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Abstract Information asymmetry between sellers and buyers often prevents socially desirable trade. This article presents a new mechanism that mitigates the inefficiencies caused by information asymmetry. I consider decentralized markets under adverse selection and show that such markets can be endogenously segmented in a way to improve social welfare. Endogenous segmentation is driven by low-quality sellers’ incentive to attract more buyers by separating from high-quality sellers. The mechanism helps us understand the roles of several real-world institutions, such as multiple marketplaces, costless advertisements, and non-binding list prices. JEL Classification Numbers: C72, D82, D83. Keywords : Lemons Problem; Adverse Selection; Market Segmentation.
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Introduction



Since Akerlof (1970), it is well-understood that information asymmetry between sellers and buyers may impede socially desirable trade and, in its extreme, the market may completely break down. Various market and non-market innovations have been identified as sources to alleviate the inefficiencies implied by adverse selection. Those innovations fall into two categories: signalling from informed agents (for example, warranties, costly advertisements, and posting prices) and screening by uninformed agents (for example, early discounts and deductibles). This article presents an alternative mechanism: endogenous market segmentation. The theoretical novelty is, different from signalling or screening, it necessitates neither money burning nor commitment from agents. Instead, it counts on equilibrium incentives: The incentive for sellers to sort themselves is endogenously generated by buyers’ behavior, and vice versa. On the applied side, it helps us understand the roles of several real-world institutions. ∗ This article is based on a chapter of my doctoral dissertation at the University of Pennsylvania. I am deeply indebted to my advisors, George Mailath and Andrew Postlewaite, for their generous guidance and support. I am very grateful to Philipp Kircher, Benjamin Hermalin and two anonymous referees for many insightful discussions. I also thank Yeon-Koo Che, David Dillenberger, Jan Eeckhout, Navin Kartik, Ayca Kaya, Soojin Kim, Timothy Van Zandt, Randall Wright, and seminar participants at various places for helpful comments. † Department of Economics, University of Iowa, [email protected]
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The specific model considered is a decentralized version of Akerlof’s original model. In a market with many buyers and sellers, each buyer randomly selects a seller and makes a take-it-or-leave-it offer. This model has been employed in several other contexts (see, e.g., Butters (1977), Wolinsky (1988), and Satterthwaite and Shneyerov (2007)) and maintains the gist of Akerlof’s competitive model. A high price is accepted not only by high-quality sellers, but also by low-quality sellers. Being aware of this adverse selection, unless the proportion of high-quality sellers is sufficiently large, buyers offer only low prices, in which case high-quality units cannot trade. Meanwhile, the model allows me to capture agents’ incentives that are plausible but hidden in the competitive model. There is always a positive probability that a seller is not selected by any buyer, in which case she simply cannot trade. Also, several buyers may visit the same seller, but only one of them can trade. Therefore, sellers have an incentive to attract more buyers, whereas buyers have an incentive to avoid competition. The mechanism studied in this article utilizes these natural incentives in order to induce sellers to sort themselves. I allow sellers to communicate with buyers before trading takes place. Communication may be explicit or implicit. Sellers may send some messages to buyers (explicit). Or, they may take some actions (implicit). For instance, different sellers may choose different marketplaces to set up their stands or different platforms to post their units. Whether explicit or implicit, communication is costless (no money burning) and non-binding (no commitment), and this is the point of departure from the existing signalling or screening models. A non-trivial issue is how low-quality sellers can be induced to honestly reveal the quality of their units, even though there are no direct costs in mimicking high-quality sellers. The main result of the article is that markets under severe adverse selection can be endogenously segmented and such segmentation improves social welfare. High-quality units, that cannot trade without segmentation, do trade with segmentation, and low-quality sellers are also strictly better off. To put it differently, (some) low-quality sellers voluntarily reveal the quality of their units. The consequent reduction of information asymmetry allows trade of high-quality units and leads to Pareto improvement. Endogenous segmentation works as follows. Some low-quality sellers reveal their quality (by sending message l or joining submarket l), whereas the other low-quality sellers pool with highquality sellers (by sending message h or joining submarket h). Buyers visit both types of sellers, but with relatively greater frequency to the sellers who send message l. Upon selecting a seller, buyers offer low prices if the seller sent message l and high prices if she sent h. This structure can be an equilibrium because agents face the following trade-offs: A low-quality seller enjoys a higher probability of trade (due to relatively more buyers) but receives a lower price (because her quality is revealed) in submarket l (with message l) than in submarket h (with message h). A buyer faces less quality uncertainty but more severe competition in submarket l than in submarket h. By adjusting the proportion of low-quality sellers who send l, it is possible to find a point at which the trade-offs of buyers and low-quality sellers are exactly balanced, that is, they are indifferent between h and l.
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High-quality sellers, due to their high reservation value, strictly prefer h to l. In this equilibrium, high-quality units also trade, because some low-quality sellers truthfully reveal their quality. The driving force for endogenous segmentation is low-quality sellers’ incentive to separate from high-quality sellers. To see this, first consider a buyer who is about to make an offer to a seller. If he knows that the seller’s quality is high (low), he would offer a high (low) price. When there is uncertainty over the quality, a low price will be rejected with a positive probability, whereas a high price runs the risk of overpaying for a lemon. Therefore, (risk-neutral) buyers are averse toward quality uncertainty. Low-quality sellers’ separating incentive stems from here. If a seller reveals the low quality of her unit, it becomes more attractive to buyers, because now they face no quality uncertainty. Relatively more buyers would visit the seller, which would increase both her probability of trade and expected price.1 Of course, as is familiar in the literature, low-quality sellers also have an incentive to pool with high-quality sellers in order to receive a high price. The equilibrium structure described above is the consequence of the collision of the two opposing incentives. Suppose the two types of sellers are fully separated. In this case, buyers would offer high (low) prices to the sellers who send h (l). Then the pooling incentive is strongest, whereas the separating incentive is negligible. This unravels the full separation. Now suppose sellers are completely pooled. In this case, information asymmetry prevents trade of high-quality units, and thus buyers would offer only low prices. Then, the pooling incentive is vacuous, whereas the separating incentive becomes operative. In order to attract more buyers, a low-quality seller would reveal the quality of her unit. In equilibrium, these two forces are exactly balanced and result in the partial resolution of information asymmetry. The result helps us understand the roles of several real-word institutions. I discuss three straightforward applications. Each application differs in the form of communication. First, communication may occur through agents’ choices of locations or platforms (implicit). Under this interpretation, the result provides another explanation as to why it is beneficial to have multiple marketplaces or platforms for a single good. Different from the existing studies (see, e.g., Armstrong (2006) and Rochet and Tirole (2006)), the result in this article is concerned with information asymmetry in markets and illustrate how the mere existence of multiple marketplaces can help mitigate the inefficiencies resulting from information asymmetry. Furthermore, the result provides a particular prediction on the arrangement of multiple marketplaces or platforms: relatively more buyers join low-quality submarkets, and high-quality submarkets entail more quality uncertainty. Second, communication can be interpreted as costless advertisement (explicit). Then the result challenges a conventional wisdom in industrial organization. In his classic articles (1970, 1974), Nelson argues that costless and non-binding advertisements cannot convey any information about the quality of experience goods. He reasons that if sellers’ claims are costless and unverifiable, all sellers would claim to have high-quality products. This was in fact one of the reasons why many 1



Search frictions are crucial here. In frictionless Walrasian markets, buyers have no reason to respond to the change of quality uncertainty, whereas low-quality sellers have no incentive to attract more buyers.
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researchers have studied costly advertisements and other payoff-relevant devices.2 The result of this article, however, implies that even costless advertisements can be informative about the quality of experience goods. Last, more specifically, messages can be interpreted as non-binding list prices, which sellers announce before trading but do not commit to. In several markets (for example, used cars, housing, and online posting sites), sellers post prices, but it has been observed that a transaction price is often different from a list price. This suggests that list prices are non-binding and, therefore, have little intrinsic meaning. Nevertheless, correlations between list prices and economic outcomes (conditioning on all observables) have been reported: a transaction price is typically lower, but sometimes higher, than a list price, and a higher list price tends to induce a smaller number of interested buyers and a longer duration on the market (see, for example, Horowitz (1992) and Merlo and Ortalo-Magn´e (2004) for housing markets, and Farmer and Stango (2004) for an online used computer market). The result in this article provides an alternative theory of non-binding list prices that emphasizes their information transmission role.3 Furthermore, it provides an intuitive reason for the aforementioned stylized facts. The higher a list price is, the more uncertain the quality of the unit is, and thus there are fewer interested buyers. This tends to delay trade, but once there is an interested buyer, he puts more weight on the quality being high and thus a transaction price tends to be higher. The remainder of the article is organized as follows. The next section links the article to further literature. Section 3 introduces the model and Section 4 analyzes it. Section 5 concludes.
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Related Literature



Two articles study endogenous segmentation in different contexts. Mailath, Samuelson, and Shaked (2000) consider a labor market model where both workers and firms search for each other. They show that “color” can create inequality endogenously. Firms search “green” workers because they are more likely to acquire a skill than “red” workers. On the other hand, “green” workers are more willing to acquire the skill than “red” workers because in equilibrium it takes less time for them to find a firm, and thus their return on skill investment is higher. Fang (2001) considers an economy where the informational free-riding problem is so severe that a socially efficient technology cannot be adopted. He shows that in such environments “social activity” can emerge as an endogenous sig2



Nelson studies repeated purchases (1970) and costly advertisements (1974). Kihlstrom and Riordan (1984) refine Nelson’s idea on costly advertisements. Another prominent device considered in the literature is price (or pricing schedule). Wolinsky (1983), Bagwell and Riordan (1991), and Taylor (1999) show that price can serve as a signal of quality in various contexts. Milgrom and Roberts (1986) consider both price and costly advertisements. 3 Despite many empirical efforts to identify the determinants of list prices, there has been only one theoretical explanation for the correlations between list prices and economic outcomes, which was provided by Arnold (1999), Chen and Rosenthal (1996), and Yavas and Yang (1995). They focus on the fact that a transaction price is typically lower than a list price and postulate that a list price is a ceiling price that a seller commits to accept. The crucial idea is that if a seller commits to a lower list price, buyers expect greater gains in the event that their valuations turn out to be high and, therefore, become more interested in the unit.
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naling instrument. Firms pay more to workers who perform a seemingly irrelevant “social activity” because those workers are more likely to acquire a new skill. On the other hand, skilled workers are more willing to do the “social activity” because they expect a higher wage. Farrell and Gibbons (1989) and Matthews and Postlewaite (1989) examine whether cheap talk can be informative in bilateral bargaining where each party has private information about his or her own value. They show that allowing for cheap-talk communication enlarges the set of equilibria in double auctions. This article shows that cheap talk can also be informative in decentralized markets when sellers possess private information regarding the quality of their units, that is, when each seller’s private information concerns both her own cost and buyers’ value. There is a fairly large literature that studies adverse selection in decentralized markets. Among many, particularly close to this article are Inderst and M¨ uller (2002), Guerrieri, Shimer, and Wright (2010), and Menzio (2007). The first two articles study competitive search equilibrium under adverse selection. In those articles, either informed players (Inderst and M¨ uller (2002)) or uninformed players (Guerrieri, Shimer, and Wright (2010)) commit to prices or mechanisms before matching takes place. In both cases, there exists a fully revealing equilibrium. In Menzio (2007), as in this article, informed players send cheap-talk messages. He studies only the case where informed players’ private information does not directly affect uninformed players’ utility (in the context of this article, each seller’s type determines only her own cost, not buyers’ value) and, therefore, the lemons problem never arises. More importantly, in his setup, prices are determined through alternating offer bargaining. The difference has several substantial implications. See Kim and Kircher (2011) for detailed discussions.4 There is also a large literature that studies adverse selection in dynamic environments.5 Most studies exploit the idea that high-quality sellers are more willing to delay trade for a high price than low-quality sellers. This is similar to the idea used in this article that high-quality sellers are more willing to endure lower probability of trade than low-quality sellers. It is also similar that an equilibrium typically features partial separation (over time), not full separation. However, the underlying causes for partial separation are different. In dynamic models partial separation traces back to a lack of commitment by buyers, whereas in this article it is driven by the coexistence of low-quality sellers’ pooling and separating incentives. 4



See also Albrecht, Gautier, and Vroman (2010) for a related contribution. They present a model of directed search with limited commitment: A seller must accept any price above her asking price (thus commitment), but can also accept any price below (thus limited). 5 This literature is too large to summarize here. See, e.g., Janssen and Roy (2002) and Deneckere and Liang (2006) for some seminal contributions, and Camargo and Lester (2011), Daley and Green (2011), and H¨ orner and Vieille (2009) for some recent contributions.
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The Model



Environment In a market for an indivisible good, there are a continuum of sellers, whose measure is normalized to 1, and a continuum of homogeneous buyers, with a fairly large measure.6 Each seller possesses a unit of the good, whose quality is either high or low. A unit of low quality costs cL (≥ 0) (or reservation utility) to sellers and yields utility vL to buyers. The corresponding values for a unit of high quality are cH (> cL ) and vH (> vL ). There are always gains from trade (vH > cH and vL > cL ), but the quality of each unit is private information to each seller. It is commonly known that the proportion of low-quality sellers is qb ∈ (0, 1). All agents are risk neutral.



I focus on the case where adverse selection is particularly severe. Formally, I make use of the



following two assumptions:



Assumption 1 (Larger social surplus with trade of high quality) vH − cH ≥ vL − cL . In words, trade of a unit of high quality is socially more desirable than that of low quality. Note that vH > vL is necessary but not sufficient for this assumption. Assumption 2 (No trade of high quality) qbvL + (1 − qb)vH < cH .



This inequality is a familiar one in the adverse selection literature. The left-hand side is buyers’ willingness-to-pay to a seller who is randomly selected from the population, whereas the righthand side is the minimum price that high-quality sellers are willing to accept (or high-quality sellers’ reservation price). When the inequality holds, no price can yield non-negative payoffs to both buyers and high-quality sellers simultaneously. Therefore, only low-quality units trade in the competitive benchmark. 6



The assumption of continuums of sellers and buyers gives tractability to the model mainly in two ways. First, it eliminates aggregate uncertainty regarding the numbers of agents that take an action. Second, it allows me to apply a much more tractable matching function. Each point is further elaborated later. It would be also worth mentioning that it is not crucial that the measure of buyers is sufficiently large. In equilibrium, the measure of active buyers is determined by the entry condition and can be larger or smaller than the measure of sellers. No result changes as long as the initial measure of buyers is not less than the measure of active buyers in equilibrium.
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Trading Process The market proceeds in four steps. First, each seller sends a cheap-talk message.7 The set of feasible 8 messages is given by  {h, l}. Second,each buyer observes all messages and decides whether to incur )(vL −cL ) an entry cost k ∈ 0, (vH −cvHH −c or not.9 Third, each participating buyer selects a seller and L



makes a take-it-or-leave-it offer, without knowing how many other buyers select the same seller.



Fourth, each seller decides whether to accept the highest offer or not. If a seller accepts p, then her payoff is p − ct , whereas the buyer’s payoff is vt − p, where t denotes the seller’s type. Sellers who do not receive any offer or reject the highest offer and buyers whose offers are not accepted obtain 0 utility. The trading process can be interpreted in two ways. From a seller’s viewpoint, it is equivalent to her running an informal first-price auction with a private reservation price and a stochastic number of bidders. From a buyer’s viewpoint, it is equivalent to a bargaining game in which he makes a take-it-or-leave-it offer to a seller who has a private and stochastic outside option.



Strategies and Equilibrium In order to focus on underlying economic forces, and as is common in the decentralized trading literature, I introduce anonymity into the trading process. Formally, I restrict attention to symmetric equilibria in which agents of each type play an identical strategy. If a seller sends a message with a positive probability, then all sellers of the same type send the message with the same probability. Each participating buyer selects sellers who sent an identical message with equal probability. Buyers’ bidding strategies depend only on messages, that is, they are independent of buyers’ as well as sellers’ identities. These restrictions probably can be best interpreted as coordination frictions: in a large market, it seems implausible that each agent knows exactly what every other agent would do and all agents coordinate on a particularly individualized play. Interested readers are referred to Burdett, Shi, and Wright (2001) and Shimer (2005) for insightful discussions. Sellers’ communication strategies are represented by a function r : {H, L} × {h, l} → [0, 1] where r(t, m) is the probability that each type t seller sends message m. Buyers’ matching strategies are a function p : {h, l} → [0, 1] where p(m) is the probability that each buyer selects a seller who sends message m. Buyers’ bidding strategies are a function F : R+ × {h, l} → [0, 1] where F (b, m) is the probability that each buyer offers a price not larger than b to a seller who sends message m. Sellers’ optimal acceptance strategies are straightforward: Each seller accepts the highest price if and only if it is greater than or equal to her own cost. ˜ (b, m) the expected payoff of a buyer who offers b to a seller with message m, and Denote by U ˜ (m) ≡ maxb U ˜ (b, m). Also, denote by V˜ (t, m) the expected payoff of a type t seller who sends let U 7



An alternative but essentially equivalent setup is the one in which there are two submarkets, say submarket h and submarket l, and each agent chooses a submarket to join. 8 The two-message restriction incurs no loss of generality. See the discussion following Lemma 3 in Section 4. 9 H )(vL −cL ) ensures that the market never completely breaks down. It is not crucial for The condition k < (vH −cvH −cL any qualitative result in the article.



7



message m. Definition 1 A market equilibrium is a tuple (r(·, ·), p(·), F (·, ·)) that satisfy the following three conditions: 1. Optimal communication: Each seller sends a message that maximizes her expected profit. Formally, for both t ∈ {H, L}, if r(t, m) > 0 and m0 6= m, then V˜ (t, m) ≥ V˜ (t, m0 ). 2. Optimal participation and matching: Each buyer participates in the market if and only if he ˜ (m) ≥ k) and selects a seller with message can obtain at least k by doing so (maxm∈{h,l} U m if and only if he expects a weakly higher payoff from the seller than from a seller with the ˜ (m) ≥ U ˜ (m0 )). other message m0 (U 3. Optimal bidding: If b is in the support of F (·, m), then it maximizes the expected payoff of a ˜ (m) = U ˜ (b, m)). buyer who selects a seller with message m (U Remark 1 If there were a finite number of agents, one must deal with aggregate uncertainty regarding the numbers of agents that take an action, which significantly complicates the analysis. For example, suppose that low-quality sellers send both messages with positive probabilities, whereas high-quality sellers send only one message. Then, following sellers’ announcements, there are at least as many subgames as the number of low-quality sellers. By contrast, with uncountably many agents, one can rely on the law of large numbers. Then, for each communication strategy profile by sellers, there is only one subgame to analyze.



Matching Technology Suppose there are NS sellers and NB buyers where NS and NB are finite numbers. If each buyer randomly selects a seller, then the probability that a seller is selected by i buyers is equal to NB i



!



1 NS



i 



1 1− NS



NB −i



.



Conditional on the event that a buyer selects a particular seller, the probability that i other buyers select the same seller (in other words, the probability that a buyer competes against i other buyers) is equal to NB − 1 i



!



1 NS



i 



1 1− NS



NB −1−i



.



These probabilities are typically intractable to work with, but become more tractable as the numbers of agents increase. Let the numbers of agents, NB and NS , go to infinity, while fixing the ratio of
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buyers to sellers λ ≡



NB NS .



Then, both probabilities converge to10 πi (λ) ≡



e−λ λi , i = 0, 1, ... i!



That is, in the limit, the probabilities follow a Poisson distribution with parameter λ. Motivated by this convergence result, I assume that the relevant probabilities also follow a Poisson distribution when there are positive measures of sellers and buyers. Precisely, suppose there are a measure nB of buyers and a measure nS of sellers. Let λ ≡



nB nS



be the ratio of buyers to sellers.



I assume that both the probability that a seller is selected by i buyers and the probability that a buyer competes against i other buyers are given by πi (λ). This matching technology is known as “urn-ball” and has been widely adopted in the literature (see, e.g., Butters (1977), Wolinsky (1988), and Satterthwaite and Shneyerov (2007)).
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Characterization



I characterize market equilibrium by backward induction. I first solve for buyers’ equilibrium bidding strategies and then analyze buyers’ participation and sellers’ communication problems.



Submarket Outcomes Suppose a measure nL of low-quality sellers and a measure nH of high-quality sellers send an identical message m and a measure nB of buyers would select those sellers. The agents then essentially form a submarket via message m. In the submarket, both the probability that a seller is selected by i buyers and the probability that a buyer competes against i other buyers are equal to e−λ λi , i = 0, 1, ..., i!   B . As the probabilities depend only on λ, the where λ is the ratio of buyers to sellers λ ≡ nHn+n L πi (λ) =



submarket can be identified by two variables: the ratio of buyers to sellers λ, and the proportion of low-quality sellers q ≡



nL nH +nL .



Denote by U (q, λ) buyers’ expected payoff and by Vt (q, λ) type t



sellers’ expected payoff in the submarket. Buyers’ expected payoffs. 10



The following two observations pin down buyers’ expected payoff:



The probability that a seller is selected by i buyers can be rewritten as follows:



NB (NB − 1)...(NB − i − 1) 1 i! NSi







1−



1 NS



NB −i



=



1 i!







NB NB − 1 NB − i − 1 ... NS NS NS











1−



1 NS



NS −1 !(NB −i)/(NS −1)



.



As NB and NS tend to infinity, the second and third terms in the second expression approach λi and e−λ , respectively. A similar argument applies to the probability that a buyer competes against i other buyers.
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1. In equilibrium, buyers play a mixed bidding strategy. 2. Let b be the minimum of the support of F (·, m). Then b is equal to the offer by a monopsonist to a seller who is randomly selected from the submarket. To see the first, suppose all buyers offer an identical price. A buyer then has an incentive to slightly increase his offer, because his payment would increase slightly but he would always win.11 A similar reasoning also reveals that F (·, m) cannot have any atom in its support. To see the second, notice that, since F (·, m) has no atom, a buyer who offers b wins only when he is the only bidder. His offer b then must be optimal conditional on him being the only bidder. Therefore, b must be equal to the offer by the monopsonist to a seller. Lemma 1 (Buyers’ Expected Payoffs) U (q, λ) = e−λ max {q (vL − cL ) , Eq [v] − cH } , where Eq [v] ≡ qvL + (1 − q) vH . (1) U strictly decreases in λ. (2) U first decreases and later increases in q. Proof. In equilibrium, buyers must be indifferent over all bids in the support of F (·, m). Therefore, it suffices to know the expected payoff of a buyer who bids b. Let M (q) be the expected payoff of a monopsonist facing a randomly selected seller. As the monopsonistic offer is either cL or cH , M (q) = max {q (vL − cL ) , Eq [v] − cH }. The result then follows from the second observation and the fact that the probability that a buyer is the only bidder to a seller (no other buyer selects the same seller) is equal to π0 (λ) = e−λ . Intuitively, when there are more buyers, they compete more severely and, therefore, receive a lower expected payoff. For the second comparative statics result, consider a monopsonist’s problem. When q is small, the risk of overpaying for low quality is small, and thus he would offer cH . In this case, a higher q implies a higher probability of overpaying, and thus his expected payoff decreases in q. When q is large, he makes a safe offer cL , which would be accepted only by low-quality sellers. In this case, a higher q implies a higher probability of trade, and thus his expected payoff increases in q. Figure 1 depicts buyers’ indifference curves. The V shape is due to the two comparative statics results in Lemma 1. When q is small (large), buyers’ expected payoff decreases (increases) in q. Therefore, as q increases, for buyers to remain indifferent, buyer competition, measured by λ, must decrease (increase). 11



There is certainly some room for each buyer to increase his price, because there is a positive probability that he is the only bidder to a seller and, therefore, he must receive a strictly positive expected payoff.
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λ



U (q, λ) = k



q 0



q



q



1



Figure 1: Buyers’ indifference curves. q is the point at which q(vL − cL ) = Eq [v] − cH . Buyers’ bidding strategies.



Consider a buyer who bids b. The buyer’s expected payoff can be



decomposed into two components, the probability of bidding over other buyers (the probability that b is the highest offer to a seller) and his expected payoff when he alone offers b to a seller. The latter is straightforward. If b < cH , then it is accepted only by low-quality sellers. Therefore, the buyer’s expected payoff is q(vL − b). If b > cH , then it is accepted by both seller types. Therefore, the buyer’s expected payoff is Eq [v] − b. To calculate the probability that b is the highest offer to a seller, observe that the probability that a buyer competes against i other buyers is πi (λ) =



e−λ λi i! ,



and the probability that i other buyers offer less than b is F (b, m)i . Therefore, the probability that b is the highest offer to a seller is equal to ∞ X



πi (λ)F (b, m)i = e−λ(1−F (b,m)) .12



i=0



To sum up, the expected payoff of a buyer who bids b is equal to e−λ(1−F (b,m)) q(vL − b) if b < cH and equal to e−λ(1−F (b,m)) (Eq [v] − b) if b ≥ cH . 12



I use the fact that ∞ X i=0



πi (λ)F (b, m)i =



∞ ∞ X X (λF (b, m))i e−λ λi F (b, m)i = e−λ = e−λ eλF (b,m) . i! i! i=0 i=0



More intuitively, as the fraction of the buyers who bid less than or equal to b is F (b, m), the ratio of the buyers who bid more than b to sellers is equal to λ(1 − F (b, m)). The probability that b is the highest bid to a seller is equal to the probability that no buyer who bids more than b selects the same seller. Applying the result in Section 3, the latter probability is equal to π0 (λ(1 − F (b, m))) = e−λ(1−F (b,m)) .
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Buyers’ equilibrium bidding strategy can be derived from their indifference between b and any b in the support of F (·, m): e−λ(1−F (b)) q(vL − b) = U (q, λ) if b < cH and e−λ(1−F (b)) (Eq [v] − b) = U (q, λ) if b ≥ cH . Applying Lemma 1 and arranging terms, Lemma 2 (Buyers’ Equilibrium Bidding Strategies) F (·, m) always increases in λ in the sense of first-order stochastic dominance. Let q = (vH − cH )/(vH − cL ) and q(λ) = (vH − cH )/(vH − vL + e−λ (vL − cL )). In addition, let b be the maximum of the support of F (·, m). (1) If q ≥ q(λ), then b = cL and b < vL . In this case, only low-quality units trade and F (·, m) is independent of q. (2) If q < q < q(λ), then b = cL and b > cH . In this case, low-quality units fully trade, whereas high-quality units partially trade.13 F (·, m) strictly decreases in q. (3) If q ≤ q, then b = cH and thus both qualities fully trade. F (·, m) strictly decreases in q. When there are more buyers (λ is higher), they bid more aggressively (F (·, m) increases). Also, buyers bid more when they believe that the average quality is higher (q is smaller). However, if only low-quality units trade, buyers’ bids must be optimal conditional on them selecting a low-quality seller. Therefore, in (1), F (·, m) is independent of q. The second case shows well how buyers’ bargaining power and competition among themselves interact in the model. If a buyer knows that he is the only bidder, he would offer cL , and thus trade occurs only with a low-quality seller. But competition drives up buyers’ bids. When competition is strong enough, buyers’ bids increase up to the point where they often bid more than cH .14 These two forces, together, result in a unique outcome: high-quality units trade, but only partially. Sellers’ expected payoffs.



Now sellers’ expected payoffs can be obtained by applying F (·, m)



to the following formulae: Vt (q, λ) =



∞ X



πi (λ)



i=1



Z



b



(b − ct ) dF i (b) , t = L, H.



ct



The closed-form solutions are available, but turn out to be unnecessarily complicated. The following lemma summarizes all necessary information for further developments. Lemma 3 (Sellers’ Expected Payoffs) (1) VL strictly increases in λ. VH strictly increases in λ if q < q(λ) and stays constant if q ≥ q(λ). 13 “Full trade” means that trade occurs whenever a seller is selected by at least one buyer. units partially trade, because the support of F (·, m) is the union of two disjoint intervals and below vL . The maximum of the lower interval, denote by bL , can be found using the fact that e−λ(1−F (bL ,m)) q(vL − bL ) = e−λ(1−F (cH ,m)) (Eq [v] − cH ). 14 Note that Eq [v] − cH > 0 as long as q < q(λ) < q. Therefore, for q ∈ (q, q(λ)), although a offering cL to cH , a buyer who offers cH still obtains a positive expected payoff.
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In (2), high-quality the lower interval is F (bL ) = F (cH ) and monopsonist prefers



λ



VL (q, λ) = c q(λ) q 0



q



q



1



Figure 2: Low-quality sellers’ indifference curves. (2) VL and VH strictly decrease in q if q < q(λ) and remain constant if q ≥ q(λ). Figure 2 depicts low-quality sellers’ indifference curves. They strictly increase up to q(λ) but are constant after q(λ). They are particularly steep when q < q < q(λ). This is because in that region an increase of the average quality (decrease of q) induces buyers to shift some of their bids from the interval below vL to the interval above cH , and thus sellers’ expected payoffs increase fast. For sellers to remain indifferent, λ must decrease fast. High-quality sellers’ indifference curves are omitted for clarity, but the curve q(λ) can be interpreted as the one on which high-quality sellers receive zero payoff. The curve is steeper than low-quality sellers’ indifference curves. In fact, it is true in general (see the Appendix for a formal proof). Intuitively, higher-quality sellers, due to their high reservation price, are more sensitive to price (less sensitive to probability of trade) than low-quality sellers. Therefore, when q decreases (so it is more likely that buyers offer high prices), the necessary reduction of buyer competition to keep sellers indifferent is larger for high-quality sellers than for low-quality sellers. Notice that this immediately implies no loss of generality of the two-message restriction. As high-quality sellers’ indifference curve is always steeper than low-quality sellers’, they can intersect only once. Therefore, in equilibrium there can exist at most one distinct submarket that consists of both seller types.



Buyers’ Participation Suppose buyers believe that among those who sent message m, the proportion of low-quality sellers is equal to qm . Let λm be the ratio of buyers to sellers associated with message m. Each buyer ˜ (m) = would be willing to pay the entry cost k and select a seller with message m if and only if U ˜ (m) = U (qm , λm ) > k, then more buyers would be willing to enter U (qm , λm ) ≥ k. In addition, if U 13



the market. Therefore, in equilibrium, U (qm , λm ) = k.15 In other words, the ratio of buyers to sellers in each submarket is determined so that buyers are indifferent between entering the submarket and saving the entry cost. This implies that buyers’ participation behavior can be summarized by a function λ : [0, 1] → R+ such that U (q, λ(q)) = k. Applying Lemma 1, λ(q) = ln







max{q(vL − cL ), Eq [v] − cH } k







.



Market Equilibrium Now I characterize market equilibrium by solving for sellers’ optimal communication strategies. Pooling (trivial) equilibrium.



There always exists a trivial equilibrium in which no informa-



tion is transmitted through cheap-talk messages. This equilibrium corresponds to the “babbling” equilibrium in the standard cheap talk game. If all sellers randomly send messages (for example, r(t, m) = 1/2 for any t ∈ {H, L} and m ∈ {h, l}), then buyers cannot make any useful inferences and, therefore, essentially disregard sellers’ messages (qh = ql = qb). This in turn makes all sellers indifferent over both messages (V˜ (t, h) = Vt (qh , λ(qh )) = Vt (ql , λ(ql )) = V˜ (t, l) for both t = H, L).



In this equilibrium, due to Assumption 2, only low-quality units trade (see Lemma 2). Partially separating equilibrium.



For a non-trivial equilibrium, assume that all high-quality



sellers send message h (r(H, h) = 1). This is without loss of generality for the following reasons. First, switching the roles of h and l makes no difference. Second, if both types of sellers send both messages, then it is a trivial equilibrium.16 Third, as will be clear shortly, there does not exist an equilibrium in which all low-quality sellers send one message, whereas high-quality sellers use both messages. A non-trivial equilibrium is characterized by the proportion of low-quality sellers among those who send message h. Let qh∗ be the proportion. Then, in equilibrium it must be that VL (ql , λ (ql )) = VL (1, λ (1)) ≥ VL (qh∗ , λ (qh∗ )) , with equality holding if qh∗ > 0. The left-hand side is a low-quality seller’s expected payoff by revealing her quality (sending l), whereas the right-hand side is her expected payoff by pretending to have a high-quality unit (sending h). This condition is certainly necessary, but also sufficient: Buyers never offer more than vL (< cH ) to a seller who sends l and, therefore, high-quality sellers never deviate to l (V˜ (H, h) ≥ V˜ (H, l)). If there exists such q ∗ , then in equilibrium low-quality h



15



(vH −cH )(vL −cL ) vH −cL



guarantees that U (q, 0) > k for any q ∈ [0, 1], and thus for any q ∈ [0, 1], The assumption k < there exists λ > 0 such that U (q, λ) = k. 16 This is because, as explained before, in equilibrium there cannot exist more than one distinct submarket that consists of both high-quality and low-quality sellers.
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λ



VL (q, λ) = VL (1, λ(1)) U (q, λ) = k



λ(qh∗ )



q qh∗



0



qb



1



Figure 3: A partially separating equilibrium is characterized by qh∗ at which buyers’ (solid) and low-quality sellers’ (dashed) indifference curves intersect. sellers send h with probability ∗ qh



∗ 1−b q qh ∗ qb 1−qh



and l with the complementary probability (equivalently, the



measure (1 − qb) 1−q∗ of low-quality sellers send h, and the other low-quality sellers send l). h



Figure 3 shows an equilibrium. At the equilibrium (qh∗ , λ (qh∗ )), buyers’ and low-quality sellers’



indifference curves intersect. The equilibrium point is in the interior. This is because low-quality sellers’ indifference curve is above buyers’ when q is close to qb, whereas it is below when q is close to 0. In other words,



VL (q, λ (q))



(



< >



)



VL (1, λ (1)) for q close to



(



qb



0



)



.



To see this, notice that qh being equal to 0 (b q ) corresponds to the completely separating (pooling) case. If the market would be completely separated (qh = 0), due to Assumption 1, relatively more buyers would be attracted to the sellers who send h. In this case, a low-quality seller obviously has an incentive to deviate (V˜ (L, h) = VL (0, λ (0)) > VL (1, λ (1)) = V˜ (L, l)). If the market would be completely pooled (qh = qb), due to Assumption 2, buyers would offer only low prices, and thus only low-quality units could trade. Given this, a low-quality seller has an incentive to reveal her quality.



By doing so, she could attract more buyers (λ(qh ) = λ (b q ) < λ (1) = λ(ql )), which would increase both her probability of trade and expected price (V˜ (L, h) = VL (b q , λ (b q )) < VL (1, λ (1)) = V˜ (L, l)). Proposition 1 Under Assumptions 1 and 2, there always exists a partially separating equilibrium. In the equilibrium, some, but not all, low-quality sellers reveal the quality of their units. Although there always exist both a pooling equilibrium and a partially separating equilibrium, 15



there are at least two reasons why the partially separating equilibrium is more appealing than the pooling equilibrium. In reality, sellers can always convince buyers of the low quality of their products. If this is the case in the current model, then there cannot exist a pooling equilibrium, that is, any equilibrium is partially separating. Theoretically, one can resort to NITS (no incentive to separate) introduced by Chen, Kartik, and Sobel (2008). It is developed in the context of the standard cheap-talk game in which players’ utility functions are exogenously given. However, it directly applies to the current model and eliminates the pooling equilibrium.17 There may exist more than one partially separating equilibrium, though. This is because both buyers’ and low-quality sellers’ indifference curves increase when q < q < q(λ). When there are multiple partially separating equilibria, they are weakly Pareto ranked: low-quality sellers obtain VL (1, λ(1)) in any of those equilibria, whereas high-quality sellers are strictly better off with smaller qh∗ .



Welfare High-quality units trade with a positive probability in the partially separating equilibrium. When q is larger than q(λ), low-quality sellers’ indifference curve is flat, whereas buyers’ is strictly increasing. Therefore, the indifference curves can intersect only at a point where q < q(λ). Intuitively, some low-quality sellers reveal the quality of their units and, therefore, the proportion of high-quality sellers among those who send h is greater than that of the grand market. This potentially provides an incentive for buyers to offer high prices. On the other hand, if high-quality units do not trade, then low-quality sellers would have no incentive to send h. As the equilibrium requires low-quality sellers to be indifferent between h and l, high-quality units must trade with a positive probability. Given that high-quality sellers cannot trade without communication (or in the pooling equilibrium), they are strictly better off in the partially separating equilibrium. Low-quality sellers also obtain a higher expected payoff in the partially separating equilibrium than in the pooling equilibrium. Consider a low-quality seller who reveals the quality of her unit. The seller attracts relatively more buyers than in the pooling equilibrium and, therefore, becomes strictly better off. As low-quality sellers are indifferent between h and l, they must obtain a higher expected payoff, whether they send h or l. Proposition 2 In the partially separating equilibrium, high-quality units trade with a positive probability, and both types of sellers obtain strictly higher expected payoffs than in the pooling equilibrium (or without communication). 17



For example, consider an equilibrium in which all sellers send h. If there is a small but positive probability that each seller truthfully reveals her type, then the pooling equilibrium unravels, by the same argument as right above Proposition 1. Such unraveling does not occur in the partially separating equilibrium.
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Conclusion



This article has presented a new mechanism that mitigates the inefficiencies resulting from information asymmetry. The mechanism differs from the existing ones, in that it neither requires money burning nor commitment by some agents. Rather, it relies on more fundamental incentives for agents, uninformed players’ (buyers’) aversion toward quality uncertainty and informed players’ (sellers’) desire to attract more buyers. Although I have established all the results in a simple decentralized market setting, the main insights are likely to carry over to a broader class of environments where the same incentives are operative. In the introduction, I have presented three applications, for which the mechanism identified in this article provides new perspectives. As adverse selection is prevalent and the form of communication necessary for endogenous segmentation is quite flexible, the insights obtained here are also likely to apply to many other contexts. Let me conclude by noting that, although endogenous segmentation improves social welfare, the market outcome is still far from the efficient allocation. In particular, the first-best solution, due to Assumption 1, would require high-quality sellers to trade with a greater probability than low-quality sellers, whereas exactly the opposite is true with endogenous segmentation.18 This distortion clearly inhibits market efficiency. If adverse selection is not severe (that is, if Assumption 2 is violated), then the costs due to this distortion may outweigh the gains from reduced information asymmetry and, therefore, endogenous segmentation, if possible, may lower social welfare. Under asymmetric information, however, the distortion is in some sense unavoidable. As shown by Samuelson (1984), in the absence of any verification technology, providing a higher probability of trade is essentially the only way to separate low-quality sellers from high-quality ones. Therefore, a more relevant question would be what is the constrained-efficient (second-best) allocation and how the allocation can be decentralized. This question necessitates a mechanism design approach and, to my knowledge, has not been thoroughly investigated in the literature yet. I leave this important question for future research.



Appendix: Single Crossing Property of Sellers’ Expected Payoffs In this appendix, I prove that high-quality sellers’ indifference curve is always steeper than lowquality sellers’ (in other words, the marginal rate of substitution between q and λ is always larger for high-quality sellers than for low-quality sellers), so the two seller types’ indifference curves cannot intersect more than once. Formally, I prove that for any (q, λ) such that q < q(λ), ∂VH (q, λ) ∂VH (q, λ) dλ + dq = 0 ∂λ ∂q implies that ∂VL (q, λ) ∂VL (q, λ) dλ + dq > 0. ∂λ ∂q 18



I thank an anonymous referee for pointing this out.
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For notational simplicity, let F (b), instead of F (b, m), denote the probability that each buyer offers a price less than or equal to b. First observe that sellers’ expected payoffs can be rewritten as follows: Vt (q, λ) =



∞ −λ i Z X e λ i=1



=



Z



i!



b



(b − ct )



=



b



(b − ct )dF i (b),



ct



ct



Z



b



∞ −λ i X e λ i=1



i!



F i−1 (b)dF (b),



(b − ct )de−λ(1−F (b)) .



ct



More intuitively, the highest offer to a seller is less than or equal to b if and only if no buyer who would offer more than b selects the seller. As the ratio of the buyers who bid more than b to sellers is λ(1 − F (b)), the probability that the highest offer to a seller is not greater than b is equal to e−λ(1−F (b)) . Consider the case where q < q. In this case, b = cH and, therefore, VL (q, λ) =



Z



b



(b − cL )de−λ(1−F (b))



cH



=



Z



b



(cH − cL )de−λ(1−F (b)) +



cH



=



Z



b



Z



b



(b − cH )de−λ(1−F (b))



cH



(cH − cL )de−λ(1−F (b)) + VH (q, λ) = (1 − e−λ )(cH − cL ) + VH (q, λ).



cH



The result is straightforward because ∂VL (q, λ) ∂VH (q, λ) ∂VH (q, λ) ∂VL (q, λ) dλ + dq = e−λ (cH − cL ) + dλ + dq. ∂λ ∂q ∂λ ∂q Now suppose q ∈ [q, q(λ)). In this case, b = cL , but b > cH . Let bL be the highest bid below cH . Following the procedure in Footnote 13, bL = vL − (Eq [v] − cH )/q. Then, similarly to the previous case, VL (q, λ) =



Z



bL



(b − cL )de−λ(1−F (b)) + (1 − e−λ(1−F (cH )) )(cH − cL ) + VH (q, λ),



cL



where e−λ(1−F (b)) q(vL − b) = e−λ q(vL − cL ), ∀b ∈ [cL , bL ], and e−λ(1−F (cH )) (Eq [v] − cH ) = e−λ q(vL − cL ). It suffices to show that for any (dλ, dq) such that



∂VH (q,λ) dλ+ ∂VH∂q(q,λ) dq ∂λ
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= 0, the function e−λ(1−F (b))



strictly increases in the sense of first-order stochastic dominance, that is, e−λ(1−F (b)) strictly deL creases at any b ≤ cH . First, for any b ≤ bL , e−λ(1−F (b)) = e−λ vvLL−c −b , which is independent of −λ(1−F (c H )) also decreases. Because q, whereas strictly decreasing in λ. It remains to show that e e−λ(1−F (cH )) (Eq [v] − cH ) = e−λ q(vL − cL ), e−λ q(vL − cL ) ∂e−λ(1−F (cH )) =− , ∂λ Eq [v] − cH and



e−λ (vL − cL ) e−λ (vL − cL )(vH − vL ) ∂e−λ(1−F (cH )) = + . ∂q Eq [v] − cH (Eq [v] − cH )2



The proof is completed if it is shown that ∂e−λ(1−F (cH )) ∂e−λ(1−F (cH )) e−λ (vL − cL ) dλ + dq = ∂λ ∂q Eq [v] − cH







−qdλ + dq +



vH − vL dq Eq [v] − cH







< 0.



To prove this result, notice that VH (q, λ) =



Z



b



cH



(b − cH )d



e−λ q(vL − cL ) = b − cH − Eq [v] − b



Z



b cH



e−λ q(vL − cL ) db, Eq [v] − b



and thus,   Z b −λ ∂VH (q, λ) e (vL − cL ) ∂VH (q, λ) vH − vL dλ + dq = − dq db −qdλ + dq + ∂λ ∂q Eq [v] − b Eq [v] − b cH   (q,λ) −vL dq is strictly increasing in b. Therefore, for ∂VH∂λ The term −qdλ + dq + EvHq [v]−b dλ+ ∂VH∂q(q,λ) dq = 0, it must be that −qdλ + dq +



vH − vL dq < 0. Eq [v] − cH
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