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Abstract

Markets differ in the availability of past trading records of their participants. In
a repeated sale model with adverse selection, we study the impact of the availability
of such records on trading outcomes. We consider regimes varying with respect to
the length of the available records. We characterize a class of equilibria in which the
record length has direct welfare implications via the market’s need to re-screen the
seller, as well as indirect implications via the low quality seller’s incentives to mimic
the high quality seller. As the record length increases, the market needs to re-screen less
frequently, which improves efficiency. In turn, less frequent screening makes mimicking
more attractive and limits the market’s ability to learn. These considerations lead to
a non-monotonic relationship between record length and overall gains from trade.
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1 Introduction

Market participants form inferences about the quality of a seller’s product through various
channels. When the seller is a repeated participant, much can be inferred from his past
trading behavior. For sellers that offer limited quantities for sale and trade through private
transaction, trading records are often limited. Nevertheless, there is wide variation across
markets in the availability of credible public records of past trading at the level of individual
sellers.! Thus it is important to understand how transparency in this sense impacts trading
outcomes and individual market participants’ ability to capture surplus, both in order
to understand individual incentives to disclose and to evaluate the desirability of policy
interventions.

We study how the availability of past trading records impact the market’s ability to
screen a seller of a product with unknown quality, and welfare implications thereof. Specif-
ically, we study the trading outcomes when a long-lived seller who can produce one unit
of output in each period sequentially meets multiple buyers over an infinite horizon. The
fully persistent (and binary) quality of the seller’s output is his private information and
the buyers make inferences about it by observing only a fixed-length history of the seller’s

past trades.?

We characterize a class of equilibria and analyze how the length of the
available records affect trading outcomes. Within this class of equilibria, we find that,
contrary to what conventional wisdom would suggest, shorter record lengths in fact allow
for finer screening of the seller’s quality, but they require more frequent pauses of trade
to re-screen. Due to this trade-off, the gains from trade is non-monotone in the length of
publicly available records.

Our analysis sheds light on the impact of record lengths on the payoffs of market par-
ticipants as well as total gains, and as such on both private and social incentives to provide
long public records of past trading outcomes. Our results indicate that these incentives
can differ widely across markets. One should therefore expect significant variation in the
length and availability of such records across markets. Further, public policy interventions

to facilitate or censure disclosure of past trading outcomes need to be nuanced and take

IFor instance, when viewing rental properties on Airbnb or VRBO, the customers do not have access to
the records of past bookings of the property. In contrast, when viewing profiles of service professionals on
Thumbtack, a platform that connects customers to individual service providers in various fields, customers
have access to the number of times each professional has been hired as well as for how long they have
made their services available. In more organized labor markets, the full employment history of individuals
is typically available to potential employers.

2We focus on the case where the trading prices are not observable, which is a natural assumption in
markets where transactions are private. Besides, observable trading prices circumvent the limits imposed
by record length by carrying information about the beliefs of previous periods’ buyers. We comment on
the impact of this on equilibrium outcomes in Section 6.



into account specific aspects of the economic environments. For instance, we show that
long public records are more desirable in markets with high turnover where sellers are more
likely to exit and in markets where buyers are unwilling to pay high quality premium.

Our main results are based on a class of equilibria, which we term one-step-separation
(OSS) equilibria. These equilibria feature trading at only two different prices along its
path at different histories: one lower price at which only the low quality goods trade, and
one higher price at which a pool of high and low quality goods trade. This is a natural
equilibrium structure when the seller type is binary. Further, an equilibrium from this
class exists regardless of record length, initial market optimism and seller patience, which
is a convenient feature that facilitates comparisons.

On the path of an OSS equilibrium, at certain histories, the market targets only the
low type seller. Pausing of trade at such histories improves the market’s assessment of the
seller’s quality, and allows him to trade at higher prices until further screening becomes
necessary; i.e. when the latest trading pause disappears from the observable history.? Thus,
the equilibrium path of a high quality seller (and with some probability, the low quality
seller) cycles through single-period pauses of trade, followed by several periods of trading
at relatively high prices. With positive probability, the low quality seller follows a path
along which he trades every period at a price equal to the full value of the low quality good
to the buyers.

The latter aspect of the equilibrium path implies that the low quality seller’s equilibrium
payoff is independent of record length. However, the record length affects the low quality
seller’s incentives to mimic the high quality seller as it determines the frequency of costly
pauses in the latter’'s path. When the record length is short, the pauses are frequent,
and thus mimicking is unattractive. Consequently, the market can achieve full screening
of seller types. After screening, buyer competition drives price to the valuation of high
quality. In the range where full screening remains possible, increasing the record length
unambiguously benefits the high quality seller as the pauses for re-screening becomes less
frequent and he can earn his full information surplus for a longer stretch of time.

As the record length becomes somewhat longer, high quality seller’s trading frequency
increases but the trading prices must come down from their highest level to render mimick-
ing less attractive. This requires that buyers’ expectation of the quality is lower, implying
that some amount of pooling is necessary, and full screening is not feasible. Further, even
though the increased frequency of trading and reduced price counter each other, we show
that the high quality seller is now worse off with a longer record. Thus, the high quality
seller’s payoff is non-monotone in record length. The total surplus, i.e. the total gains

3 As becomes clear, re-screening may be necessary earlier than that if the low type has sufficiently strong
incentives to mimic the high type.



from trade moves in parallel with the high type seller’s equilibrium payoff. In particular,
increasing the record length improves welfare when records are short to begin with, but
reduces welfare when they are already long.

The non-monotonicity of gains from trade in record length raises the question of optimal
record lengths. In general, the optimal record length is reached when the records become
just long enough that the low quality seller’s incentives to mimic precludes full separation.
This occurs at longer record lengths, and may even approach infinity, if the low quality
seller’s incentives to mimic are not particularly strong, for instance if the seller is not
particularly patient or the value difference between the two product qualities (i.e. the
quality premium) is not particularly large.

Though we derive our results based on equilibria involving one step separation, finer
screening can be possible in other equilibria with multi-step screening. In Section 5, within
a limited setting, we demonstrate that the existence of equilibria with finer screening does
not alter the comparison of surplus across records of different lengths.

The rest of the paper is organized as follows. Section 1.1 discusses the related literature.
Section 2 presents the model, Section 3 characterizes equilibria, Section 4 discusses welfare
implications of record lengths, Section 5 considers equilibria other than OSS, and Section 6
concludes. All proofs and some technical details are collected in the Appendix.

1.1 Related literature

Our model features a dynamic lemons market in which sellers with persistent quality re-
peatedly participate. The main concern is the market’s ability to learn about a persistent
state, specifically to screen the seller for his quality. The variable whose impact we consider
is information about the past trading activity of the seller, specifically the length of record
about the seller’s trading behavior.

A number of papers consider similar settings. Mauring (2017) and Mauring (forthcom-
ing) study models where the market participants learn about the prior distribution of seller
qualities and prior distribution of seller’s reservation prices, respectively, when observing
limited information about the outcomes of the last trading period only. In both papers,
sellers are non-strategic. Consequently, the link between market efficiency or trading dy-
namics and observability of past outcomes is purely informational and thus is distinct from
ours. Kovbasyuk and Spagnolo (2018), similar to us, studies the impact of record length
on the efficiency of trading outcomes. Their setting is different from ours in two important
aspects: in their case, the records include information that is directly about the seller’s
quality, based on, for instance, reviews left by previous users; and the seller’s type evolves
according to a Markov process. These two aspects create an experimentation motive of



sales which drives their results. Thus, the economic mechanisms studied in the two papers
are distinct.

Another literature considers the impact of information about past seller behavior on
market outcomes when the seller has a single durable item to sell. For instance, Horner
and Vieille (2009), and Fuchs et al. (2016) study the efficiency implications of observability
of past (rejected) price offers, while Kim (2017) studies the implication of observability of
time on the market. None of these papers consider the impact of limited records. Further,
in single-sale models the impact of other forms of transparency is confined to the market’s
ability to achieve initial screening as maintenance of reputation is irrelevant. Thus, the
trade-offs we study in this paper do not arise in that literature.

A separate literature considers the impact of erasing past records in environments with
moral hazard, where reputation considerations discipline the market participant’s behavior.
In this literature Vercammen (1995) and Elul and Gottardi (2015) study credit markets
with possibility of strategic default, incorporating both moral hazard and adverse selection.
They demonstrate that erasing records of past defaults may improve incentives to repay.
Relatedly, Liu and Skrzypacz (2014) study a model of reputation building in a trust game
when a finite fixed-length record of past behavior of the long-run player is observable by
his (sequence of) short-run partners. In their analysis, all equilibrium behavior can be
described as a function of the time since the last incidence of exploitation, and generates
cyclical paths of play. Though this structure is similar to our OSS equilibrium, their cycles
are based on the incentive of the long-run player to exploit trust, while our cycles are based
on the market’s need to re-screen the seller.

More recently, Bhaskar and Thomas (forthcoming) demonstrate how, in the absence
of adverse selection, limited but exact records lead to breakdown of cooperative behavior
while providing coarse information about record lengths can be desirable. More broadly,
optimal design of ratings, (i.e. public signals of past behavior or outcomes) have been
taken up in contexts of reputation building (Ekmekci (2011)), career concerns (Horner and
Lambert (forthcoming)) and adverse selection (Hopenhayn and Saeedi (2019)).

2 Model

A long-lived seller can produce one unit of output every period. Time is discrete and
horizon is infinite. The calendar time varies over 7" = {---,—1,0,1,---}. As we clarify
below, the assumption that the calendar time starts at —oo allows us to avoid tedium,
and all our results extend if time starts at ¢ = 0 at the cost of additional notation and
arguments. In every period ¢ € T, the seller meets two or more buyers, each with unit
demand, who submit simultaneous take-it-or-leave-it price offers to the seller. Seller either



chooses one of the buyers to trade with or rejects all. Regardless, buyers leave the game,
and the seller moves to the next period meeting with another set of buyers.

Seller’s type s € {L,H} determines both the quality of his output and the cost of
production. If in a given period trade takes place at price P, the type-s seller’s payoff in
that period is P — ¢ and her trading partner’s payoff is vs — P. Regardless of seller’s type,
gains from trade is strictly positive:

vs—cs >0,s€{L,H}.

The instantaneous payoff for any party who does not trade is normalized to 0. The seller
maximizes the expected discounted sum of all his future payoffs. Her discount factor is
0 € [0,1]. Seller’s type is his private information. All players hold a common prior that
assigns probability pg to type s = H. The prior belief satisfies the static lemons condition:

pove + (1 — po)vr, < cq.

The observable history consists of whether seller has made a trade or not in the preced-
ing k periods and not other details of transactions or information about behavior in earlier
periods. Then, a k-length public history is a k-length vector of zeros and ones, a “one”
indicating a trade and a “zero” indicating no trade. Our analysis is valid for all record
lengths including the limit & = co. Let H* = {0, 1}* be the set of all such histories.* Then
a pure strategy for a buyer is a map from H* to R, representing his price offer. The
seller’s private history includes all of his past transactions, the price offers he has accepted
and rejected and any current outstanding offer as well as the calendar time.

A pure strategy of the seller maps the set of these histories as well as his type into
a decision to accept / reject the highest current offer. A belief system maps each public
history into a probability that the buyers assign to the high type seller. Let u(h*) represent
this probability at h* € HF. A strategy profile and a belief system is a perfect Bayesian
equilibrium if all buyers form beliefs based on observable histories and strategies of others
using Bayes rule whenever possible, and all players maximize their payoff based on their
beliefs and the strategies of others.

We characterize a class of perfect Bayesian equilibria which we refer to as one-step
separation (OSS) equilibria. In these equilibria the buyers offer a unique price P > cp
provided that the length of the most recent streak of trades are below a certain threshold,
and otherwise offer vy, targeting only the low type seller. On the path of play, the high

4Our assumption that the calendar time starts at —oo allows us to avoid describing shorter public
histories. As becomes immediately clear in what follows, all equilibria we consider in this paper can easily
be adapted to accommodate such histories.



type trades only at price P, while the low type either trades at price v every period, or
mimics the high type’s strategy.

To formalize the definition of OSS equilibria for each public history h*, let 7(h*) be the
number of periods since the seller last failed to make a trade. In other words, 7(h*) is the
length of the latest streak of trades made by the seller (represented as ones in the history
vector), capped at the observability limit k. We adapt the convention that for any history
h* of any length which features no rejection, 7(h*) = co. Let 0 < m < k be an integer,
vg > P > cpy and a € [0,1) scalars. Next, we define a class of buyer strategies which we
refer to as (m, P, «) offer strategies.

Definition 1 An (m, P,«) offer strategy of a buyer is described as follows:
o If 7(hF) > m, offer vr.

o If 7(h¥) = m, randomize between offering vy, and P, assigning probability o to the
latter.

o If 7(hF) < m, offer P.

When buyers use an (m, P, ) offer strategy, the market attempts to screen the seller by
making a low offer of vy, whenever the observed volume of trade is sufficiently high. A
rejection of this price is rewarded by m or m + 1 periods of high price offers, after which
the market re-screens the seller.

We note that since neither trading prices nor rejected price offers are observable, in all
perfect Bayesian equilibria of this game, the sellers’ strategies can be described relative to
a type- and history-dependent reservation price: at any history, if the highest price offer
strictly exceeds the reservation price, the seller trades, and if the highest offer is strictly
below the reservation price, the buyer fails to trade. Further, these reservation prices are
uniquely pinned down by buyer offer strategies. Then, the seller’s best response to any offer
strategy of the buyers can be identified by his history-dependent probability of accepting
his reservation price if offered. In general, two extreme pure strategies of the seller are one
where he always rejects his reservation price and one where he always accepts it. In an
0SS equilibrium, seller randomizes over these two pure strategies.® Formally,

Definition 2 An OSS equilibrium is defined by the following two restrictions:

1. buyers use an (m, P, «) strategy;

5We conjecture that all best responses to an (m, P, a) offer strategy lead to equivalent outcomes. Re-
stricting attention to this simple class of seller strategies allows us to describe outcomes and belief updating
in the simplest possible way.



2. the high type seller always accepts his reservation price, while the low type seller, with
probability B € (0, 1] adapts the pure strategy of always rejecting his reservation price,
and with probability 1 — B adapts the pure strategy of always accepting it.

Not surprisingly, and as will be formally demonstrated below, in an OSS equilibrium,
the high type seller trades if and only if the offer is P. For future reference it is convenient
to introduce notation @, for the high quality seller’s frequency of trade in such an
equilibrium where buyers use (m, P, «) strategies. This frequency can be recursively defined
as follows:

Qm,a = (1 - 6)(5 + 5m) + 5m+1[a(1 -0+ 5Qm,a) + (1 - O‘)Qm,a]’

which yields
S+ +admt!

Cme = T 5 4 agnt 1)

Naturally, Qm, « is increasing in m, which is the consecutive number of times the high price

P is offered—and thus the high type trades—between pauses.

The name OSS equilibrium refers to the fact that in these equilibria, the market screens
the seller for one-period at a time, and thus on-path beliefs have only two values. As noted
above, the path of an OSS equilibrium follows cycles of single periods of screening by the
market, followed—in the case where the screening leads to higher beliefs—by the reward of
high prices for the next several periods. Since we exogenously restrict the screening to take
place in one period, the record length does not directly limit the market’s ability to screen.
However, since necessarily m < k, the record length constrains the amount of rewards the
seller can receive in return for pausing the trade during screening. Thus, the focus on this
class allows us to isolate the impact of constraints on “reputation maintenance” which is the
novel feature brought on in a repeated sale environment relative to the better-understood
single sale environment.

3 Characterization of OSS equilibria

This section characterizes the set of OSS equilibria. The results are presented in two
lemmas leading to the main proposition characterizing equilibria. First, in Lemma 1, we
address the seller’s best responses to a (m, P, «) strategy of buyers. Next, in Lemma 2,
we tackle the optimality of buyer offer strategies. Finally, Proposition 1 puts together
these ingredients and characterizes the OSS equilibria. All formal proofs are relegated to
Appendix A.



Lemma 1 (Reservation prices) In an OSS equilibrium, the seller’s best responses can
be described with respect to a reservation price which depends only on 7. Fix the buyer
strategy (m, P,a) and let Py(T) represent the reservation price of the type 6 seller, 6 €
{L,H}. Then,

e for any T,

Py (r) <P ifP>cpy
(T .
=P ifP=cy

e Pr(7) > wvp for any T, if and only if
v, —cr < Qma(P —cp). (2)
If (2) does not hold, Pr,(co) < vr,.
Further, for any 7, Py (1) > Pr(7), and Py (1) > cpq.

Lemma 1 establishes a number of useful and intuitive properties of the seller’s equi-
librium behavior. First, it establishes that the best response of a high type seller to a
(m, P, «) strategy is to always accept P and always reject vy. Next, it establishes that the
low type seller is less picky than the high type (Pr(7) < Pg(7)) and thus will also always
accept P when offered. This is a familiar property and is generally satisfied in single-sale
models but not guaranteed in a repeated sale setting.

Lemma 1 also establishes that, the low type’s willingness to accept of a price vy, is related
to the frequency @)y, of the offer P. If the anticipated frequency Qp,  is sufficiently low,
the low type’s unique best response is to always accept the offer of vy, and thus he never
trades at P. In contrast, when @, is sufficiently high, low type’s unique best response
is to always reject vy. Satisfaction of (2) with equality guarantees that Pr(c0) = vr, and
at any other history Pp(7) > vy. In particular, when (2) is satisfied with equality, then
it is a best response of the low type to always reject the offer of vy and always accept P,
putting him on the same path as the high type. At the same time, when this holds, it is
also a best response of the low type to accept vy when 7 = oo, and thereafter, follow a
path along which he never receives an offer of P.

Next, we turn to the buyer strategies. Lemma 1 establishes that if P > cp, at histories
with 7 < m, the seller’s reservation prices are strictly less than P. Then, for an (m, P, «)
strategy with P > ¢y to be the buyers’ equilibrium strategy, it is necessary that

P(p) = po + (1 = pyop, > P, (3)

which in turn implies that the expected quality strictly exceeds the reservation prices of
both types. The next proposition formalizes the intuitive conclusion that in this case, the



unique equilibrium of the buyers’ bidding game at a history with 7 < m features an offer
of P(u) with probability 1.

Lemma 2 (Bidding equilibrium) Consider a history at which the buyers assign prob-
ability u to the high type seller. Let Py represent the type 0 seller’s reservation price. If
P(u) > Py > P, then the high price offer is equal to P(u) with probability 1.

Lemmas 1 and 2 together imply that when 7 € {0,--- ,m}, the belief must satisfy
P(u) = P. When m < k, there are equilibrium path histories, for instance those with
7 = m, where the buyers know that they are facing the “pooling types,” and thus their
belief p satisfies P(,u) = P, yet they are prescribed to offer P with probability less than
1. Then, once, again by Lemmas 1 and 2, this is only possible if P = c¢y. Equivalently,
(m, P, «) strategies with P > ¢y can be part of an equilibrium if and only if m = k. The
next proposition makes use of this observation and characterizes the OSS equilibria. The
characterization splits the economic environments into three groups based on the strength
of the mimicking incentives when the high type is trading at the highest feasible frequency
Qro- Recall that Qo is the (average) frequency of trading if trade takes place with
probability 1 whenever the record features at least one period of a pause. As such, for
fixed 9, Qo varies from §/(1 + &) when k =1 to § when k = oc.

Proposition 1 There always exists an OSS equilibrium where buyers use an (m, P, «)
strategy. Further, in any such equilibrium

e (weak incentives to mimic) If
Qro(ve —cr) < (vr —cr),
then, P=vyg, m =k and a = 0.
e (intermediate incentives to mimic) If
Qrolcr —cr) <vp —cr < Qrolve —cr),

then o =0, and P satisfies

v — CL
= Q-
P — Cr,

e (strong incentives to mimic) If
v, —cr < Qroler —cr),,
then necessarily P = ci and all OSS equilibria are payoff equivalent to one where

v —CL
CH_CL'

Qm,a =



Proposition 1 partitions the economic environments into three sets. This partitioning
highlights the role of the record length. When the record length is very short so that the
reputation must be replenished often by a pause of trade, the low type does not find it
profitable to mimic the high type, and thus, full separation becomes possible, and is indeed
the unique outcome of an OSS equilibrium (weak incentives to mimic case).

As the record length, and thus Q)¢ grows, the environment features intermediate or
strong incentives to mimic. In this case, full separation is not possible, because it would
imply that the buyers offer vy at a frequency Q) o, which would make it very attractive for
the low type to mimic a high type. Intermediate incentives to mimic case is when offering
cy at the maximum frequency Q¢ is not sufficiently attractive for the low type. Thus,
if the buyers would follow a (m, P, «) strategy with P = cp, the low type seller would
always choose to accept vy. But in that case the posited buyer strategy cannot be part
of an equilibrium, since whenever the history features a rejection, the buyers would be
compelled to offer vy. That is why, in the intermediate incentives to mimic case all OSS
equilibria feature P € (cpg,vp).

Finally, in the strong incentives to mimic case, the trade frequency of the high type
must be less than Q¢ because a higher frequency of trade even at the lowest price P = cy
makes mimicking too attractive for the low type. Since trade cannot be slowed down when
P > ¢y (Lemma 2), all OSS equilibria in this case feature P = ¢y, and the frequency Qnm o
is pinned down by (2).

It immediately follows from the discussion of Section 3 that the equilibrium payoff of
the low type seller is fixed at vy — ¢, regardless of the parameter values. Moreover, the
buyers always receive payoffs of 0. A direct corollary of Proposition 1 formally states these
observations and describes the equilibrium payoff of the high type seller.

Corollary 1 (Equilibrium payoffs and surplus) In any OSS equilibrium, the low type
seller’s payoff is v, —cr, while all buyers earn zero profits. The high type’s equilibrium payoff
varies with the environment as follows:

e In the case of weak incentives to mimic, high type seller’s payoff is
Qro(ve —cn)
e In the case of intermediate incentives to mimic, high type seller’s payoff is
v — e — Qrolen —cr)

o In the case of intermediate incentives to mimic, high type seller’s payoff is 0.

10



Longer records move the environment from weak to intermediate to strong incentives
to mimic cases. Since () increases in k, it is immediately observed that the high type
seller benefits from longer records if the record length is short enough to begin with (weak
incentives to mimic). But the high type’s payoff declines in k within the case of intermediate
incentives to mimic, and remains constant once the record length becomes long enough that
the strong incentives to mimic case is reached. Since low type’s and all buyers’ payoffs are
fixed across environments, this result demonstrates that the total gains from trade is also
non-monotonic in the record length.

4 'Trade observability and gains from trade

Panel (a) of Figure 1 represents the expected gains from trade conditional on each type
of seller as well as the total expected gains from trade. It is not surprising that when the
incentives to mimic are weak, longer record lengths are surplus-improving, as they reduce
the frequency of the need to pause trade to re-screen the seller while full separation remains
possible. In particular, as the figure demonstrates, with longer record lengths, the high
type seller is able to trade more frequently, and thus generates more surplus, while the low
type’s trading frequency remains constant.

Within the intermediate incentives to mimic case, longer records have opposing impacts
on the gains from trade generated by the low type and the high type. The high type’s
trading volume increases for the same reason as in the weak incentives to mimic case
while the trading price must decline. Because of buyer competition, lower prices can be
sustained only when the low type seller pools with the high type’s path of less frequent
trading. Longer record lengths require lower prices, and thus a bigger probability of pooling,
further reducing the low type’s overall trading volume. When considering the impact of
longer records on the overall gains from trade, the lower trading volume of the low type
swamps the higher trading volume of the high type seller, leading to lower surplus as k
grows. The reason can be understood by noting that regardless of k, the low type’s payoff
from following the “pooling path” must be exactly vy, —cy, his payoff from revealing himself.
As k and therefore, frequency of trade along the pooling path, grows, the pooling outcome
moves along a single indifference curve of the low type over quantity-price pairs, towards
higher quantities and lower prices. Since the high type has a relatively stronger preference
for higher prices/lower quantities, this move lowers the high type’s payoff, and thus the
overall surplus.

Finally, the environment switches to the strong incentives to mimic case once the record
length becomes long enough that the price must go below ¢z to keep the low type indifferent
while trading at the highest possible frequency Q. Since the price cannot go below cy,

11



weak incentives intermediate incentives strong incentives weak incentives intermediate incentives strong incentives
P

to mimic to mimic to mimic to mimic to mimic to mimic
T _l
==

- gains from trade | L-type

I e B |
1 overall gains from trade
po—a T T ST gains from trade | H-type

L— -
record length, k record length, k
(a) Gains from trade (rescaled). (b) High type’s trading price (rescaled).

Figure 1: Impact of record length for parameter values § = .9,vy = 1.4,v;, = 1,cg = 1.2,¢c1 = 0, o = .5.

now the frequency of trade cannot increase beyond (vy, — ¢r)/(cg — cr), and thus remains
constant as the record length grows beyond this level. Buyer competition does not preclude
slowing down trade in this case, as discussed above.

Panel (b) of Figure 1 represents the high type’s trading prices as a function of the record
length k. It is interesting to compare the evolution of gains from trade generated by the
high type to the evolution of the prices he receives. Within the weak incentives to mimic
case, the price remains constant at vy as k increases and thus, the increase in the gains
from trade due to the increase in record length is fully captured by the high type. Outside
the weak incentives to mimic case, even though the trading volume of and therefore the
trading surplus generated by the high type continues to increase, much of this additional
surplus is allocated to the cross-subsidization of the low type’s trades. This causes the
prices to decline, and reduces the high type seller’s payoff.

A second corollary of Proposition 1, by way of Corollary 1 reveals that the record
length reaches its optimal level just around when the environment switches from the weak
to intermediate incentives to mimic cases.

Corollary 2 (Optimal record length) Let k be the longest record length for which the
environment is one of weak incentives to mimic. That is,

_ v — ¢
k::sup{k‘|LLZQk,0}'
vg — Cj,

Then gains from trade is mazimized either when the record length is k or when it is k + 1.

12



In particular, when
v, — CL, 1)

vg—cr 1446’

k =0, i.e. longer record lengths always reduce welfare, while when

v —CL
L,
VH —CL

k = oo, i.e. longer records are always welfare improving.

The mechanism that drives the desirability /undesirability of longer records in our model
generates novel considerations when applied to the question of optimal levels of trans-
parency. For instance, it is natural to conjecture that if the quality difference between the
products of the two types of the seller is not large, transparency in terms of longer records
is less likely to be beneficial, as there is little to learn. Our model presents a mechanism
that goes against this reasoning. Specifically, Corollary 2 implies that when the quality
premium vy /vy, is small, the optimal record length is longer. By now, it is clear that this
is due to the fact that when the quality premium is large, the gains from being known as
high quality are large, and thus it is harder for the market to screen the seller, and this
issue is exacerbated by longer records.

A similar conclusion can be derived when considering market turnover. By standard
reasoning, it is possible to interpret § as the survival rate of a seller in the market. Thus,
larger ¢ indicates lower rates of turnover and thus lower volatility. Again, a natural conjec-
ture would be that longer records are likelier to enhance outcomes in a market with slow
turnover as in such markets “maintenance of reputation” is more valuable. Our model
highlights a mechanism which, for this exact reason, in fact, leads to the conclusion that
the optimal record length is longer when the turnover is faster.® Indeed, the increased sur-
vival rate or patience of the seller makes the ability to maintain reputations more valuable.
This implies that, when records are long, building up the market’s belief for high quality
becomes disproportionately more valuable. This adversely affects the market’s ability to
screen the seller, and consequently reduces the optimal record length.

5 Discussion: other equilibria

Our main prediction that depending on the economic environment, longer records may
increase or decrease the total gains from trade have been derived within the context of
OSS equilibria. In this section we demonstrate that this prediction is valid when other

5This follows from Corollary 2 by noting that Q.o is increasing in 6.
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Figure 2: Trading cycles in the 2SS equilibrium.

equilibria are considered. In particular, we focus on the comparison of two record lengths
k =1 and k = 2, while allowing a different equilibrium, which we refer to as the two-step
separation (TSS) equilibrium, in the latter case.” The TSS equilibrium differs from the
OSS in that it allows screening to continue for more than one period. For that reason, when
considering a fixed record length, it is possible to achieve finer screening of the seller under
a TSS equilibrium. This contributes to higher surplus, as it implies that a smaller portion
of the low types follow an infrequent trading path to mimic the high type. However, this
screening is achieved at the cost of longer pauses. Below when comparing k =1 to k = 2,
we demonstrate that in all cases where the finer screening of TSS improves the welfare
relative to that of OSS with k = 2, the OSS equilibrium with k& = 1 does even better,
because it allows for even finer screening at similar frequency of pauses.

We first informally describe the path of play in the TSS equilibrium, and then justify
the above assertions. We defer the formal construction and the derivation of payoffs to
Appendix B.

"The existence of this equilibrium requires further restrictions on the environment, including an upper
bound on the initial belief and a lower bound on §. We defer the formal construction of the equilibrium
and discussion of sufficient conditions for existence to the appendix. Further, we conjecture that OSS
equilibrium is the unique equilibrium in the case of £ = 1, and for the case of k = 2, TSS is the only
possibility other than OSS.
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TSS equilibrium Assume that k£ = 2. In this case, public histories are {[00], [01], [10], [11]},
where each 0 represents a period of no trade and each 1 represents a period of trade. In
the TSS equilibrium, the trading follows a course similar to that of OSS equilibrium, but
the seller types split into three instead of two cyclical paths, and consequently trade takes
place at 3 different prices instead of 2. Figure 2 represents these cycles. In all panels,
the solid curves represent trade while the dashed curves represent rejections. The price
offers that lead to these outcomes are marked along the curves. In any such equilibrium,
P>P>cy.

Panel (a) of Figure 2 shows the path that the high type seller, possibly together with
a portion of the low types follow in a TSS equilibrium. Along this path, screening is
achieved in one or two steps: at the history [00] buyers offer vy, for sure, and if it is rejected
(i.e. at [10]), they still offer v;, with positive probability. Thus, the history [00] occurs
with positive probability. Panel (b) illustrates a path followed by the low type seller with
some probability. Along this path, the low type seller mimics the high type seller up to
a single-period pause, then reveals himself. That is, he rejects vy at [11] but accepts it
at [10]. Finally, with some probability, the low type seller always trades at price vy, as
demonstrated in panel (c) of Figure 2.

Notice that the high type visits all histories with positive probability. The belief that
the buyers hold at each history is related to the relative frequency with which the two types
visit that history. As clear by the ongoing discussion, the ratio of high type’s frequency to
low type’s is highest at history [00] and lowest at [11], justifying the ranking of the price
offers at these histories. The exact values of prices P, P are pinned down by the seller’s
indifference conditions at various histories. In particular, the low type seller’s reservation
price must be no larger than vy, at history [10], as he may accept vy, at this history (if he is
following path (b)), and must be equal if he follows path (a) with positive probability, as
along that path low type rejects this offer. Focusing on the case of § = 1, this restriction
amounts to

F—ULS'UL—CL, (4)

with equality if 2v;, — cp, > cg, yielding P = min{vy, 2v; — cp}. At history [10], the high
type’s reservation price is necessarily P.8 For the case of § = 1 this restriction is equivalent

t
) som 3 (5)
?—CH_5.

8Note that at this history buyers randomize over two different prices, vy, and P > cp. Such equilibrium
of the bidding game is possible only if the high type seller’s reservation price at that history is exactly P.
If P strictly exceeds the high type’s reservation price, then by Lemma 2, the unique equilibrium is for the
buyers to offer P with probability 1.
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Combining (4) and (5) pins down the P as follows:

P= %cH + %min{vH, 2up, —cp}.
Payoffs In the TSS equilibrium, just as in the OSS equilibria, the low type seller’s payoff
is v, — ¢z, while all buyers’ payoffs are 0. Thus, as before, the total surplus moves parallel
with the changes in the high type’s payoff. To calculate the high type’s payoff, we note
that at history [10] he is indifferent between accepting and rejecting the higher offer P,
and thus his equilibrium payoff can be calculated along the off-equilibrium path where he
rejects both offers vy, and P at history [10].” Along this path, the high type trades at P a
quarter of the time, at P a quarter of the time and fails to trade the remaining half of the
time. Thus his equilibrium payoff when § = 1 is given by
P+P 2

i~ min{vyg — cpr , 2vp, —cp, — ¢} (6)

Limits of screening and impact of record length: Based on the ongoing discussion
we observe the following parallels to the OSS equilibria. First, just as in OSS equilibria,
the highest price that can be achieved is bound by the low type’s incentives to mimic, this
time given by (4). Second, the high type’s payoff decreases as the low type’s incentives to
mimic becomes stronger, e.g. as his payoff vy —cg, from revealing his type becomes smaller.

Next, in comparing the equilibrium payoff under OSS vs. under TSS equilibria, we note
that when 2/3(cy — cr) > v, —cr, > 1/2(cy — 1), the high type receives a zero payoff
under OSS but a positive payoff under T'SS. Thus the ability to extend the screening stage
may improve the high type’s payoff, and thus the total surplus by allowing the high type
to trade at higher prices at lower frequency.

Importantly, however, for the range where TSS generates more surplus than OSS with
k = 2 (and in fact for the whole range where TSS generates positive payoff for the high
type seller, i.e. when vy, —cr, > (eg — cr)/2), the OSS equilibrium with & = 1 does even
better. Specifically, the high type seller’s payoff in this case (for § = 1) is

1
3 min{vyg —cp , 2vr, —cp —cp

which strictly exceeds the payoff under TSS when k£ = 2 and § = 1, given in (6). Thus, we
conclude that the OSS equilibrium of k£ = 1 generates more surplus than both equilibria
of £k = 2 if and only if it generates more surplus than OSS equilibrium of k£ = 2. This
implies that, even allowing for TSS equilibrium, k& = 1 generates more surplus than k£ = 2

90On panel (a) of Figure 2, this path is represented by removing the lowest solid arrow.
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if (vg —cp)/(vp — cr) is sufficiently small, and the opposite ranking holds if this ratio is
large.

The analysis of this section demonstrates that the main mechanism driving our conclu-
sions when focusing only on OSS equilibria continue to be present when other equilibria are
considered and thus our conclusions are likely to extend to more general settings. We have
presented the results of this section for a limited subset of situations where our main results
apply, largely because for longer record lengths the analysis quickly becomes intractable, as
suggested by the already tedious analysis of this case. Nevertheless, it is reasonable to con-
jecture that similar conclusions are likely to hold for larger k when considering analogous
k-step separation equilibria.

6 Conclusion

Our analysis highlights a particular channel via which availability of trading records may
influence the market’s ability to screen a seller’s quality. In order to isolate the economic
forces at play, we have made several modeling choices, some of which can be relaxed without
qualitative changes to our conclusions.

Throughout, we assume that the seller’s product quality is fully persistent. This renders
the model stark, but at the same time, allows for a particularly parsimonious analysis. If
the seller type followed a sufficiently persistent Markov process, it is likely that equilibria
similar to the OSS equilibria will continue to exist with possibly non-constant prices during
the “reward periods.”

Our assumption that multiple sellers arrive each period well-represents a market that
is more competitive on the demand side so that the seller captures most of the gains
from trade. Analogous conclusions can be derived for a market where the demand side
is thinner, so that the buyer captures more (or all) of the trading surplus. For instance,
on the opposite extreme, where the buyers capture all surplus net of the low type seller’s
information rents, the high type’s trading price remains at cy regardless of record length.
The lack of competition on the buyer side eliminates the need for partial pooling in order
to reduce prices, and thus the total gains from trade continues to increase with record
length over the range that corresponds to the “intermediate incentives to mimic” case in
our model, and then abruptly falls to the same level as in the competitive buyer model that
we consider. It is interesting to note that, for parameter values that place the environment
in the “intermediate incentives to mimic” case, total surplus is larger when the demand side
is thin. Intuitively, this is because when buyers have the bargaining power, prices remain
low, and the low quality seller’s incentives to mimic, which generally precludes efficient
trading, remain weaker.
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In this paper, we focus on situations where the records include only the trading volumes
but no information about trading prices. This is a common property of many markets,
where the transactions are private and prices are not posted. Even when proposed prices
for future transactions are posted, they are only noisy indicators of the realized prices
in historical transactions. Nevertheless, it is interesting to note that, if our model is
modified so that only the price at which the latest transaction took place is available, an
equilibrium can be constructed that is payoff-equivalent to the case of “strong incentives to
mimic” of our main model. The aspect that allows this is that the last period’s transaction
price carries information about the belief of the market at that history. This eliminates
the market’s need to pause trading to re-screen the seller, which in turn renders initial
mimicking very attractive for the low type seller. Note that the gains from trade in this
equilibrium is the lower bound of such gains when prices are not observable and as the
record length varies.

Finally, the fact that our model is particularly parsimonious and its analysis is partic-
ularly clear cut renders this model suitable for embedding into larger contexts to study
questions of interest such as the determinants of private incentives for disclosure, sellers’
incentives to invest in cost reduction or buyers’ incentives to invest in information acqui-
sition.
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Appendix

A Omitted proofs

Proof of Lemma 1. That the seller uses a reservation price strategy immediately follows
because neither the trading prices nor the rejected offers are observed by the buyers and
thus future offers are not affected by the trading prices. Further, the future offers only
depend on 7, thus so do the continuation values and, in turn, the reservation prices. To
characterize these reservation prices, let Vy(7) be the continuation payoff of type 6 seller at
the beginning of a period that starts at history associated with 7. Also, let, with a slight
abuse of notation, Vy(7,p) be the seller’s continuation payoff, after buyer offers are made,
and the highest offer is p. Then, these value functions are derived from a best response of
the seller if and only if'?

Vo(7,p) = max{dVy(0), (1 = 0)(p — co) +6Vo(7 + 1)},

and
Vo(, P) ifr<m
Vo(m) = ¢ aVy(r, P) + (1 — a)Vy(r,vr) ifT=m.
Vo(T,vL) ifr>m

10Gince the value function is necessarily bounded and § < 1, the Bellman equation has a unique solution.
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On the other hand, given the posited reservation prices (i.e. candidate strategies), one
can calculate the implied payoffs V;*(7) of the seller of type 6 in order to characterize
a candidate solution. Then, it remains to show that V;(7) satisfies the above Bellman
equation. First, the case where (2) does not hold is trivial. Second, for P = cp, it trivially
follows that the high type seller’s reservation price is ¢y regardless of history.

Next, assume that (2) holds and P > c¢y. Then, the posited reservation prices imply
that it is optimal for the seller, regardless of his type, to always reject vy, and always accept
P. To characterize the resulting value functions V', define @, o by

A4 0™+ ™t
L4 A 0

Given buyer strategies, Qm o is the maximum frequency with which the seller can trade at

Qm.a

the high price P. Then Vj® is recursively defined as follows:

(1*5)(P*C@)+5Vv9*(7'+1) fr<m
Vi(m) = a[(1—=68)(P —cp) + 0Vi(r+ 1)) + (1 —a)dV;(0) ifr=m,
§V;(0) if 7>m

with §Vy(0) = Qm.a(P —cp) = V*(m +1).

Note that at any history, by always rejecting the offer of vy, the seller can guarantee a
frequency of the offer P no less than @, o but at no history can he guarantee a frequency
larger than @, /6. Let Q(7) represent the frequency with which an offer of P is made
in the continuation game if the seller only trades at price P, and following a history
associated with 7. Note that Q(0) = Qm,o/0, Q(7) decreases in 7 over 7 < m, and
Q(m) >Q(m + 1) = Q(00) = Qm . In particular, for any 7, Q(o0) < Q(7) < Q(0). Note
that, the low type can guarantee himself a payoff of vy — ¢, by always accepting the offer
of vr. Based on this, the seller’s reservation price Py(7) is calculated by

6(Vg'(0) = Vg'(r+ 1)) = (1 = 6)(Po(T) — co)
§(Q(0) = QT + 1))(P —cp) = (1 = 6)(Py(1) — cp)-
Showing that V(1) satisfies the Bellman equation boils down to showing that Py(7) is no

less than vy, and no larger than P. Since Q(7) is decreasing, the reservation price Py(7) is
non-decreasing. Specifically, since P > ¢y,

Py(0) — Py(1) — P, — P, 1) —
0(0)—co _ Bo(1) —co _  _ Po(m)—cy _ Pyp(m+1) % _o. . (7)
P—c P—c P—c P—c ’
Here, the last equality follows because Vj(m + 2) = Vj(m + 1) = 6V*(0), and thus,
(V5 (0) = Vi (m+2)) =0V*(0)(1 —95). That Pr(r) > v, follows by the last equality and
(2).
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That Py(7) < P follows from the last equality and the fact that Q. < 1. That
Py (1) > cp follows because V};(0) < Vji(7) for any 7, and because after acceptance the
continuation payoff is given by V75 (0).

To establish Py (7) > Pr(7) first note that at any such equilibrium Py (7) > cg. Then,
if (2) does not hold, the claim is trivially satisfied. For the case where P = ¢y, the claim
is again trivially satisfied by (7). When (2) holds, the reservation prices of both types are

given by
1)
m(Q(O) — Q(T + 1))(P — C@) + Cp = PQ(T).
The claim follows because
1)

Q) - QU+ 1) £ 12 (Q(0) ~ QG + 1) = 1251 - 5)Q(0) = 5Q(0) < 1,

and thus the left-hand-side of the previous equality is increasing in cy. =

Proof of Lemma 2. Assume that P(u) > Py > Pp. Let II be the support of the
random variable describing the highest offer.

e First we claim that sup I = P(p).

Suppose not. Let P = supIl. Then any buyer can guarantee itself a payoff of
approximately P(u) — P > 0.

— First suppose P < vy. If P, > P or P = vy, then buyers’ profit is 0, a
contradiction. Next, if P;, < P < vy, then there exists a buyer who makes a
profit no larger than (1 — pg)(vy — P)/2. However, each buyer can guarantee a
payoff of approximately (1 — ug)(vy, — P).

— Next, suppose P € (vr, Pg). Then, the buyers cannot make positive profits
(and may make negative), a contradiction.

— Finally consider P € [Py, P(1)). There must exist a buyer whose profit is no
larger than (P () — P)/2, a contradiction.
This establishes the claim.

e Next, we argue that the maximum price offer is P(u) with probability 1. Let P4, be
the random variable representing the highest offer made. Suppose that there exists
€1,0 > 0 such that

Prob(Ppaz < P(p) —e1) > 6.
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Since P = P(u), for any €2 > 0, there exists a buyer who makes an offer exceeding
P(M) — €9 with positive probability, and thus whose payoff is no larger than es.
However, by offering P(,u) — g1, each buyer can gurantee an expected payoff of de;
by offering P(,u) — ¢1. This is a profitable deviation, when &5 is sufficiently small.

This establishes that for any ¢, d,
Prob(Ppas < P(u) — 1) < 6.
The claim follows by taking 1,9 to 0.

]

Proof of Proposition 1. The three cases are comprehensive. Thus, the proof of
existence is by arguing that the described strategies form an equilibrium in each case,
which we establish below. Before taking each case individually, we establish the following
preliminary claims.

Claim 1: (m, P, «) strategies with P > ¢y can be part of an OSS equilibrium only if
m =k and a = 0.

Proof of Claim 1: Note that at any on path history featuring any rejection, the buyers’

belief p must satisfy
1o

~po+ (1 po)B
Letting Py represent the O-type seller’s reservation price, by Lemma 1, P > Py > Pr.

K > Ho-

Then, by Lemma 2, for there to be a bidding equilibrium at this history where buyers offer
P with positive probability and no strictly higher offer is made, it is necessary that

Ho

—N0+(1_M0)ﬂ+vL:P' (8)

(ve — i)
Further, Lemma 1 and Lemma 2 together imply that if P > ¢y and (8) is satisfied, at any
on path history that features a rejection, the unique bidding equilibrium is for the buyers
to offer P (which is the expected quality) with probability 1. Thus, (m, P,«) strategies
with P > ¢y can be part of an OSS equilibrium only if m = k and a = 0, establishing the
claim.

Claim 2: In any OSS equilibrium, at a history featuring no rejections, the high type
seller does not trade, and the price cannot exceed vy,.
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Proof of Claim 2: First, since at all other on path histories the belief exceeds pg, and
the beliefs form a martingale, the belief at this history must be less than g and thus
the expected quality is below cp. Since at any history, high type’s reservation price is
no less than cy while the low type’s reservation price is strictly less than the high type’s
(Lemma 1), the price offer cannot exceed vy, and in turn, the high type does not trade,
establishing the claim.

Claim 3: In any OSS equilibrium, when choosing the strategy of always accepting it, the
low type’s payoff is vy, — ¢r. If (2) holds, when choosing the strategy of always rejecting
his reservation price, the low type receives a payoff of Qp, o(P — cr).

Proof of Claim 3: First part follows because at any history with 7 = oo, the low type’s
reservation price is no larger than vy (Lemma 1), thus accepting an offer of vy, is a best
response. Further, this acceptance keeps him at a history with 7 = oco. Next, when (2)
holds, at any other history, low type seller’s reservation price is no smaller than vy but
strictly smaller than P (Lemma 1.) Thus always rejecting vy and accepting P is a best
response of the low type to a (m, P, a) strategy of the buyers, and delivers the claimed
payoff.

We note that by Claim 3, vy, —cp, > Qg o(P —cr), with equality if 3 > 0. Now consider
the three cases separately:

e Weak incentives to mimic: Since P < vy and Qo < Qg o, in this case (2) does not
hold. Thus, by Lemma 1 the low type’s reservation price is strictly less than v, which
implies that 8 = 0. Thus, at on-path histories involving a rejection, the belief of the
buyers is ¢ = 1. Then, by Lemma 2, at any such history the high offer is vy with
probability 1. Since the history with no rejections is on path, any off-path histories
features at least one rejection. At such histories the belief is not pinned down by
Bayes rule. All buyers offering vy with probability 1 as the bidding equilibrium is
supported by beliefs assigning probability 1 to the high type at these histories.

e Intermediate incentives to mimic: First note that in this case P > cy, because oth-

erwise, by Claim 3, and since vy, — cg, > Qg o(cy — cr), it must be that § = 0, which
in turn implies by Lemma 2 that at any history featuring rejection, the bidding equi-
librium must result in an offer of vy with probability 1, a contradiction. Then, by
claim 1, m = k and o = 0. Further, to satisfy (8), 8 € (0,1). Thus it must be that
vy, — ¢, = Qia(P —cr). Next, when 3 is as stated in the proposition, at on path
histories featuring rejections, the expected quality is P. Thus, it is optimal for the
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buyers to offer P. Off-path histories all of which feature at least one rejection are
handled analogously to the weak incentives to mimic case.

e Strong incentives to mimic: First, we establish that the suggested strategies form an

equilibrium. The argument for the optimality of the seller strategies is identical to
the intermediate incentives to mimic case. To establish the optimality of the buyer
strategies, note that, at any history, the high type’s reservation price is exactly c.
On the path of equilibrium, if a history features a rejection, the belief is such that
the expected quality is cy and the low type seller’s reservation price is no less than
vr,. Thus, the buyers receive zero payoff from offering cy;. Moreover, even when the
probability that the other buyers offer ¢y is less than 1, a buyer cannot get positive
payoff because any offer less than ¢y is rejected by the high type. This establishes
the optimality of the buyer strategies.

The fact that necessarily P = ¢y follows by Claim 3, and noting that for any P > ¢,
Qro(P —cr) > Qrolcy —cr) > vy — ¢r. In turn, P = ¢y implies that g € (0, 1),
and thus it must be that Q. (cxy — cr) = v, — cr,, as claimed.

B Appendix: Two step separation

To formally describe the TSS equilibrium, note that when & = 2, the set of full length
public histories is {[11], [10], [01], [00]} where 1 represents an instance of trade (acceptance)

and 0 represents an instance of no trade (rejection). Let uxy,ng,ny, respectively, be

the belief, reservation price of type-6 seller, and the maximum price offer at history zy €
{[11],[10], [01],[00]}. The following proposition describes the equilibrium behavior when

(vg —cp)/2>vp —cp > (cg —cp)/2.

Proposition 2 (TSS equilibrium, intermediate incentives to mimic) Assume that
(vg —cr)/2 > vp —cp, > (eg —cp)/2. There exists i and § such that when po < i, § > 0,
and k = 2 there exists an equilibrium in which

e the buyers
— offer vy, at [11];
— offer P(M[m]) at [01];
— offer P(N[OO]) at history [00];
— randomize so that the high offer is P(,u[lo]) or vy, each with positive probability
at history [10];(let « stand for the probability of the former);
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e the high type seller’s reservation prices satisfy
e < Pl = Py < Plupon) = Py = Pogy < Plsgoo));
and he always accepts his reservation price when offered;

e low type seller’s reservation price at each history is vy, and he randomizes over 8 pure
strategies:

— always rejects his reservation price (probability y1 > 0)

— rejects his reservation price at [11] and [01] but accepts his reservation price at
[10] and [00] (probability ~v2)

— always accepts his reservation price (probability v3 =1 —~v1 — ¥2).

Proof: The proof is by construction. First, we characterize the equilibrium beliefs as
functions of 71,72,7v3 and a. Fix a path of play along which the trading probabilities
depend only on the history zy € {[11], [10], [01], [00]}. Let g4, be the frequency with which
this path visits history zy. Also let ay, be the probability with which trade takes place at
history zy along this path. Then the following must hold:

qr11) = o1119[11) T ¥o1)4)01]
qjo1] = [1019[10] T ©[00]4[00]
qro) = (1 — apy)qpy + (1 — apiy)an
0] = (1 = o0))qp00) + (1 — a[10))q10]

Combining 1st and 3rd equality (or 2nd and 4th) we get

q[i0] = qo1]-

Moreover,
]_f
qjo1] q[10] aan ) and djo1] q[10] A[00]

qu] 9 Qo1 qoo] o] 1 —apo

With the strategies described in the proposition, the high type seller follows a path which
features

apy) = 0, ap19) = @, o1 = apoo] = 1.
Then, letting qu represent the frequency with which type 0 seller visits history xy, we have

1

1l -«
oty =l =y = 1

— 4—a’

and q[lgm =
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Low type follows this same path with probability ;. With probability v the low type
follows a path featuring a1 = 0,ap0) = a1 = apo = 1. Letting q;y represent the
frequency with which this path visits history xy, we have
1
411y = 90 = oo = 3 oo = O
Finally, with probability ~3, the low type follows a path featuring o, = 1, for all xy €
{[11], [10], [01], [00]}, and thus this path visits only [11]. Then using Bayes rule and appeal-
ing to the improper uniform belief about calendar time, we obtain
{00 po 1
M2~ (9)
L—pooy  1—pom

Hpop 0 Mol po ﬁ

L—ppop  1—ppy 1= poyis + 723

(10)

Further, since poo], pjo1]s #[10] > Ho, it must be that w1 < po.

Given the seller strategies, it is trivially observed that at [01] and [00] the suggested
buyer strategies form a bidding equilibrium. That no buyer has a profitable deviation at
[10] follows from the fact that the high type seller’s reservation price is exactly ]3(,u[10]).
Finally, at [11], the expected quality is less than cg, which is a lower bound on the high
type’s reservation price. Thus, all buyers offering vy, is a bidding equilibrium.

Let P = p(,u[oo]) and P = p(,u[m]) = P(,u[m]). Next, we characterize the seller’s value
based on the description of his reservation prices and buyer offer strategies, compute the
implied reservation prices, and verify that P, P, a, v1,72,73 can be chosen to satisfy the
description, establishing that if those indeed are the price offers, the seller is playing a best
response.

Let ny represent type-6 seller’s reservation price at history xy € {[11], [10], [01], [00]}.
Since P[Ifg] = P and this is the highest equilibrium offer at [10], the high type’s payoff can
be calculated along the off-path history where he rejects P at [10]. Then,

H 27 H
Vi = 0"V
H H
Vito) = 9Vjo
Vi = (1= 0)(2 — cn) + 8*V
P—cy+6(P—cp)
1—64
It is immediately observed that P[gl] < P[Ifo]. The requirement that P[%} = P is equivalent

to P —cy = (5(1/[6{)] - V[gll]). That is,

Vigoy = (1= 9)

— )P —cg)—(1— —c
PR (LI, R R () )
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Since low type’s reservation price is always vy, it is possible to calculate his continuation
values along the off equilibrium path where he accepts all offers of vy. This yields,

Viiy =vr —cr

V[lLO] =1 =0)(a+0)(P—vr)+vr—crL
Vigy = (1=6)(P—vp) +vr —er
Vi = (1= 8)(P—vp) + (1= 8)6(P —vr) +vp —cr

The requirement that PL, — vy, is equivalent to v, — ¢, = 6 (V[fo] — V[fl])7 which yields

v —er = (a+0)(P —wvp). (12)
The requirement that PL — vy, is equivalent to vy, —cp, = § (V[oo] V[gl]), which yields
UL—CLIp—UL—(l—(S)(B—UL). (13)

To argue that there exists a, P, P,v1,72,73 that solve (11),(12),(13), (9) and (10) for
large enough § and small enough pg, we show this existence for 6 = 1 and small enough
o- The claim follows because all conditions are continuous in d. Solving for P, P, o from
(11),(12),(13) with 6 = 1 yields Then, from the above analysis:

2ur, — ¢y,
6vr, — 3cr, + 2cy

)
41}L — 26L — 26H

- vr, + 2cyg — 3¢y, '

P=
V4

Note that « > 0 because v, — ¢, > (cg — ¢r). Further o < 1 is equivalent to (v, —¢p) <
2(cp — cr,), which is always satisfied. Next, we solve for 71 and 2. Note that

P—wy _ Hpo) _ po 1
vg—P  l—ppg 1—pom
Thus,
0 [UH+CL _2UL]
M= .
1 — o v —cCL
Next,
P —uvr _ _Hpo _ ro ﬁ

vp =P 1—ppo  1—poiy+m
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Substituting P and 7; and solving for vy yields

_ Mo (v —1))§ 21
7271—;10 H— L)y cg —cr, v —ecr )

By inspection, 2 > 0, while 73 > 0 because vy, — ¢, < (vg — ¢)/2. Further, when py is
sufficiently small, v1 + 2 < 1 so that 43 =1 — v; — 2 > 0. This completes the proof.

Proposition 3 (TSS equilibrium, weak incentives to mimic) Assume that (vg—cr)/2 <
vy — cr. There exists @ and & such that when o < W, & > &, and k = 2 there exists an

equilibrium in which
o the buyers

— offer vy at [11];

— offer P(M[m]) at [01];
— offer p(p[oo]) = vy at history [00];

— randomize so that the high offer is P(,u[lo]), each with positive probability at
history [10];(let « stand for the probability of the former);

e the high type seller’s reservation prices satisfy
e < Pl = Py < Plupon) = Py = Pogy < Plpsgoo));
and he always accepts his reservation price when offered;
e low type seller’s reservation prices satisfy
L L
Boy = Py = ve > Pao) = Ploo),
and he randomizes over 2 pure strategies:

— rejects his reservation price at [11] and [01] but accepts his reservation price at
[10] and [00] (probability ~2)

— always accepts his reservation price (probability v3 =1 — v2).
Proof: The proof is analogous. The modifications are to set 73 = 0 when calculating

beliefs in (9) and (10), so that upe = 1, and ppy > po and P is calculated from (11) by
setting P = vy. The rest of the arguments follow unchanged.
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Equilibrium payoffs

Naturally, as § — 1, for a given type 6, ny becomes equal for any zy. Then, it immediately

follows by setting 6 = 1 in the computed value functions that the low type’s equilibrium
P+P

payoff is vy — cp. The high type’s equilibrium payoff in this limit is =—.

For the case where (vyg —cp)/2 > v, —cp > (eg —c1)/2,

_ _ 9 _
P =2v;, —c¢;, and BZS(UL cr) +2(en —vi)

5 )
thus the high type’s payoff at this limit is
2
5(2UL —crL —cq).
For the case where (vy —cr)/2 < vg — ¢y,
— 3
P=vyg and P= %W,
and thus the high type’s payoff at this limit is
8vw tcu  cH _ 2(1) —en)
20 2 5 TS
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