then this job seeker i will be chosen with probability 1 k+1 , because the firm j has k + 1 candidates at disposal.

"Market Power and Efficiency in a Search Model" Revisited

Workers are identical, and firms are ranked by their productivity y j , with y 1 ≥ y 2 . We assume that the productivity of any firm is common knowledge. The wage posting game proceeds with the following timing:

1. Each firm posts a wage w j .

2. Workers observe all the wages announcement w = (w 1 , w 2 ), and they choose which wage to apply to simultaneously.

3. Firms collect applications. If more than one worker appears at one firm, this firm chooses one randomly; if the firm receives no application, then the post of this firm will end up vacant.

As in standard directed search literature, we search for the subgame perfect equilibria where firms use pure strategy on wage announcements and workers use mixed strategy in the job application subgame. We will also restrict attentions on symmetric equilibrium, where any worker applies to the same level of wage with identical probability, and any firm selects workers with identical probability. These assumptions help us introduce search friction in a natural way.

The market economy

This wage posting game is solved backwards by convention, and we start from the application subgame, where the workers, observing wage announcements {w 1 , w 2 }, choose which wage to apply to strategically.

Workers' application subgame. Name the two workers by A and B. Consider worker A's problem without loss of generality. Given an arbitrary wage pair {w 1 , w 2 }, his strategy is which firm to apply to. Define his probability of applying to firm j as α A j , then his probability of visiting the other firm is 1α A j . We proceed to find the matching probability for worker A conditional on his sending application to firm j.

Conditional on visiting firm j, the worker in question will be hired with probability 1 when the other worker did not apply to this firm j, and will be hired with probability 1 2 when the other worker's application also arrived at this firm. The former event happens with probability 1α B j × 1, and the latter event happens with probability α B j × 1 2 . In total, this 

Analogously, worker B's employment probability becomes

A worker's expected payoff (or expected surplus) is the product of the wage he applied for and the probability of obtaining it: we have U j = G α B j × w j for worker A and U j = G α A j × w j for worker B. Let i ∈ {A, B}, then for worker i, she takes α -i j , w 1 and w 2 as given, and her best response from visiting firm 1 satisfies

Only in case where the expected payoffs from applying to both firms are equivalent, will worker i mix between these two firms. We are interested in the symmetric case where all the identical workers use the same (mixed) strategy, so that α i j = α -i j . On the one hand, the payoff G α -i 1 × w 1 worker i expects from applying to firm 1 should be no less than the payoff obtained from applying to firm 2; otherwise no worker will apply to firm 1. On the other hand, if the payoff at firm 1 is strictly greater than the payoff at firm 2, no worker will apply to firm 2, hence the equality. We remark that when U 1 = U 2 holds, it defines workers' labor supply curve:

It is straightforward to verify that this curve as a function of α -i 1 (or α i 1 ) is decreasing in its argument.

Firms' wage posting stage. We move to the firms' wage posting strategies. Take firm 1's problem as an example and the case of firm 2 can be solved in similar way. Firm 1 will be able to start production if at least one worker appears. The event that no worker appears happens with probability 1

1 , hence at least one worker appears with probability 1 -

"Market Power and Efficiency in a Search Model" Revisited GKV (2011) remark that the original economy, where minimum wage is imposed to firm 2, is equivalent to an alternative economy where firm 2 has a productivity level ỹ2 > y 2 . By this parallelization, they find that minimum wage makes the firm 2 hire even more often so that the inefficiency becomes more severe. Intuitively, when the productivity gap between two firms reduces, the impact from the asymmetry of market power decreases, then both α 1 and α 2 tend to be closer to 1 2 .

Unemployment benefit. GKV (2011) then introduces unemployment benefit in a windfall manner. Since unemployment benefit raises workers' outside option, workers are willing to take more "risk". Although the event of being not employed occurs more often in the high productivity firm, workers could receive the unemployment benefit at a more frequent basis compared to applying to the low productivity firm. So as the benefit increases, workers shift gradually their visiting frequency to the high productivity firm. GKV (2011) establish that under this particular context, such an unemployment benefit could correct misallocation of labor.

Technically, with unemployment benefits, the model could be rewritten as follows:

for firm 1, and

By making a change of variable from W j = w jb, it could be shown that this economy is equivalent to an economy where y 1 becomes y 1b, and y 2 becomes y 2b. Thus in order to determine whether introducing b could raise efficiency, it suffices to examine whether the following expression

leads to a higher level of αb 1 when b increases. The answer is affirmative, since the left-hand side is increasing in b, and the right-hand side is also increasing in αb 1 . GKV (2011) concludes that there exists an unemployment benefit level such that the corresponding αb 1 , so that it is a more effective policy under this particular economy.

An accompanying result is that with b introduced, the wage gap w 1 -w 2 actually increases. Hence, if in reality it is believed that firms have market power, then when b is introduced we may observe both increase in wage inequality and increase in the unemployment rate controlling for workers' ability.

Critics

On the source of inefficiency GKV (2011) note that "firms in a finite market enjoy market power, in the sense that a single firm's action affects the equilibrium outcome of all agents". According to this definition, market power should exist in any market with finite number of workers and firms. However, it is immediate to observe that, in the original model, if we impose y 1 = y 2 , i.e. if firms have identical productivity, then the optimal solution α1 in the market economy coincides with the choice α p 1 in the social planner's problem: α1 = α p 1 = 1 2 . Consequently, according to the interpretation of GKV (2011) there will not be any efficiency loss because there is no loss of the aggregate output in the market economy. Does it mean that the effect of market power vanishes in case y 1 = y 2 ? Not really. Recall the interpretation of GKV (2011) on their model with y 1 > y 2 : "the high productivity firm will respond to market power by decreasing its wage by a larger amount, which leads to the misallocation of workers". 3 Then in the extreme case with y 1 = y 2 , the result α1 = α p 1 = 1 2 is simply due to the fact that firms respond to market power by decreasing their wages to the same magnitude, such that the allocation on the application of workers is not disturbed. The difference is plainly on what I term as the asymmetry of the market power. That is to say, although both firms lower their wages when taking into consideration their market power, different productivity leads to disproportionately different amounts of wages reduction; so that workers' application decision is distorted due to the quantitatively asymmetric impact from the reduction of wages by firms with different productivities. And more importantly, although in case of identical productivity this asymmetry of market power is not in action, the market power is still qualitatively present: in a finite market, "firms face less competition and they post lower wages than they would if they take their market power into consideration"; 4 "Market Power and Efficiency in a Search Model" Revisited

where the second inequality is due to the fact that 1-x 1+x is a decreasing function and α2 > α p 2 . Secondly, we prove ŵ2 < w p 2 . We have ŵ2 = 2(1-α1 ) (1+2 α1 ) × y 1 , and

where the second equality is obtained by the condition which determines α1 , i.e.

Proposition 2. In the market economy augmented with unemployment benefit b A , the workers' expected surplus U b A is strictly lower than the efficient level U p .

Proof. Recall that b A is determined by

We obtain then b A as a function of α p 1 : b A = y 2 -

We start by calculating U b A . By definition, we know that

where ŵ2 b A is the equilibrium wage when b A is introduced, and more precisely ŵ2 b A is the solution of the following program:

× y 1b A . We then have

We now make use of the expression of b A which we obtained in the beginning of the proof, and we have

At the same time, we know that U p = 1α p 1 y 1 . We could do the following arrangement:

, we could finally obtain

Then it suffices to compare the coefficient in front of (y 1y 2 ) in U b A α p Proof. Recall that b A is such that

i.e., the planner's allocation α p 1 is recovered. Then we can solve b A as b A = y 2 -

. We can substitute y 1 for

   where we express b A as a function of α p 1 . It could be verified that this function of α p 1 is increasing in α p 1 . Besides, we know from

Proposition 4. There exists a level of w c ∈ ( ŵ2 , y 2 ) such that the misallocation of surplus can be completely restored.

Proof. We know that α p 1 is determined by

. According to U p = 1α p 1 y 1 = 1α p 2 y 2 , we are able to solve U p as function of y 1 and y 2 : U p = y 1 y 2 y 1 +y 2 . We want to prove that under minimum wage policy, there is a level of minimum wage w c < y 2 such that the workers' expected surplus can be restored completely to the socially optimal level. We now proceed to find the workers' expected surplus when the minimum wage policy is effective such that firm 2, which offers lower wage than firm 1, has to pay the workers the minimum wage w. Then the firm 1 solves the following program:

× w Since the constraint defines a one-one positive correlation between w 1 and α 1 , we can also maximize with respect to α 1 , which turns out to be more convenient. We could obtain as the first order condition 1-αw

, where αw 1 denotes the equilibrium value of α 1 when minimum wage policy touches firm 2. We can solve the value of αw 1 , and can calculate the workers' expected utility as U (w) = 1 -α2 2 × w = 1 4 × 4y 1 +w y 1 +w × w. This is an increasing function of w.

Now it suffices to prove that for some feasible values of w with w < y 2 , it is possible that U p is smaller than U (w) . For this sake, we can define a variable δ such that w = δ y 2 where δ ∈ (0, 1). Then on one hand, we have U p = y 1 y 2 y 1 +y 2 , on the other hand, we have

, which is greater than U p when δ = 1. By continuity of δ , we could conclude that there exists a w c such that workers' expected surplus can be restored. Q.E.D.

Corollary. Introducing a proper level of unemployment benefit, together with minimum wage, can correct both the misallocation of labor and misallocation of surplus.

Proof. When both unemployment benefit and minimum wage are introduced and the minimum wage is effective, expected payoff of workers from applying to firm 1 is 1 -α 1 2 w 1 + α 1 2 b, and at firm 2 it is 1 -α 2 2 w + α 2 2 b. Firm 1 solves the following program:

Maximizing with respect to α 1 , we obtain as the first order condition 1-α1 1+2 α1 = w-b y 1 -b × 1 2 , where α1 denotes the equilibrium value of α 1 . This defines α1 as a function of the policy instruments w and b. We impose α1 = α p 1 so that the misallocation of labor is corrected, then we obtain a first relationship between w and b.

We now want to find the second relation, and it is done by imposing the expected payoff to be equivalent to its socially optimal level: the misallocation of surplus is corrected. We calculate the workers' expected payoff:

We let it be equal to the socially optimal payoff U p = 1α p 1 y 1 . So that we have 1

Rearranging, it suffices that the system of equations where w and b serve as variables admits a solution: "Market Power and Efficiency in a Search Model" Revisited

It could be checked that w > b > 0. Q.E.D.

Proposition 5. In system (B), there exists no unemployment benefit level b B such that the efficiency is restored in the sense of GKV(2011).

Proof. Under unemployment benefit system B, firm 1 pays a level of unemployment benefit (α 1 ) 2 b, and firm 2 pays a level of unemployment benefit (α 2 ) 2 b, where (α 1 ) 2 and (α 2 ) 2 are respectively the probability of paying b to the workers who applied but did not get the job. This is quite intuitive: in expectation, a firm has to pay this b only when both workers apply to it but one among them will not be selected, an event which takes place with probability α 2 . Hence the problems for the firms are written as is always greater than 1 when α p 1 > 1 2 > α p 2 . Q.E.D.

Claim. With fixed sharing rule β NB such that workers' expected payoff is equal to U p ,

(1) the high (low) productivity firm offers higher (lower) wage compared to the case where wages are posted.

(2) both the high and low productivity firm earn lower profit compared to the case where wages are posted.

Proof of [START_REF] Acemoglu | Efficient unemployment insurance[END_REF]. We start to compare β NB y 1 and w p Since α NB 2 < α p 2 , we have w p 2 > β NB y 2 . Proof of (2). We prove the result for firm 1, and the proof for firm 2 will be analogous. We know that w p