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Abstract We show how frictions and continuous transfers jointly affect equilibria in a model of matching in networks. Our model incorporates distortionary frictions such as transaction taxes, bargaining costs, and incomplete markets. When contracts are fully substitutable for firms, competitive equilibria exist and coincide with outcomes that satisfy a cooperative stability property called trail stability. In the presence of frictions, competitive equilibria might be neither stable nor (constrained) Pareto-efficient. In the absence of frictions, on the other hand, competitive equilibria are stable and in the core, even if utility is imperfectly transferable. Keywords: Trading networks; frictions; competitive equilibrium; matching with contracts; stability; trail stability; transaction taxes; bargaining costs; incomplete financial markets; constrained suboptimality JEL classification: C62, C78, D47, D51, D52, L14 ∗
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Introduction



Interdependence and specialization of production are central features of the modern economy. Many firms have complex, bilateral relationships with dozens of buyers and suppliers. The terms of these relationships are typically encoded in complex contracts that specify goods traded or services rendered, delivery dates, penalties for non-completion, and, of course, prices. Markets that involve heterogeneous and highly specialized contracts, talented workers, or sophisticated machines can often be concentrated and thin. In such markets, it is implausible to assume that agents act as price-takers. Models of matching with contracts, inspired by the work of Gale and Shapley (1962), elegantly captures interaction in thin markets (Crawford and Knoer, 1981; Kelso and Crawford, 1982; Roth, 1984; Hatfield and Milgrom, 2005). Matching models do not typically assume that agents are price-takers: instead, agents are free to engage in highly specific contracts and rely on the consent of counterparties to maintain contractual relationships. The equilibrium concepts employed in the matching literature, such as stability, require that recontracting should not be profitable. Unlike typical general equilibrium models, matching models can also deal with indivisibilities, which are often present in thin markets. Finally, matching models capture frictions, such as transaction taxes (Jaffe and Kominers, 2014), bargaining costs (Galichon et al., 2016), and the incompleteness of the financial market (Jagadeesan, 2017a,b).1 While cooperative solution concepts are are well-founded thin markets, competitive solution concepts are often more natural in thick markets (Edgeworth, 1881; Kelso and Crawford, 1982). Nevertheless, competitive and cooperative solution concepts are both appealing to some extent in markets of all sizes. For example, competitive equilibrium could be a reasonable solution concept even in thin markets because it does not require firms to coordinate directly with one another. Cooperative solutions, on the other hand, offer a credible foundation for the analysis of thick markets that cannot clear—for example, due to price controls.2 This paper establishes an equivalence between competitive equilibrium and an intuitive stability concept in markets with frictions. As we will argue, our equivalence 1



The financial market is incomplete if agents suffer from uninsurable risk—that is, if there is some Arrow (1953) security that is absent or cannot be traded without transaction costs. 2 See Dr`eze (1975), Hatfield et al. (2012, 2016), Andersson and Svensson (2014), and Herings (2015).
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result provides new cooperative foundations for competitive equilibrium and competitive foundations for our stability concept. We also show how frictions matter for the connection between competitive and cooperative solution concepts. We focus on trading networks in order to capture complex production linkages in the economy. Following Ostrovsky (2008), Hatfield and Kominers (2012), Hatfield et al. (2013), and Fleiner et al. (2016), we assume that agents interact via an exogenously specified set of bilateral trades, which specify who is trading, what good or service is being traded, and any non-pecuniary parameters of exchange. Trades have directions that correspond to the flow of goods: upstream trades represent purchases and downstream trades represent sales. In equilibrium, transfers are made for every realized trade, encapsulating the role of money in the economy (Hatfield et al., 2013). Our model can capture distortionary frictions in reduced form. Formally, we allow agents to place different values on transfers associated to different trades. Intuitively, when frictions are present, receiving one unit of transfer may not fully offset the cost of paying one unit of transfer. For example, transaction taxes and bargaining costs cause there to be a wedge between payment and receipt. There might also be wedges between forms of transfer when financial markets are incomplete. For example, if transfers are in trade credit that is subject to imperfectly-insurable default risk, then creditors value payments less than debtors. Similarly, if currency markets are imperfect, then firms may value local currency more than foreign currency. However, like in general equilibrium models, we assume that transfers associated to trades are one-dimensional, so that each realized trade has a well-defined price. This unidimensionality condition rules out partial financing of purchases with trade credit and requires that each trade is priced in a single currency (Jagadeesan, 2017a). Our first main result provides sufficient conditions for the existence of competitive equilibria. The key assumption is that preferences over contracts are fully substitutable (Ostrovsky, 2008; Hatfield and Kominers, 2012; Hatfield et al., 2013)—that is, that upstream (resp. downstream) trades are grossly substitutable for each other and that upstream and downstream trades are grossly complementary to one another. Full substitutability can be regarded as the requirement that the goods that flow in trades are grossly substitutable (Baldwin and Klemperer, 2015; Hatfield et al., 2015b). In our model, full substitutability and a mild regularity condition together ensure that competitive equilibria exist.3 3



As Hatfield and Kominers (2012) and Hatfield et al. (2013) show, full substitutability is necessary
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To relate the competitive and cooperative approaches to the analysis of markets with frictions, we first explore cooperative interpretations of competitive equilibria. We show that competitive equilibrium outcomes are always trail-stable—i.e., immune to sequential deviations in which a firm that receives an upstream (resp. downstream) contract offer can either accept the offer outright or make an additional downstream (resp. upstream) contract offer (Fleiner et al., 2016). Trail stability is a natural extension of Gale and Shapley’s (1962) pairwise stability property to trading networks. Other solution concepts in matching theory are stability (in the sense of Hatfield et al., 2013)4 —which requires that there is no group of firms that can commit to recontracting among themselves (possibly while dropping some existing contracts)— and the core. However, in the presence of frictions, competitive equilibrium outcomes are typically neither stable nor in the core. Stable and trail-stable outcomes, on the other hand, have competitive interpretations. We say that an outcome lifts to a competitive equilibrium if the outcome can be supported by competitive equilibrium prices—as an outcome already specifies the prices of realized trades, showing that an outcome lifts to a competitive equilibrium amounts to specifying equilibrium prices for unrealized trades. We show that trailstable and stable outcomes lift to competitive equilibria under full substitutability and regularity conditions.5 In the presence of frictions, therefore, the trail stability and competitive equilibrium solution concepts are essentially equivalent, but they both differ from stability. The relationship between stability and competitive equilibria changes dramatically in the absence of distortionary frictions. In this case, there are no wedges between payments and receipts, and we say that the market is complete.6 Completeness ensures that competitive equilibrium outcomes are strongly group stable (in the sense of Hatfield et al., 2013), hence in particular stable, in the core, and Pareto-efficient. (in the maximal domain sense) for the existence of competitive equilibria in trading networks. 4 See also Roth (1984, 1985), Hatfield and Milgrom (2005), Echenique and Oviedo (2006), and Hatfield and Kominers (2012, 2017). 5 Hatfield et al. (2013) show that stable outcomes lift to competitive equilibria under full substitutability in transferable utility economies. Our results apply even in the presence of frictions and income effects. 6 Our completeness condition is analogous to the requirement in general equilibrium theory that the financial market is complete. Indeed, when the financial market is rich enough (i.e., all Arrow (1953) securities are present), agents’ marginal rates of substitution between forms of transfer are equalized in equilibrium. By renormalizing the currency units of each form of transfer, we can assume that all agents are indifferent between all forms of transfer—see Section 6.
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Figure 1: Summary of our results. The squiggly arrows represent existence results, the ordinary arrows represent relationships between solution concepts, and the dashed arrows shows lifting results. Arrows are labeled by the hypotheses of the corresponding results. FS denotes full substitutability (see Assumption 1). “Bounded CVs” stands for “bounded compensating variations” (see Assumptions 2 and 20 ) and “bounded WTP” stands for “bounded willingness to pay” (see Assumption 3). As a result, (strong group) stability, trail stability, and competitive equilibrium are all essentially equivalent solution concepts in complete markets. Figure 1 summarizes our results. Taken as a whole, our results provide new foundations for competitive equilibrium and trail stability in thin and thick markets. Our competitive interpretation of trail stability guarantees that, as long firms coordinate on a trail-stable outcome, they act as if they take prices as given. Hence, even though price-taking may not be a reasonable assumption per se in thin markets, it is actually a consequence of cooperative behavior. On the other hand, our cooperative interpretation of competitive equilibrium guarantees that firms cannot improve upon equilibrium outcomes even by deviations along trails. Therefore, while it may be difficult for firms to coordinate with each other in thick markets, any equilibrium will yield a trail-stable outcome as long as firms take prices as given. From an applied perspective, our model may be of interest to structural econometricians. Recent work on estimation in matching markets with transfers has focused on frictionless trading networks (Fox, 2017a,b; Fox et al., 2017) and two-sided markets
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with frictions (Galichon et al., 2016; Cherchye et al., 2017).7 Since our model allows for both frictions and interconnectedness, it opens up new applications. Consider, for example, the housing market. Houses are highly differentiated and agents might act as both buyers and sellers, making the housing market an interconnected trading network. There is no vertical supply chain structure. Interactions in the housing market suffer from bargaining frictions and other transaction costs—such as real estate agent fees and stamp duty land taxes (Hilber and Lyytik¨ainen, 2017)—making utility imperfectly transferable.8 Structural methods based on our model would allow the econometrician to partially identify agents’ preferences by assuming that the observed market outcome is trail-stable—or, equivalently, associated to a competitive equilibrium. Most previous models of matching in trading networks impose significant additional conditions on the structure of the trading network, the space of contracts, or preferences. Ostrovsky (2008), Westkamp (2010), and Hatfield and Kominers (2012) derive existence and structural results for acyclic networks, which cannot contain “horizontal” trade between intermediaries.9 Hatfield et al. (2015a) and Fleiner et al. (2016) extend the analysis of Ostrovsky (2008) to general trading networks. However, Ostrovsky (2008), Westkamp (2010), Hatfield and Kominers (2012), and Fleiner et al. (2016) all assume that there are finitely many contracts, ruling out continuous or unbounded prices and precluding comparisons between the matching and general equilibrium approaches. Hatfield et al. (2013) consider general trading networks with continuous prices and technological constraints, but assume that utility is perfectly transferable, ruling out distortionary frictions and income effects.10 In a recent paper, Hatfield et al. (2015a) introduce continuous prices into discrete models of matching in trading networks (Ostrovsky, 2008; Westkamp, 2010; Hatfield and Kominers, 2012; Fleiner et al., 2016) while allowing for technological constraints (Hatfield et al., 2013). 7



Other papers have focused on structural estimation in two-sided matching markets with transferable utility. See, for example, Choo and Siow (2006), Fox (2010), Chiappori, Oreffice, and QuintanaDomeque (2012), Fox and Bajari (2013), Dupuy and Galichon (2014), Galichon and Salani´e (2014), and Chiappori, Salani´e, and Weiss (2015). 8 In contrast, Shapley and Shubik (1972) and Hatfield et al. (2013) assume that utility is perfectly transferable, while Shapley and Scarf (1974) and Abdulkadiro˘glu and S¨onmez (1999) assume that utility is non-transferable. 9 In Appendix A, we impose acyclicity and show that trail-stable, stable, and competitive equilibrium outcomes coincide under full substitutability and a regularity condition. 10 Hatfield et al. (2013) allow for fixed transaction costs, such as shipping costs and lump-sum transaction taxes, but not variable transaction taxes and the other frictions considered in this paper.
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Our model specializes that of Hatfield et al. (2015a) to accommodate general equilibrium analysis. Hatfield et al. (2015a) shown when chain stable outcomes and stable outcomes—neither of which exist in our model—coincide. In contrast, we prove existence results and relate competitive equilibrium to trail stability and stability. Our work also builds on large literatures on matching with imperfectly transferable utility and on general equilibrium with incomplete financial markets. As far as we know, the former literature has focused on one-to-one11 and many-to-one12 matching markets.13 The source of imperfect transferability—whether it is due to frictions or income effects—is irrelevant in both one-to-one and many-to-one matching (see, e.g., Galichon et al., 2016). In our model, on the other hand, frictions cause trail-stable outcomes and competitive equilibria to be constrained suboptimal,14 while income effects do not create inefficiencies. As in general equilibrium with incomplete financial markets, equilibria are suboptimal in our model due to pecuniary externalities.15 But the ability of pecuniary externalities to cause inefficiencies relies on both the distortionary nature of the frictions and the many-to-many structure of the matching market.16 More broadly, our paper builds on rich literatures on perfect competition and on indivisibilities in general equilibrium. Our equivalence between competitive equilibrium and trail stability is reminiscent of classical results on the coincidence of the core and competitive equilibrium in large economies (Edgeworth, 1881; Shubik, 1959; Scarf, 1962; Debreu and Scarf, 1963; Aumann, 1964).17 Unlike those results, our equivalence result applies in thin markets (in which the core is large is general) and in markets with frictions (in which competitive equilibria are not in the core). In the 11



See, for example, Crawford and Knoer (1981), Kaneko (1982), Quinzii (1984), Demange and Gale (1985), Alkan (1989), Alkan and Gale (1990), Legros and Newman (2007), N¨oldeke and Samuelson (2015a,b), Chiappori and Reny (2016), and Galichon et al. (2016). 12 See, for example, Kelso and Crawford (1982), Hatfield and Milgrom (2005), Pycia (2012), and Jaffe and Kominers (2014). 13 Imperfectly transferable utility appears frequently in the search-and-matching literature in order to capture household bargaining or search frictions, though the aim of these models in typically to find conditions for assortative matching. See Chade et al. (2017) for an excellent review. 14 Frictions constrain trade and can also cause trail-stable and competitive equilibrium outcomes to be Pareto-comparable in our model. 15 See Hart (1975), Lee and Zeckhauser (1982), Newbery and Stiglitz (1982), Stiglitz (1982), Geanakoplos and Polemarchakis (1986), and Geanakoplos et al. (1990). 16 See Jagadeesan (2017b) for an explanation of this point—one-to-one markets and many-to-one matching markets are effectively complete from the perspective of general equilibrium theory. 17 See also Ostroy and Zame (1994) and the references cited therein for further discussions of tests of perfect competition in general equilibrium models.
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literature on general equilibrium with indivisible goods, it is typically assumed that utility is perfectly transferable,18 ruling out both distortionary frictions and income effects. Danilov et al. (2001) show that competitive equilibria exist for certain classes of preferences with complementarities and income effects, but under the additional assumptions that the market is frictionless and utility is increasing in indivisible goods.19 We assume in effect that goods that flow through trades are grossly substitutable, but allow frictions, income effects, and non-monotone preferences over indivisibles. This paper proceeds as follows. Section 2 introduces the model. Section 3 explains how our model captures frictions and describes leading examples. Section 4 presents sufficient conditions for the existence of competitive equilibrium. Section 5 defines trail stability and stability and relates these concepts to competitive equilibrium. Section 6 analyzes complete markets. Section 7 concludes. Appendix A specializes to the case of acyclic networks. Appendix B formulates an equivalent definition of full substitutability. The Online Appendices present the omitted proofs and additional examples.
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Model



Our model is based on that of Hatfield et al. (2015a) but requires that prices be continuous and unbounded.



2.1



Firms and contracts



There is a finite set F of firms and a finite set Ω of trades. Each trade ω ∈ Ω is associated to a buyer b(ω) ∈ F and a seller s(ω) ∈ F . Trades specify what is being exchanged as well as any non-pecuniary contract terms (Hatfield et al., 2013). 18



See, for example, Gul and Stacchetti (1999, 2000), Ausubel and Milgrom (2002), Ausubel (2006), Sun and Yang (2006, 2009), Teytelboym (2014), Baldwin and Klemperer (2015), and Rostek and Yoder (2017). 19 Other papers have also shown results on the existence of equilibrium without assuming that goods are substitutable. Baldwin and Klemperer (2015) work with a transferable utility exchange economy and describe necessary and sufficient conditions for the existence of equilibrium. Rostek and Yoder (2017) show that equilibrium exists in matching markets with transferable utility when contracts are complementary. Alva (2015) shows that pairwise stable outcomes exist in two-sided many-to-one markets with non-transferable utility for a restricted class of preferences with complementarities. Pycia (2012) derives necessary and sufficient conditions for existence of stable outcomes in many-to-one matching market in a framework that allows for complements and peer effects.
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A contract is a pair (ω, pω ) that consists of a trade ω and a price pω ∈ R. Thus, the set of contracts is X = Ω × R. Let τ : X → Ω be the projection that recovers the trade associated with a contract. An outcome is a set Y ⊆ X such that each trade is associated with at most one price in Y —formally, |τ (Y )| = |Y |. Given a set Ξ ⊆ Ω of trades and a firm f ∈ F, let Ξ→f denote the set of trades in Ξ in which f acts as a buyer, let Ξf → denote the set of trades in Ξ in which f acts as a seller, and let Ξf = Ξ→f ∪ Ξf → denote the set of trades in Ξ in which f is involved (either as a buyer or as a seller). For a set Y ⊆ X of contracts, we define Y→f , Yf → , and Yf analogously. An arrangement is a pair [Ξ; p] of a set of trades Ξ ⊆ Ω and a price vector p ∈ RΩ . Given an arrangement [Ξ; p] , define an associated outcome κ([Ξ; p]) ⊆ X by κ([Ξ; p]) = {(ω, pω ) | ω ∈ Ξ}. That is, κ([Ξ; p]) is the outcome at which the trades in Ξ are realized at prices given by p. Note that arrangements specify prices even for unrealized trades.



2.2



Utility functions and transfers



Each firm’s utility depends only on the trades that involve it and on the transfers that it pays and receives. Formally, firm f has a utility function uf : P(Ωf ) × RΩf → R ∪ {−∞}.20 We assume that uf is continuous and that t ≤ t0 =⇒ uf (Ξ, t) ≤ uf (Ξ, t0 ) with equality only if uf (Ξ, t) = −∞, so that monetary transfers are relevant to firms whenever their utility is finite. We also assume that uf (∅, 0) ∈ R, so that money is relevant to firms at any outcome that they prefer to autarky. The transferable utility trading network model of Hatfield et al. (2013) is recovered when uf (Ξ, t) = v f (Ξ) +



X



tω



ω∈Ωf



for some valuation function v f : P(Xf ) → R ∪ {−∞}. To analyze competitive equilibria, we need to consider firms’ demands at any given 20



We write P(Z) for the power set of a set Z.
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price vector. Prices give rise to transfers in the following manner. Firms receive no transfer for a trade if they do not agree to the trade. A firm receives a transfer equal to the price of any realized sale (downstream trade) and pays a transfer equal to the price of any realized purchase (upstream trade). Maximizing utility at a price vector p ∈ RΩf gives rise to a collection of sets of demanded trades Df (p) = arg max uf Ξ, pΞf → , (−p)Ξ→f , 0Ωf rΞ







.



Ξ⊆Ωf



Thus, Df is the demand correspondence of firm f . As is typical in matching theory (see Ayg¨ un and S¨onmez, 2013), we also need to consider firms’ choices from sets of available contracts. Given an outcome Y ⊆ Xf , define U f (Y ) = uf (τ (Y ), t), where tω is the transfer associated with trade ω.21 Since prices are continuous, firms might be indifferent between certain outcomes. We therefore define the choice correspondence C f : P(Xf ) ⇒ P(Xf ) by C f (Y ) = arg max U f (Z) . outcomes Z⊆Y



2.3



Competitive equilibrium



Our definition of competitive equilibrium is conventional. In a competitive equilibrium, firms act as price-takers and the market for each trade clears—either a trade is demanded (at the specified price) by both the buyer and the seller or it is demanded by neither. As in Hatfield et al. (2013), in order to fully specify a competitive equilibrium, we need to assign prices to all trades, including ones that are not realized. Definition 1. An arrangement [Ξ; p] is a competitive equilibrium if Ξf ∈ Df (pΩf ) for all f. As interchangeable trades with different counterparties can be priced differently, our competitive equilibria have personalized prices (as in Hatfield et al., 2013).22 21



Formally, we write   0 tω = p ω   −pω



22



if ω ∈ / τ (Y ) if (ω, pω ) ∈ Yf → . if (ω, pω ) ∈ Y→f



For example, trades of the same good with different counterparties can have different prices.
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We call an outcome A a competitive equilibrium outcome if A = κ([Ξ; p]) for some competitive equilibrium [Ξ; p].
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Distortionary frictions



In our model, firms may value transfers from different trades differently, so that a unit of tω might be worth less to the firm than a unit of tω0 . That is, firms could have different marginal rates of substitution between transfers associated to different trades. This feature allows our model to capture (in a reduced form) distortionary frictions, such as variable transaction taxes, bargaining costs, and certain forms of financial market incompleteness. This section illustrates exactly how our model can capture these distortionary frictions and how they affect competitive equilibria.



3.1



Transaction taxes



Suppose, for example, that λ proportion of any transfer must be paid to the government. We assume that the recipient of the transfer pays the proportional transaction tax—this assumption is without loss of generality. Thus, the net transfer received or paid by a firm for a trade ω is



e tω =



 (1 − λ)t



if tω ≥ 0



t



if tω < 0



ω



ω



,



where tω is the gross transfer. Hence, when tω ≥ 0, the firm is a recipient of the transfer and receives (1−λ)tω ; when tω < 0, the firm is a payer and pays tω in full. As a result, if an firm f has quasilinear preferences and valuation v f : P(Xf ) → R∪{−∞}, then the utility function uf is uf (Ξ) = v f (Ξ) +



X



e tω .



ω∈Ωf



When λ < 1 and v f (∅) ∈ R, the utility function uf satisfies our conditions on preferences (i.e., it is continuous and satisfies the requisite monotonicity conditions). Note that transaction taxes make utility imperfectly transferable even if preferences
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are quasilinear.23 We can model transaction taxes similarly even in the presence of income effects. If firm f had utility function u bf before taxes, then the net-of-tax utility function would be  t . uf (Ξ, t) = u bf Ξ, e More generally, our framework can capture non-linear transaction taxes and subsidies. Suppose that Λω (|pω |) tax must be paid on a transfer of size |pω | for trade ω. If firm f had utility function u bf before taxes, then the net-of-tax utility function would be  uf (Ξ, t) = u bf Ξ, e t , where



 t − Λ (t ) if t ≥ 0 ω ω ω ω e tω = . t if t < 0 ω ω



The case of Λω (|pω |) = λ|pω | recovers the proportional transaction tax discussed above. When marginal tax rates are strictly less than one24 and u bf is continuous and satisfies the requisite monotonicity properties, uf is continuous and satisfies the requisite monotonicity properties as well. It is straightforward to extend the definition of e t to capture transaction taxes that depend on the directions of transfers.



3.2



Bargaining costs and incomplete financial markets



There are at least two more interesting distortionary frictions that can sometimes be modeled as transaction taxes. First, surplus might be lost during negotiation. In a reduced form, bargaining costs can be modeled as transaction taxes (Galichon et al., 2016), and hence fit neatly into the framework described in Section 3.1. Second, financial markets might be imperfect or otherwise incomplete. For example, suppose that firms pay for goods in trade credit, which is paid off in cash after goods are exchanged. In the absence of risk aversion, uninsurable idiosyncratic default risk can also be modeled as a transaction tax.25 Formally, the possibility that firm f 23



We thank a referee for this observation. Formally, we require that Λω is continuous, Λω (0) = 0, and x2 − Λω (x2 ) < x1 − Λω (x1 ) for all x1 > x2 > 0. 25 As Jagadeesan (2017a) points out, our model cannot capture settings with imperfectly-insurable 24
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(a) Trades in Examples 1 and 3.
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(b) Trades in Example 2.



Figure 2: Trades in Examples 1, 2, and 3. Arrows point from sellers to buyers. defaults with (subjective) probability ρ can be modeled as losing ρ proportion of any payment made by f . Our model can still capture uninsurable idiosyncratic default risk in the presence of risk aversion, but not using the transaction tax framework. More generally, our model can capture settings in which firms disagree about the relative values of different forms of transfer due to the incompleteness of the financial market.26



3.3



Leading examples



We now illustrate how distortionary frictions can affect competitive equilibria. We focus on proportional transaction taxes (with λ = 10%) for the sake of simplicity, but in light of the discussion of Section 3.2, we could instead incorporate bargaining costs or incomplete markets. The first example considers a cyclic economy in which firms have quasilinear preferences and transaction taxes are incorporated using the framework described in Section 3.1. We show that equilibria can be Pareto-comparable. Example 1 (Cyclic economy). There is a proportional transaction tax on all transfers of λ = 10%. As depicted in Figure 2(a), there are two firms, f1 and f2 , which interact via two trades. The firms share the same utility function ufi (Ξ, t) = v(Ξ) +



X



e tω ,



ω∈Ωfi



default risk in which firms partially finance purchases with trade credit and partially pay in cash. 26 For example, firms might prefer one type of transfer over another if trades are priced in different currencies. The presence of multiple currencies with common exchange rates does not distort markets per se. On the other hand, uninsurable risk or transaction costs associated with currency conversion can be modeled as variable transaction costs.
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where the valuation v is defined as v(∅) = 0 v({ζ, ψ}) = 10 v({ζ}) = v({ψ}) = −∞. There are two sets of trades that can be supported in competitive equilibria: ∅ and {ζ, ψ}. For example, the arrangement [{ζ, ψ}; p] is a competitive equilibrium if −100 ≤ pζ = pψ ≤ 100, and the arrangement [∅; p] is a competitive equilibrium if pζ = pψ ≥ 100 or pζ = pψ ≤ −100.27 Note that there are Pareto-comparable competitive equilibria: both f1 and f2 strictly prefer [{ζ, ψ}; (0, 0)] over any other competitive equilibrium with pζ = pψ . As pointed out by Hart (1975), the existence of Pareto-comparable equilibria suggests that equilibria are constrained suboptimal.28 The competitive equilibria of the form [{ζ, ψ}; p] and [∅; p] with pζ = pψ 6= 0 are constrained Pareto-inefficient. In contrast, by the First Welfare Theorem, competitive equilibria cannot be Pareto-comparable in economies without transaction taxes (see Online Appendix F). The second example shows that adding an outside option for f1 to Example 1 can shut down trade between f1 and f2 . The fact that enlarging the market can harm all firms suggests that equilibria are constrained suboptimal in the enlarged market (Hart, 1975). The constrained suboptimality is due to pecuniary externalities. In the context of Examples 1 and 2, adding an outside option can cause prices to become extreme, inducing heavy trading losses (due to taxes) that shut down the market. In contrast, in economies without transaction taxes, adding an outside option can only affect which other trades are realized if the outside option is used in equilibrium (see Online Appendix F). Example 2 (Cyclic economy with an outside trade). As depicted in Figure 2(b), there 27



In general, [{ζ, ψ}; p] is a competitive equilibrium if and only if



min{pζ , 0.9pζ } + min{−pψ , −0.9pψ } ≥ −10 and min{−pζ , −0.9pζ } + min{pψ , 0.9pψ } ≥ −10. Similarly, [∅; p] is a competitive equilibrium if and only if min{pζ , 0.9pζ } + min{−pψ , −0.9pψ } ≤ −10 and min{−pζ , −0.9pζ } + min{pψ , 0.9pψ } ≤ −10. 28



See also Jagadeesan (2017b) for a related discussion in the context of matching markets.
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are three firms, f1 , f2 , and f3 , which interact via three trades. The firms’ utility functions are X e tω , ufi (Ξ, t) = v fi (Ξ) + ω∈Ωfi



where v fi is the valuation of firm fi . We let v fi (∅) = 0 for all firms. Extending Example 1, firm f1 ’s valuation is defined by v f1 ({ζ, ψ}) = v f1 ({ζ 0 , ψ}) = 10 v f1 ({ζ}) = v f1 ({ζ 0 }) = v({ψ}) = −∞ v f1 ({ζ, ζ 0 }) = v f1 ({ζ, ζ 0 , ψ}) = −∞. As in Example 1, firm f2 ’s valuation is defined by v f2 ({ζ, ψ}) = 10 v f2 ({ζ}) = v f2 ({ψ}) = −∞. Firm f3 ’s valuation is defined by v f3 ({ζ 0 }) = 300. Trade ζ 0 cannot be realized in equilibrium due to the technological constraints of f1 and f2 . Thus, we must have pζ 0 ≥ 300 in any competitive equilibrium, since f3 must weakly prefer ∅ over {ζ 0 } in equilibrium. In order for trade to occur, f1 must prefer ζ over ζ 0 , and so we must have pζ ≥ 300. With 10% taxation and pζ ≥ 300, at least $30 in taxes must be paid if ζ is traded. But $30 exceeds the gains from trade between f1 and f2 , and so trade cannot occur in any competitive equilibrium. An example of a competitive equilibrium is [∅; p] , where pζ = pψ = pζ 0 = 350. Thus, introducing an outside option that is not used can shut down a market when there are distortionary transaction taxes.29



4



Existence of competitive equilibria



Due to the presence of indivisibilities, competitive equilibria need not exist in our model without further assumptions on preferences. Our key condition is full substi29



However, firms f1 and f2 trade ζ and ψ in every core outcome, and the core is non-empty. Indeed, the outside option does not disrupt trade in the core because f1 and f3 cannot form a core block without breaking off all trade with f2 .
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tutability (Hatfield et al., 2013).30 Intuitively, full substitutability requires that any firm views its upstream trades as gross substitutes, its downstream trades as gross substitutes, but any upstream and downstream trades as gross complements.31 Assumption 1 (Full substitutability—FS, Hatfield et al., 2013). For all f ∈ F and 0 , we have all finite sets of contracts Y, Y 0 ⊆ Xf with Yf → ⊆ Yf0→ and Y→f ⊇ Y→f Z 0 ∩ Yf → ⊆ Z



0 and Z ∩ Y→f ⊆ Z0



if C f (Y ) = {Z} and C f (Y 0 ) = {Z 0 }. Full substitutability requires that an expansion in the set of upstream (resp. downstream) options and a contraction in the set of downstream (resp. upstream) options only makes upstream (resp. downstream) contracts less attractive and downstream (resp. upstream) contracts more attractive for the firm. Technically, we impose this condition only on sets of contracts from which the firm’s utility-maximizing choice is unique. In Appendix B, we show that full substitutability is equivalent to a substitutability property that deals with indifferences more explicitly.32 Hatfield et al. (2013) also need to assume that firms’ valuations of sets of trades are never +∞ to ensure that equilibrium exists. We impose a similar condition that is adapted to settings in which utility is not perfectly transferable. Our condition requires that compensating variations of moving from autarky to trade are bounded below—i.e., that no set of trades is so desirable that it is preferred to autarky at any level of total transfers. This condition is satisfied in transferable utility economies when valuations are bounded above. Assumption 2 (Bounded compensating variations—BCV). For all f ∈ F, we have inf



uf (Ξ,t)≥0



X



tω > −∞.



ω∈Ωf



30 Full substitutability generalizes gross substitutability (Kelso and Crawford, 1982; Gul and Stacchetti, 1999). We use the choice-language full substitutability condition introduced by Hatfield et al. (2013), which extends the same-side substitutability and cross-side complementarity conditions of Ostrovsky (2008) to choice correspondences. 31 Section IIB in Hatfield et al. (2013) provides a detailed discussion of the full substitutability condition in the context of trading networks with transferable utility. For example, full substitutability rules out complementarities between inputs. 32 Several of our proofs use the equivalence between our two definitions of full substitutability.
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P BCV requires that net transfers ω∈Ωf tω are bounded below over all transfer vectors t that are acceptable alongside some set of trades Ξ. If a firm is willing to accept trades alongside arbitrary negative net transfers, then BCV fails. BCV is a weak assumption that is likely to be satisfied in any real-world economy. In particular, BCV is satisfied in Examples 1 and 2. Note that BCV allows for technological constraints, in that it permits sets of trades to be so undesirable to a firm that they remain worse than autarky regardless of how much the firm receives in transfers. FS and BCV together ensure the existence of competitive equilibria in trading networks. In Online Appendix F, we show by example that competitive equilibria may not exist if BCV is not satisfied. Theorem 1. Under FS and BCV, competitive equilibria exist. To prove Theorem 1, we construct a modified economy by giving every firm an option to execute any trade at a very undesirable price. We discretize prices and use a generalized Deferred Acceptance algorithm (Ostrovsky, 2008; Hatfield and Kominers, 2012; Fleiner et al., 2016) to show the existence of approximate equilibria in the modified economy. A limiting argument yields the existence of competitive equilibria in the modified economy, as in Crawford and Knoer (1981) and Kelso and Crawford (1982). Using BCV, we obtain competitive equilibria in the original economy.33



5



Relationships between competitive equilibria and cooperative solution concepts



We now study the relationship between competitive equilibria and cooperative solution concepts from matching theory. Instead of assuming that firms are price-takers, we allow firms to recontract while keeping or dropping existing contracts. We focus on two solution concepts: trail stability and stability. A key ingredient of any reasonable stability property is individual rationality, which requires that no firm wants to drop any signed contract. Definition 2 (Roth, 1984; Hatfield et al., 2013). An outcome A ⊆ X is individually rational if Af ∈ C f (Af ) for all f ∈ F . 33



Theorem 1 generalizes Theorem 2 in Kelso and Crawford (1982) and Theorem 1 in Hatfield et al. (2013).
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5.1



Trail stability



Trail stability is a natural extension of pairwise stability (in the sense of Gale and Shapley, 1962) to trading networks (Fleiner et al., 2016). A trail is a sequence of contracts such that a buyer in one contract is a seller in the next contract. A trail may involve a firm more than once and can begin and end with contracts that involve the same firm. Definition 3. A sequence of contracts (x1 , . . . , xn ) is a trail if b(xi ) = s(xi+1 ) for all 1 ≤ i ≤ n − 1. Trail-stable outcomes are immune to sequential deviations called locally blocking trails. A locally blocking trail begins with a firm offering a sale that it wishes to sign given its existing contracts, possibly while dropping some existing contracts. The buyer may accept the offered contract while dropping some of his existing contracts, in which case a locally blocking trail is formed. The buyer may also hold the proposal and offer an additional sale to the original proposer or to another firm. This trail of linked offers continues until a firm accepts an offered contract without having to offer another sale, in which case a locally blocking trail is formed.34 Our formal definition of trail stability extends the definition given by Fleiner et al. (2016) to settings with indifferences. Definition 4. A trail (z1 , . . . , zn ) locally blocks an outcome A if: • Af1 ∈ / C f1 (Af1 ∪ {z1 }), where f1 = s(z1 ); • Afi+1 ∈ / C fi+1 (Afi+1 ∪ {zi , zi+1 }) for 1 ≤ i ≤ n − 1, where fi+1 = b(zi ) = s(zi+1 ); and • Afn+1 ∈ / C fn+1 (Afn+1 ∪ {zn }), where fn+1 = b(zn ). Such a trail is called a locally blocking trail. An outcome is trail-stable if it is individually rational and there is no locally blocking trail. A trail locally blocks an individually rational outcome if, at every point at which a trail passes through a firm, the firm would like some of the contracts that are available to it locally in the trail (when given access to the existing contracts). Intuitively, one 34



Note that locally blocking trails can also develop in the reverse direction, with firms offering purchases instead of sales.
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should think of contracts in a locally blocking trail as being proposed by telephone by a manager at one firm to a manager at another (Fleiner et al., 2016). If the sequence of phone conversations returns to a firm, a different manager (e.g., one from another division) picks up the phone and considers the latest offer. His decisions are independent of the offers received and made by the first manager. Any manager’s unilateral decision to accept an offered contract completes a locally blocking trail.



5.2



A cooperative interpretation of competitive equilibria



The main result of this section provides a cooperative interpretation of competitive equilibrium that holds even in the presence of frictions. Theorem 2. Every competitive equilibrium outcome is trail-stable. Theorem 2 implies that price-taking firms cannot improve upon a market equilibrium by deviating along trails. In light of Theorem 2, any prediction of our model that holds in every trail-stable outcome must hold in every competitive equilibrium outcome. To see the intuition behind Theorem 2, consider any competitive equilibrium and any trail. In order for sellers to want to propose the contracts in the trail, the prices of all trades in the trail must be greater than their equilibrium prices. But the last buyer will only accept an offer if the price in the last contract is lower than the equilibrium price of the corresponding trade. Hence, there cannot be any locally blocking trails. Theorem 2 does not require any assumptions beyond the monotonicity of utility in transfers. As we will show in Section 5.3, competitive equilibria do not satisfy stronger cooperative solution concepts in the presence of frictions. In light of Theorem 2, the conclusions of Examples 1 and 2 hold for trail-stable outcomes as well. Thus, trail-stable outcomes can suffer from constrained suboptimality due to pecuniary externalities despite being defined cooperatively.35 Theorems 1 and 2 yield sufficient conditions for the existence of trail-stable outcomes.36 35 As shown by Blair (1988), Klaus and Walzl (2009), and Jagadeesan (2017b), (pairwise) stable outcomes can suffer from constrained suboptimality even in two-sided many-to-many matching markets. 36 Corollary 1 is a version of Theorem 1 in Fleiner et al. (2016)—which generalizes Theorem 1 in Ostrovsky (2008) from supply chains to general networks—for settings with prices that are continuous and potentially unbounded.
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Corollary 1. Under FS and BCV, trail-stable outcomes exist.



5.3



Stability



Groups of firms might still be able to commit to recontracting at a trail-stable outcome. Stability rules out such recontracting opportunities (blocks), and may be a more natural solution concept in settings in which firms can coordinate easily.37 Hatfield et al. (2013) extend the definition of stability to settings with indifferences. Definition 5 (Hatfield et al., 2013). A non-empty set of contracts Z ⊆ X r A blocks A if, for all f ∈ F and Y ∈ C f (Af ∪ Zf ), we have Zf ⊆ Y . An outcome is stable if it is individually rational and unblocked. In a stable outcome, no group of firms can commit to recontracting among themselves while being free to drop any contracts. Unfortunately, competitive equilibria may be unstable in the presence of frictions; moreover, stable outcomes need not even exist.38 Hence, as Fleiner et al. (2016) argue, stability may be too stringent of a solution concept in general networks. Example 2 continued (Stable outcomes need not exist in the presence of frictions). There are no stable outcomes in Example 2. Indeed, note that the no-trade outcome is unstable, since it is blocked by trade between f1 and f2 . Note also that f1 and f3 cannot trade in any individually rational outcome due to the technological constraints faced by f1 and f2 . On the other hand, any individually rational outcome that involves trade between f1 and f2 is blocked by trade between f1 and f3 . Indeed, note that ζ cannot be traded at any price greater than $200 in an individually rational outcome, since the social surplus of trade between f1 and f2 is only $20 and making a transfer of at least $200 requires paying a transaction tax of at least $20. But the contract (ζ 0 , 250) blocks any outcome in which ζ is traded at price below $250.39 37



See Roth (1984, 1985), Hatfield and Milgrom (2005), Echenique and Oviedo (2006), and Hatfield and Kominers (2012, 2017). 38 Determining whether a stable outcome exists and determining whether a particular outcome is stable are both computationally intractable problems in trading networks with cycles and discrete contracts (Fleiner, Jank´ o, Schlotter, and Teytelboym, 2017). Trail stability is more natural from a computational perspective—trail-stable outcomes can be found in polynomial time using the generalized Deferred Acceptance algorithm under full substitutability (Fleiner et al., 2016). 39 An alternative proof can be given using one of our lifting results (Theorem 3). Indeed, note that the no-trade outcome is not stable. However, any stable outcome must lift to a competitive equilibrium by Theorem 3, and trade does not occur in any competitive equilibrium.
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As noted by Hatfield and Kominers (2012), requiring that the trading network is acyclic—i.e., that it forms a vertical supply chain—helps restore the existence of stable outcomes in settings with discrete, bounded prices. Appendix A shows that similar logic carries over to our setting, which features unbounded, continuous prices. Even in trading networks with cycles, under FS, stability actually refines trail stability.40 Proposition 1. Under FS, every stable outcome is trail-stable. If FS is not satisfied, then stable outcomes may not be trail-stable (see Online Appendix F).



5.4



Competitive interpretations of trail stability and stability



We now develop competitive interpretations of trail stability and stability. Formally, we say that an outcome A lifts to a competitive equilibrium if A is a competitive equilibrium outcome—that is, if A can be supported by competitive equilibrium prices. As an outcome specifies prices for realized trades, the non-trivial part of lifting an outcome to a competitive equilibrium is finding equilibrium prices for unrealized trades. Hatfield et al. (2013) show by example that stable outcomes do not generally lift to competitive equilibria when FS is not satisfied. Therefore, we maintain FS throughout this section. We first prove a positive result, namely that stable outcomes lift to competitive equilibria under the conditions for the existence of competitive equilibria.41 Theorem 3. Under FS and BCV, stable outcomes lift to competitive equilibria. Frictions can cause stable outcomes to fail to exist in general networks as Example 2 shows. Therefore, for many trading networks with frictions, Theorem 3 has no bite. On the other hand, trail-stable outcomes need not lift to competitive equilibria even under FS and BCV, as the following example shows. 40



Proposition 1 is a version of Lemma 5 in Fleiner et al. (2016) for settings with prices that are continuous and potentially unbounded. 41 Theorem 3 generalizes Theorem 6 in Hatfield et al. (2013) to trading networks with distortionary frictions and income effects. Stable outcomes exist in acyclic networks even in the presence of frictions, as we show in Appendix A.
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Example 3 (Trail-stable outcomes need not lift to competitive equilibria under FS and BCV). As depicted in Figure 2(a), there are two firms, f1 and f2 , which interact via two trades. The firms’ share the same utility function ufi (Ξ, t) = v(Ξ) +



X



tω ,



ω∈Ω



where v is as in Example 1. The no-trade outcome is trail-stable but inefficient. However, since utility is transferable, all competitive equilibrium outcomes are efficient. In particular, the no-trade outcome cannot lift to a competitive equilibrium. In Example 3, both firms face hard technological constraints: they are unwilling to execute any trade individually at any finite price, but would like to complete both trades together. The no-trade outcome is trail-stable because neither the buyer nor the seller is willing to offer to buy or sell a single trade at any finite price. To ensure that trail-stable outcomes lift to a competitive equilibrium, we impose a different regularity condition than BCV. Intuitively, we require that firms have bounded willingness to pay for any trade. Assumption 3 (Bounded willingness to pay—BWP). There exists M such that for all firms f ∈ F and all finite sets of contracts Y, Z ⊆ Xf with Z ∈ C f (Y ): • If (ω, pω ) ∈ Z→f , then pω < M . • If (ω, pω ) ∈ Zf → , then pω > −M . BWP requires that no firm is willing to pay more than M for any trade—i.e., no firm is willing to buy any trade at a price more than M or sell any trade at a price less than −M . BWP rules out certain technological constraints, including those that are permitted under BCV and by Hatfield et al. (2013). In particular, BWP does not allow a firm to require a particular input in order to produce a particular output as such constraints make a firm willing to pay arbitrarily high prices for the input if the firm is able to procure arbitrarily high prices for the output. However, BWP allows for capacity constraints, since they never make trades desirable at extremely unfavorable prices. BWP helps ensure that trail-stable outcome lift to competitive equilibria.42 42



Despite the fact that BWP is not satisfied in Examples 1 and 2, trail-stable outcomes lift to competitive equilibria in both examples. Thus, BWP is sufficient but not necessary for trail-stable outcomes to lift to competitive equilibria.
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Theorem 4. Under FS and BWP, trail-stable outcomes lift to competitive equilibria. Theorem 4 provides a competitive interpretation of trail stability: any trail-stable outcome is consistent with price-taking equilibrium behavior by all firms (at least under FS and BWP). In light of Theorem 4, any prediction of our model that holds in every competitive equilibrium must hold in every trail-stable outcome. Theorems 2 and 4 imply that competitive equilibria are essentially equivalent to trail-stable outcomes in our model.43 Corollary 2. Under FS and BWP, competitive equilibrium outcomes and trail-stable outcomes exist and coincide. Corollary 2 provides competitive foundations for trail stability and cooperative foundations for competitive equilibrium: the assumption that firms coordinate on a trail-stable outcome (as in a thin market) produces the same predictions as the assumption that firms take prices in equilibrium (as in a thick market). Therefore, equilibrium analysis can be performed using scale-independent solution concepts, even in markets with frictions.



6



Complete markets



Trail-stable and competitive equilibrium outcomes might be constrained Pareto-inefficient in the presence of proportional transaction taxes or other distortionary frictions (see Examples 1 and 2). In the presence of transaction taxes, for example, all firms find reductions in outgoing payments more desirable than equal increases in incoming payments. As a result, firms have different marginal rates of substitution between forms of transfer, unlike in settings with complete financial markets. Since we do not explicitly model financial markets, we formalize “equalization of marginal rates of substitution between forms of transfer” as “indifference between all forms of transfers” in defining our market completeness condition. Intuitively, if the firms share the same marginal rates of substitution between forms of transfer, then transfers can be redenominated so that the marginal rates of substitution become 1. The possibility of redenomination is precisely why, for example, the presence of multiple currencies does not cause market incompleteness per se. 43



To derive Corollary 2 formally, we need to establish that competitive equilibria exist under FS and BWP. Theorem D.1 in the Online Appendix proves this fact.
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Assumption 4 (Complete markets—CM). For all f ∈ F and t, t0 ∈ RΩf with P P 0 f f 0 ω∈Ωf tω , we have u (Ξ, t) = u (Ξ, t ) for all Ξ ⊆ Ωf . ω∈Ωf tω = Recall that, in Examples 1 and 2, paying one unit is more costly for firms than receiving one unit (due to transaction taxes). Assumption CM rules out these differences in the costs of transfers and requires that firms only care about their total transfer over all signed contracts. Therefore, CM requires that a unit of transfer for one trade be equivalent to a unit of transfer for any other trade.44 Under CM, we can P write uf (Ξ, t) = uf (Ξ, q), where q = ω∈Ω tω is the total or net transfer. Note that while CM rules out distortionary frictions—such as variable sales taxes, bargaining costs, and incompleteness in financial markets—fixed transaction costs and income effects are still permitted under CM.45 We begin our analysis of trading networks with complete markets by recalling the definition of strong group stability, which is the most stringent stability property from the literature on matching with contracts. A strongly group stable outcome is immune to blocks by coalitions of firms that can commit to better, new contracts and maintain any existing contracts with each other and with firms outside the blocking coalition. Definition 6 (Hatfield et al., 2013). An outcome A is strongly unblocked if there do not exist a non-empty set Z ⊆ X r A and sets of contracts Y f ⊆ Af ∪ Zf for f ∈ F  such that Y f ⊇ Zf and U f Y f > U f (Af ) for all f ∈ F with Zf 6= ∅. An outcome is strongly group stable if A it is individually rational and strongly unblocked. In Definition 6, Y f is the set of contracts that f signs in the block. Note that Y f need not be f ’s best choice from the set of available contracts. In particular, strong group stability rules out blocks in which firms only improve their utility by selecting all of the blocking contracts. Hence, as Hatfield et al. (2013) show, strong group stability is stronger than stability. Moreover, Y f can contain existing contracts that the counterparties no longer want. In particular, strong group stability rules out blocks in which different members of the blocking coalition can make selections from 44



In particular, any transferable utility economy satisfies CM. When assumed jointly, FS and CM restrict income effects for certain agents. In particular, intermediaries who buy or sell more than one trade cannot experience income effects. However, firms that act only as buyers or only as sellers can experience limited income effects. Moreover, firms that buy or sell only one trade at a time can experience arbitrary income effects. In incomplete markets, on the other hand, all firms can experience income effects even under FS. 45
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the set of existing contracts that are incompatible with one another or involve firms outside the coalition. Hence, strong group stability also refines properties such as (strong) setwise stability (Echenique and Oviedo, 2006; Klaus and Walzl, 2009) and the core.46 It appears extremely unlikely that firms would rationally deviate from a strongly group stable outcome, and competitive equilibria are strongly group stable in complete markets.47 Theorem 5 (First Welfare Theorem). Under CM, competitive equilibrium outcomes are strongly group stable. Since strongly group stable outcomes are stable and in the core, Theorem 5 implies that competitive equilibrium outcomes are stable and in the core in complete markets. As core outcomes are Pareto-efficient, Theorem 5 is a version of the First Welfare Theorem (Debreu, 1951). Combining Theorem 5 with our results on markets with frictions, we obtain that all the solution concepts described in this paper are essentially equivalent in complete markets (under FS and BWP). Corollary 3. Under FS, BWP, and CM, competitive equilibrium outcomes, strongly group stable outcomes, stable outcomes, and trail-stable outcomes exist and coincide. When markets are complete, we can also restate BCV more simply using only total transfers, since firms are indifferent regarding the sources of transfers. Assumption 20 (Bounded CVs under CM—BCV-CM). For all f ∈ F, we have inf



uf (Ξ,q)≥uf (∅,0)



q > −∞.



In complete markets, under FS and BCV-CM, we obtain an equivalence between competitive equilibrium and (strong group) stability.48 46



As pointed out by Hatfield et al. (2013), strong group stability also refines strong stability ¨ (Hatfield and Kominers, 2015), and group stability (Konishi and Unver, 2006). 47 Theorem 5 extends Theorem 5 in Hatfield et al. (2013), which shows that competitive equilibrium outcomes are strongly group stable, to settings with income effects or risk aversion. 48 Corollary 4 generalizes Theorem 5 and the first part of Theorem 9 in Hatfield et al. (2013), which deals with transferable utility economies.
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Corollary 4. Under FS, BCV-CM, and CM, competitive equilibrium outcomes, strongly group stable outcomes, and stable outcomes exist and coincide.49



7



Conclusion



This paper develops a model of differentiated markets with frictions based on matching in trading networks. Competitive equilibria exist in our model when trades are fully substitutable (under mild regularity conditions) but may be inefficient. In the presence of frictions, competitive equilibria may be unstable but still essentially coincide with trail-stable outcomes. In complete markets, on the other hand, competitive equilibria are essentially equivalent to stable outcomes and trail-stable outcomes, even in the presence of income effects. Our results provide new cooperative foundations of competitive equilibria and competitive foundations for trail stability that apply in thin markets and in markets with frictions. We leave two theoretical open questions. First, can the complete markets condition be relaxed while still guaranteeing that competitive equilibria give rise to stable outcomes? Second, to what extent can the condition that firms have bounded willingness to pay for trades be relaxed while still ensuring that trail-stable outcomes lift to competitive equilibria?



49



A similar argument to the proof of Corollary 4 shows that chain stability (in the sense of Hatfield et al., 2015a) coincides with (strong group) stability, trail stability, and competitive equilibrium under FS, BCV-CM, and CM. Indeed, the proof of Proposition 1 shows that chain-stable outcomes are trail-stable under FS, and the proof of Theorem 3 shows that chain-stable outcomes lift to competitive equilibria under FS and BCV. Hatfield et al. (2015a) and Ikebe et al. (2015) prove similar equivalence results for transferable utility economies. However, competitive equilibria are not chain-stable in the presence of distortionary frictions. For instance, there are no chain-stable outcomes in Example 2.
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A



Acyclic networks



In acyclic trading networks, or supply chains, no firm can be simultaneously upstream and downstream from another firm even via intermediaries (Ostrovsky, 2008; Westkamp, 2010; Hatfield and Kominers, 2012). Assumption A.1 (Acyclicity—AC). There do not exist n ≥ 1 and trades ω1 , . . . , ωn such that s(ωi+1 ) = b(ωi ) for all 1 ≤ i ≤ n, where ωn+1 = ω1 . As shown by Ostrovsky (2008) and Hatfield and Kominers (2012), imposing acyclicity can help ensure the existence of stable outcomes in trading networks with frictions. In acyclic networks, trail stability is tautologically equivalent to chain stability (in the sense of Ostrovsky, 2008). The following lemma relates stability and trail stability in acyclic networks. Lemma A.1. Under FS and AC, every trail-stable outcome is stable. Proposition 1 and Lemma A.1 imply that trail-stable and stable outcomes coincide in supply chains under FS, yielding a continuous-price version of Theorem 7 in Hatfield and Kominers (2012). We now derive several results concerning acyclic networks as corollaries of our results on general trading networks with frictions. First, competitive equilibria are stable under FS and AC (by Theorem 2 and Lemma A.1). Corollary A.1. Under FS and AC, every competitive equilibrium outcome is stable. Theorem 1 and Corollary A.1 imply that FS, BCV, and AC are together sufficient for the existence of stable outcomes.50 Corollary A.2. Under FS, BCV, and AC, stable outcomes exist. In light of Lemma A.1, trail-stable outcomes must lift to competitive equilibria in supply chains under FS and BCV by Theorem 3. Thus, imposing acyclicity allows us to replace BWP with BCV in Theorem 4. Corollary A.3. Under FS, BCV, and AC, trail-stable outcomes lift to competitive equilibria. 50



Corollary A.2 is a version of Theorem 1 in Ostrovsky (2008) and Theorem 3 in Hatfield and Kominers (2012) for settings in which prices are continuous. However, Corollary A.2 holds even when willingness to pay is unbounded (i.e., BWP is not satisfied), unlike the existence results proved by Ostrovsky (2008) and Hatfield and Kominers (2012).
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B



An equivalent definition of full substitutability



This appendix states a version of Theorem A.1 in Hatfield et al. (2015b). More precisely, we show that full substitutability implies strong full substitutability, a condition that deals with indifferences more directly. Strong full substitutability combines four conditions, which are each similar to conditions defined in Appendix A in Hatfield et al. (2015b). The first condition, increasing-price full substitutability for sales, requires that sales are substitutable to each other and complementary to purchases as prices rise (i.e., as the set of available purchases shrinks and the set of available sales expands). The analogous condition for purchases is decreasing-price full substitutability for purchases. We also consider similar two other conditions, decreasing-price full substitutability for sales and increasingprice full substitutability for purchases, which are not exactly analogous to the first two conditions due to income effects. Assumption 10 (Strong FS—SFS). For all f ∈ F, finite Y, Y 0 ⊆ Xf , and Z ∈ C f (Y ): 0 • (Increasing-price full substitutability for sales—IFSS) If Y→f ⊇ Y→f and Yf → ⊆ Yf0→ , then there exists Z 0 ∈ C f (Y 0 ) with Z 0 ∩ Yf → ⊆ Z.



• (Decreasing-price full substitutability for purchases—DFSP) If Yf → ⊇ Yf0→ and 0 Y→f ⊆ Y→f , then there exists Z 0 ∈ C f (Y 0 ) with Z 0 ∩ Y→f ⊆ Z. For all f ∈ F, finite Y, Y 0 ⊆ Xf , and y ∈ Y such that there exists Z ∈ C f (Y ) with y ∈ Z: 0 • (Decreasing-price full substitutability for sales—DFSS) If Y→f ⊆ Y→f and 0 0 f 0 0 Yf → ⊇ Yf → 3 y, then there exists Z ∈ C (Y ) with y ∈ Z .



• (Increasing-price full substitutability for purchases—IFSP) If Yf → ⊆ Yf0→ and 0 Y→f ⊇ Y→f 3 y, then there exists Z 0 ∈ C f (Y 0 ) with y ∈ Z 0 . The main theorem of this section asserts that FS and SFS are equivalent. Theorem B.1. FS is equivalent to SFS. We use Theorem B.1 to deal with indifferences in the proofs of several of our results. Although Hatfield et al. (2015b) rule out income effects, Theorem B.1 is logically independent of Theorem A.1 in Hatfield et al. (2015b) since we derive a weaker conclusion. 28



References Abdulkadiro˘glu, A. and T. S¨onmez (1999). House allocation with existing tenants. Journal of Economic Theory 88 (2), 233–260. Alkan, A. (1989). Existence and computation of matching equilibria. European Journal of Political Economy 5 (2-3), 285–296. Alkan, A. and D. Gale (1990). The core of the matching game. Games and Economic Behavior 2 (3), 203–212. Alva, S. (2015). Pairwise stability and complementarity in matching with contracts. Working paper. Andersson, T. and L.-G. Svensson (2014). Non-manipulable house allocation with rent control. Econometrica 82 (2), 507–539. Arrow, K. J. (1953). Le rˆole des valeurs boursi`eres pour la r´epartition la meilleure des risques. Colloques Internationaux du Centre National de la Recherche Scientifique 11, 41–47. Translated in “The Role of Securities in the Optimal Allocation of Risk Bearing” (1964), Review of Economic Studies 31 (2), 91–96. Aumann, R. J. (1964). Markets with a continuum of traders. Econometrica 32 (1–2), 39–50. Ausubel, L. M. (2006). An efficient dynamic auction for heterogeneous commodities. American Economic Review 96 (3), 602–629. Ausubel, L. M. and P. R. Milgrom (2002). Ascending auctions with package bidding. Frontiers of Theoretical Economics 1 (1), 1–42. Ayg¨ un, O. and T. S¨onmez (2013). Matching with contracts: Comment. American Economic Review 103 (5), 2050–2051. Baldwin, E. and P. Klemperer (2015). Understanding preferences: “Demand types,” and the existence of equilibrium with indivisibilities. Working paper. Blair, C. (1988). The lattice structure of the set of stable matchings with multiple partners. Mathematics of Operations Research 13 (4), 619–628. Chade, H., J. Eeckhout, and L. Smith (2017). Sorting through search and matching models in economics. Journal of Economic Literature 55 (2), 493–544. Cherchye, L., T. Demuynck, B. De Rock, and F. Vermeulen (2017). Household consumption when the marriage is stable. American Economic Review 107 (6), 1507– 1534.



29



Chiappori, P.-A., S. Oreffice, and C. Quintana-Domeque (2012). Fatter attraction: Anthropometric and socioeconomic matching on the marriage market. Journal of Political Economy 120 (4), 659–695. Chiappori, P.-A. and P. J. Reny (2016). Matching to share risk. Theoretical Economics 11 (1), 227–251. Chiappori, P.-A., B. Salani´e, and Y. Weiss (2015). Assortative matching on the marriage market: A structural investigation. Working paper. Choo, E. and A. Siow (2006). Who marries whom and why. Journal of Political Economy 114 (1), 175–201. Crawford, V. P. and E. M. Knoer (1981). Job matching with heterogeneous firms and workers. Econometrica 49 (2), 437–450. Danilov, V., G. Koshevoy, and K. Murota (2001). Discrete convexity and equilibria in economies with indivisible goods and money. Mathematical Social Sciences 41 (3), 251–273. Debreu, G. (1951). The coefficient of resource utilization. Econometrica 19 (3), 273– 292. Debreu, G. and H. Scarf (1963). A limit theorem on the core of an economy. International Economic Review 4 (3), 235–246. Demange, G. and D. Gale (1985). The strategy structure of two-sided matching markets. Econometrica 53 (4), 873–888. Dr`eze, J. H. (1975). Existence of an exchange equilibrium under price rigidities. International Economic Review 16 (2), 301–320. Dupuy, A. and A. Galichon (2014). Personality traits and the marriage market. Journal of Political Economy 122 (6), 1271–1319. Echenique, F. and J. Oviedo (2006). A theory of stability in many-to-many matching markets. Theoretical Economics 1 (1), 233–273. Edgeworth, F. Y. (1881). Mathematical Psychics: An Essay on the Application of Mathematics to the Moral Sciences. C. Kegan Paul & Company. Fleiner, T., Z. Jank´o, I. Schlotter, and A. Teytelboym (2017). Complexity of stable outcomes in trading networks. Working paper. Fleiner, T., Z. Jank´o, A. Tamura, and A. Teytelboym (2016). Trading networks with bilateral contracts. Working paper.



30



Fox, J. T. (2010). Identification in matching games. Quantitative Economics 1 (2), 203–254. Fox, J. T. (2017b). Specifying a structural matching game of trading networks with transferable utility. American Economic Review 107 (5), 256–260. Fox, J. T. (Forthcoming, 2017a). Estimating matching games with transfers. Quantitative Economics. Fox, J. T. and P. Bajari (2013). Measuring the efficiency of an fcc spectrum auction. American Economic Journal: Microeconomics 5 (1), 100–146. Fox, J. T., D. H. Hsu, and C. Yang (Forthcoming, 2017). Unobserved heterogeneity in matching games with an application to venture capital. Journal of Political Economy. Gale, D. and L. S. Shapley (1962). College admissions and the stability of marriage. American Mathematical Monthly 69 (1), 9–15. Galichon, A., S. D. Kominers, and S. Weber (2016). Costly concessions: An empirical framework for matching with imperfectly transferable utility. Working paper. Galichon, A. and B. Salani´e (2014). Cupid’s invisible hand: Social surplus and identification in matching models. Working paper. Geanakoplos, J., M. Magill, M. Quinzii, and J. Dr`eze (1990). Generic inefficiency of stock market equilibrium when markets are incomplete. Journal of Mathematical Economics 19 (1), 113–151. Geanakoplos, J. and H. Polemarchakis (1986). Existence, regularity, and constrained suboptimality of competitive allocations when the asset market is incomplete. In W. Heller, R. Starr, and D. Starrett (Eds.), Uncertainty, information and communication: Essays in honor of Kenneth J. Arrow, Volume III, Chapter 3, pp. 65–96. Cambridge University Press. Gul, F. and E. Stacchetti (1999). Walrasian equilibrium with gross substitutes. Journal of Economic Theory 87 (1), 95–124. Gul, F. and E. Stacchetti (2000). The English auction with differentiated commodities. Journal of Economic Theory 92 (1), 66–95. Hart, O. D. (1975). On the optimality of equilibrium when the market structure is incomplete. Journal of Economic Theory 11 (3), 418–443. Hatfield, J. W. and S. D. Kominers (2012). Matching in networks with bilateral contracts. American Economic Journal: Microeconomics 4 (1), 176–208. 31



Hatfield, J. W. and S. D. Kominers (2015). Multilateral matching. Journal of Economic Theory 156, 175–206. Hatfield, J. W. and S. D. Kominers (2017). Contract design and stability in manyto-many matching. Games and Economic Behavior 101, 78–97. Hatfield, J. W., S. D. Kominers, A. Nichifor, M. Ostrovsky, and A. Westkamp (2013). Stability and competitive equilibrium in trading networks. Journal of Political Economy 121 (5), 966–1005. Hatfield, J. W., S. D. Kominers, A. Nichifor, M. Ostrovsky, and A. Westkamp (2015a). Chain stability in trading networks. Working paper. Hatfield, J. W., S. D. Kominers, A. Nichifor, M. Ostrovsky, and A. Westkamp (2015b). Full substitutability. Working paper. Hatfield, J. W. and P. Milgrom (2005). Matching with contracts. American Economic Review 95 (4), 913–935. Hatfield, J. W., C. R. Plott, and T. Tanaka (2012). Understanding price controls and nonprice competition with matching theory. American Economic Review 102 (3), 371–375. Hatfield, J. W., C. R. Plott, and T. Tanaka (2016). Price controls, non-price quality competition, and the nonexistence of competitive equilibrium. Games and Economic Behavior 99, 134–163. Herings, P. J.-J. (2015). Equilibrium and matching under price controls. Working paper. Hilber, C. A. L. and T. Lyytik¨ainen (Forthcoming, 2017). Transfer taxes and household mobility: Distortion on the housing or labor market? Journal of Urban Economics. Ikebe, Y. T., Y. Sekiguchi, A. Shioura, and A. Tamura (2015). Stability and competitive equilibria in multi-unit trading networks with discrete concave utility functions. Japan Journal of Industrial and Applied Mathematics 32 (2), 373–410. Jaffe, S. and S. D. Kominers (2014). Taxation in matching markets. Working paper. Jagadeesan, R. (2017a). Complementary inputs and the existence of stable outcomes in large trading networks. Working paper. Jagadeesan, R. (2017b). Matching with frictions is general equilibrium with incomplete markets. In preparation.



32



Kaneko, M. (1982). The central assignment game and the assignment markets. Journal of Mathematical Economics 10 (2–3), 205–232. Kelso, A. S. and V. P. Crawford (1982). Job matching, coalition formation, and gross substitutes. Econometrica 50 (6), 1483–1504. Klaus, B. and M. Walzl (2009). Stable many-to-many matchings with contracts. Journal of Mathematical Economics 45 (7–8), 422–434. ¨ Konishi, H. and M. U. Unver (2006). Credible group stability in many-to-many matching problems. Journal of Economic Theory 129 (1), 57–80. Lee, H.-L. and R. Zeckhauser (1982). Pecuniary externalities do matter when contingent claims markets are incomplete. Quarterly Journal of Economics 97 (1), 171–179. Legros, P. and A. F. Newman (2007). Beauty is a beast, frog is a prince: Assortative matching with nontransferabilities. Econometrica 75 (4), 1073–1102. Newbery, D. M. and J. E. Stiglitz (1982). The choice of techniques and the optimality of market equilibrium with rational expectations. Journal of Political Economy 90 (2), 223–246. N¨oldeke, G. and L. Samuelson (2015a). The implementation duality. Working paper. N¨oldeke, G. and L. Samuelson (2015b). Investment and competitive matching. Econometrica 83 (3), 835–896. Ostrovsky, M. (2008). Stability in supply chain networks. American Economic Review 98 (3), 897–923. Ostroy, J. M. and W. R. Zame (1994). Nonatomic economies and the boundaries of perfect competition. Econometrica 62 (3), 593–633. Pycia, M. (2012). Stability and preference alignment in matching and coalition formation. Econometrica 80 (1), 323–362. Quinzii, M. (1984). Core and competitive equilibria with indivisibilities. International Journal of Game Theory 13 (1), 41–60. Rostek, M. and N. Yoder (2017). Matching with multilateral contracts. Working paper. Roth, A. E. (1984). Stability and polarization of interests in job matching. Econometrica 52 (1), 47–58. Roth, A. E. (1985). Conflict and coincidence of interest in job matching: Some new results and open questions. Mathematics of Operations Research 10 (3), 379–389. 33



Scarf, H. (1962). An analysis of markets with a large number of participants. In Recent Advances in Game Theory: Papers Delivered at a Meeting of the Princeton University Conference, pp. 127–155. The Ivy Curtis Press. Shapley, L. and H. Scarf (1974). On cores and indivisibility. Journal of Mathematical Economics 1 (1), 23–37. Shapley, L. S. and M. Shubik (1972). The assignment game I: The core. International Journal of Game Theory 1 (1), 111–130. Shubik, M. (1959). Edgeworth market games. In A. W. Tucker and R. D. Luce (Eds.), Contributions to the Theory of Games, Volume IV, pp. 267–278. Princeton University Press. Stiglitz, J. E. (1982). The inefficiency of the stock market equilibrium. Review of Economic Studies 49 (2), 241–261. Sun, N. and Z. Yang (2006). Equilibria and indivisibilities: Gross substitutes and complements. Econometrica 74 (5), 1385–1402. Sun, N. and Z. Yang (2009). A double-track adjustment process for discrete markets with substitutes and complements. Econometrica 77 (3), 933–952. Teytelboym, A. (2014). Gross substitutes and complements: A simple generalization. Economics Letters 123 (2), 135–138. Westkamp, A. (2010). Market structure and matching with contracts. Journal of Economic Theory 145 (5), 1724–1738.



34



























[image: Online Appendices to ``Trading Networks with Frictions]
Online Appendices to ``Trading Networks with Frictions












[image: Dynamic Pricing with Search Frictions]
Dynamic Pricing with Search Frictions












[image: Pricing and Matching with Frictions]
Pricing and Matching with Frictions












[image: Chain Stability in Trading Networks - Scott Kominers]
Chain Stability in Trading Networks - Scott Kominers












[image: Bargaining in endogenous trading networks]
Bargaining in endogenous trading networks












[image: Capital Taxes with Real and Financial Frictions - Jason DeBacker]
Capital Taxes with Real and Financial Frictions - Jason DeBacker












[image: Entry and Exit with Financial Frictions]
Entry and Exit with Financial Frictions












[image: Uncertainty in a model with credit frictions]
Uncertainty in a model with credit frictions












[image: Capital Taxes with Real and Financial Frictions]
Capital Taxes with Real and Financial Frictions












[image: Capital Taxes with Real and Financial Frictions - Jason DeBacker]
Capital Taxes with Real and Financial Frictions - Jason DeBacker












[image: A DSGE Term Structure Model with Credit Frictions]
A DSGE Term Structure Model with Credit Frictions












[image: Equilibrium in the Labor Market with Search Frictions]
Equilibrium in the Labor Market with Search Frictions












[image: Efficiency in a Directed Search Model with Information Frictions and ...]
Efficiency in a Directed Search Model with Information Frictions and ...












[image: Capital Taxes with Real and Financial Frictions]
Capital Taxes with Real and Financial Frictions












[image: Optimal Labor Market Policy with Search Frictions and ...]
Optimal Labor Market Policy with Search Frictions and ...












[image: Stable Marriage and Search Frictions]
Stable Marriage and Search Frictions












[image: Financial Market Frictions]
Financial Market Frictions















Trading Networks with Frictions






Oct 2, 2017 - the other hand, offer a credible foundation for the analysis of thick markets ... if transfers are in trade credit that is subject to imperfectly-insurable ... 






 Download PDF 



















 552KB Sizes
 0 Downloads
 217 Views








 Report























Recommend Documents







[image: alt]





Online Appendices to ``Trading Networks with Frictions 

Oct 2, 2017 - Df is (demand-language) decreasing-price fully substitutable for sales if for all p â‰¥ p âˆˆ P and Ïˆ âˆˆ Îž âˆˆ Df (p) with pÏˆ = pÏˆ, there exists Îž âˆˆ Df ...














[image: alt]





Dynamic Pricing with Search Frictions 

Aug 30, 2017 - 2017 SAET Conference, the 8th Workshop on Consumer Search and Switching Costs and ... 162 million people have provided goods or services through .... In many real-world applications, however, a large number of sellers.














[image: alt]





Pricing and Matching with Frictions 

The University of Chicago Press is collaborating with JSTOR to digitize, preserve and extend access to The ... Queen's University and Indiana University.














[image: alt]





Chain Stability in Trading Networks - Scott Kominers 

Apr 1, 2015 - We show that in general trading networks with bilateral contracts, a suitably .... economy are fully substitutable (see Definition 1 in Section 2.1), chain stable ..... vertical environments, with a flow of goods and services from the .














[image: alt]





Bargaining in endogenous trading networks 

comprehensive introduction to the theory of social and economic networks. We develop a .... a list of which pairs of players are linked to each other and ij âˆˆ g.














[image: alt]





Capital Taxes with Real and Financial Frictions - Jason DeBacker 

Jan 19, 2012 - where bt+1 represents the holding of bonds expiring in period t + 1, Vt is .... Stokey, Lucas and Prescott (1989) to show the solution to Equation ...














[image: alt]





Entry and Exit with Financial Frictions 

Sep 14, 2014 - shocks account for fluctuations in the entry and exit of establishments. To do this .... which the hazard rate is high in the steady state. ...... the difference between the Baa and Aaa interest rates reported in the Federal Reserve's.














[image: alt]





Uncertainty in a model with credit frictions 

3International Monetary Fund. T2M Conference. March 25, 2016. Uncertainty in a model with credit ... should not be taken to represent those of the Bank of England or the. International Monetary Fund. ..... (2012) at http://www.stanford.edu/Ëœnbloom/i














[image: alt]





Capital Taxes with Real and Financial Frictions 

19 Jan 2012 - corporate profits, and dividend payments. The choice of tax ... Miao (2008) shows that non-convexities in the costs of adjusting capital can lead to a larger response of investment behavior ..... example, in the United. States, while sh














[image: alt]





Capital Taxes with Real and Financial Frictions - Jason DeBacker 

Jan 19, 2012 - the frictions present. Analytical and numerical exercises show that accounting for firm ... In the following analysis, I study how real and financial frictions interact .... correlation between investment rates and measures of marginal














[image: alt]





A DSGE Term Structure Model with Credit Frictions 

the model fit of the data for macro, term structure and credit market variables, ...... and the recovery rate following entrepreneurs' defaults to be Î¾ = 0.70 to ..... economy with credit frictions generate precautionary saving motives which drive d














[image: alt]





Equilibrium in the Labor Market with Search Frictions 

not looking for a job. In the Phelps volume, however, as in the important paper by. McCall (1970), the worker is searching for a wage offer from a fixed distribution of wages, and if she is .... Petrongolo and Pissarides (2008). 6 See Pissarides (198














[image: alt]





Efficiency in a Directed Search Model with Information Frictions and ... 

Mar 31, 2014 - We show that the directed search equilibrium is not constrained efficient in a dy- namic setting .... complement them with the publicly available information. Thus, the ...... correspondence T1,Ï„ on the domain IÏ„ as. T1,Ï„ (x)=(qÏ„ .














[image: alt]





Capital Taxes with Real and Financial Frictions 

of the investment via the after tax value of dividend income. Alternatively, the â€œnew viewâ€� suggests firms use internal funds to finance investment and so do not issue new equity. This means dividend taxes do not affect investment decisions since














[image: alt]





Optimal Labor Market Policy with Search Frictions and ... 

reallocation of workers from low to high productivity jobs, hiring subsidies are .... ance in a search model where the accumulation of risk&free savings is the only .... of the results provided that the interest rate at which the planner can transfer














[image: alt]





Stable Marriage and Search Frictions 

Jul 5, 2012 - Define x(m,m) = 1âˆ’ âˆ‘ wâˆˆW x(m,w) and x(w,w) = 1âˆ’ âˆ‘ mâˆˆM x(m,w). .... Definition (Steady State Matching) .... Utilities given by the bi-matrix w1.














[image: alt]





Financial Market Frictions 

options in their compensation packages to mitigate well-known incentives for agents to shirk and to avoid rules that trigger tax penalties for â€œnonperformance-based com- .... Stockbrokers are one example. If volume increases still further, or if ri


























×
Report Trading Networks with Frictions





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















