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Abstract

We study the effects of endogenizing search intensity insetigl search models of trading
under adverse selection. Ceteris paribus, the low-typersmitains more surplus from search
and, therefore, searches more intensively than the higlngeller. This has two ramifications
for trade. On the one hand, a seller who successfully findsyarlis more likely to be the
low type (solicitation curse). On the other hand, since tvetype seller leaves the market
even faster than the high-type seller, a seller who is availes more likely to be the high
type (accelerating blessing). We explore the interactiaihese two effects in both stationary
and non-stationary sequential search environments. Ist#t®nary case, the two effects are
balanced, while in the non-stationary case, the relatrengths of the two effects vary over
time. We show that reducing search costs can be detrimenitad tseller.

JEL Classification Numbers: C73, C78, D82, D83, L15.

Keywords: Adverse selection; market for lemons; costlyd®ssearch intensity

1 Introduction

We study the effects of endogenizing search intensity imeetgal search environments with ad-
verse selection. A single seller with an indivisible goodefa a sequence of randomly arriving
buyers. There are two types of goods, high quality or low iggddut the quality of the good is

private information to the seller. Upon arrival, each bugters a price to the seller, who then
decides whether to accept or reject it. If the seller accagisice, then the game ends. If not,
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the buyer leaves, and the seller waits for the next buyeritdanonical environment, we allow
the seller to choose her search intensity (i.e., the amatal of buyers) and examine its impact on
trading outcome.

It is a standard exercise in search theory to endogenizelsedensity and evaluate the effects
of reducing search costsThe exercise can be quite complicated depending on thextoitead-
dition, it provides important policy implications, becaubere are various government and private
policies that are intended to reduce the opportunity costeafch, thereby encouraging agents’
search. For instance, many governments provide unemplegdders with various services, such
as counseling, job fairs, and child care subsidies. Negka#ls, basic economic principles apply,
and conclusions are fairly straightforward in most envinemts. The searching agent chooses the
intensity level that equates the marginal benefit and thgimarcost of increasing search intensity.
In addition, a reduction in search costs is always beneficitile agent.

Under adverse selection, endogenous search intensitg gse to a new kind of inference
problem on the part of buyers. Ceteris paribus, the low-sgiker, due to her lower reservation
value, gains more from search and, therefore, chooses artsghrch intensity than the high-type
seller. This difference in search intensity influences bsiyieeliefs about the seller’s type in two
ways. On the one hand, a seller who successfully finds a bsiyeoie likely to be the low type. In
other words, the fact that a buyer has met a seller is bad rimovg the quality of the seller’s good.
Since a buyer’'s meeting a seller can be interpreted as tle’saloliciting or inviting the buyer,
following Lauermann and Wolinsky (2013a), we call this efféhe “solicitation curse.” On the
other hand, since the low-type seller obtains more tradpmpdunities than the high-type seller
for a given length of time, a seller who has not traded yet isaikely to be the high type. In other
words, the fact that a unit is still available is good newsudbis quality. Note that even without
endogenous search intensity, the low-type seller has & l@servation price and, therefore, trades
faster than the high-type seller. Endogenous search ibganakes the low type trade even faster
than the high type. For this reason, we call this effect trezéteration blessing.” The goal of
this paper is to understand how these two effects manifeseliss interact each other in various
dynamic environments.

In Section 2, we consider an opaque trading environmentavhayers do not receive any
information about the seller’s trading history. In this #amment, all buyers necessarily have the
same beliefs about the seller’s type and, therefore, wdalgan identical offer strategy. From the
seller’s viewpoint, this means that the environment is@tairy, as in canonical sequential search
models. Since each seller type’s optimal search intensigldo stationary, the aforementioned

1See Benhabib and Bull (1983) and Mortensen (1986) for soménsé contributions.
2This explains why most studies in the literature on endogsrsearch intensity are empirical work. See, for
example, Bloemen (2005), Christensen et al. (2005), andi€aai al. (2009).



two effects take a simple form. The acceleration blessimgbeacaptured by the extent to which
the difference in search intensity increases the protgbiiat the seller who is still playing the
game is the high type (which, for convenience, we refer toug®ts’ unconditional beliefs). The
solicitation curse can be measured by the difference betwagers’ unconditional beliefs and
conditional beliefs (i.e., the probability that a buyerigas to the event that the seller is the high
type, conditionalon him actually facing the seller). We quantify these tweet§ and show that
their magnitudes are the same in the stationary environment

In Section 3, we consider a non-stationary version of theehdspecifically, we consider the
case in which buyers observe the seller’s time-on-the-atgttow long the seller has stayed on
the market). The observability assumption allows us toysthd effects of endogenous search in-
tensity on non-stationary trading dynamics, in particuhamw the seller's optimal search intensity
changes over time and how buyers’ unconditional and carditibeliefs evolve over time. In this
non-stationary model, the solicitation curse and the acagbn blessing take more complex and
intriguing forms. The accelerating blessing brings buy@ysth unconditional and conditional)
beliefs beyond the level that can be reached with exogerearsls intensity. In fact, buyers’ be-
liefs that the seller is the high type convergeltwith endogenous search intensity, while they
always stay below a certain level with exogenous searchsitie As in the stationary model, the
solicitation curse brings down buyers’ conditional bedie¢lative to their unconditional beliefs.
Unlike in the stationary model, its strength relative to #iceeleration blessing changes over time.
In particular, it outweighs the accelerating blessing fareatain length of time and, therefore,
leads to the non-monotonicity of buyers’ conditional bislieNVe show that unlike buyers’ uncon-
ditional beliefs that monotonically increase over timeydns’ conditional beliefs first increase,
then decrease and stay constant for a while, and finallyaserand converge to

Rather surprisingly, in our model the seller does not nexégbenefit from lower search costs.
In particular, we show that reducing search costs may nettéfr can even strictly decrease the
low-type seller’'s expected payoff. This is because of tHeisation curse and buyers’ strategic
responses to lower search costs. A decrease in searchroosizses the low-type seller’s incentive
to increase her search intensity, which exacerbates tlotatbn curse. Therefore, buyers become
more cautious about offering a high price, which negatiagfgcts the seller. In our model, this
strategic effect can dominate the direct benefit of lowercteeosts to the seller, and thus reducing
search costs may decrease the seller’'s expected payoff.

This paper contributes to a growing literature on dynamicease selectiol. To our best
knowledge, none of previous work considers the problem dbgenizing search intensity. Our
model is closest to those of Kim (2012), Kaya and Kim (2013 &lwang (2013). Each of

3Seminal contributions include Evans (1989), Vincent (198®0), Janssen and Roy (2002), Deneckere and Liang
(2006), Horner and Vieille (2009), Guerrieri, Shimer anddkit (2010), and Moreno and Wooders (2010).



those papers addresses a different economic question thedassumption of exogenous search
intensity.

Lauermann and Wolinsky (2013a) consider an auction modehioh the seller has private in-
formation about the quality of her good and chooses the nuoflparticipating bidders. The seller
needs to incur a higher cost in order to solicit more biddéhgy also identify a solicitation effect,
which, as in this paper, stems from the fact that differefieséypes have different incentives to
solicit more bidders. On the contrary, an accelerationceffe absent in their model, because it
is a static environment. More importantly, their main eaoioquestion is substantially different
from ours: they seek the condition on the signal generatioggss that guarantees information
aggregation (meaning that the winning price coincides withunit’'s value to buyers), while our
main question is the impact of endogenous search intensitsading outcome (dynamics).

The remainder of the paper is organized as follows. We stadypaque (therefore, stationary)
search environment in Section 2 and a non-stationary vedsithe model in Section 3. In Section
4, we consider various extensions and explain how our itsigh beyond the simple environment
studied in Sections 2 and 3.

2 Stationary Model

2.1 Environment

We consider a canonical sequential search environmentadgiterse selection. A seller wishes to
sell an indivisible object and sequentially meets buyerpotJarrival each buyer offers a price,
and the seller decides whether to accept the price or nat. dffar is accepted, then the seller and
the buyer trade and the game ends. Otherwise, the buyesleave the seller waits for the next
buyer.

The good is either of high qualityd) or of low quality (L). For eachu = H, L, a typea unit
yields utility ¢, to the seller and utility,, to buyers, and a high-quality unit is more valuable to
both the seller and buyers (i.e;, < cy andv;, < vy). There are always gains from trade (i.e.,
c, < v, for eacha = L, H), but the quality of the good is private information to thdlese It is
common knowledge that buyers assign probabijitp the event that the seller begins the game
with a high-quality unit. All agents are risk neutral. If ayau’s offerp is accepted by the type-
seller, then the buyer’s utility is, — p, while that of the seller ip — ¢,. The seller discounts future
payoff at rater > 0.

We focus on the case where adverse selection is severe etmughede socially desirable
trade. Formally, we make use of the following assumptionictvhis common in the adverse
selection literature:



Assumption 1 (Severe Adverse Selection)
qug + (1 = q)vp < cy.

This assumption guarantees that it cannot be an equilittiatthe seller trades with probability
1 with the first buyer. In other words, some delay is unavoidabl

Unlike in other models, we allow the seller to increase hardeintensity (i.e., the arrival rate
of buyers) at a cost. Since signaling through the choice arfcbeintensity is not the main interest
of this paper, we assume throughout that the seller’'s chafisearch intensity is not observable
to buyers. The search technology is represented by a fungtio]\, co) — [0, c0) whereg(\)
denotes the flow search cost necessary for the seller tonodarch intensity.. In other words,
if the seller pays constant flow search cogk), then buyers arrive according to a Poisson process
of rate \. We impose standard restrictions on the cost functipf: it is strictly increasing and
strictly convex (i.e.9'()), ¢"(A) > 0), ¢(A) = 0, andlim,_,) ¢'(A) = 0. To avoid triviality, we
assume thak > 0. This can be understood as the baseline search intensigeliee obtains for
free. The role of this assumption will be clear in the equilim analysis. It will also be shown
that, while we require. > 0, A can take any arbitrarily small value.

In this section, we consider aypaquesearch environment, in the sense that buyers do not
observe any of the sellers’ trading historfeEhis implies that the problem is essentiatationary
All buyers necessarily have common beliefs about the seligoe, regardless of their location in
the sequence of buyers. Therefore, it is natural to assuatealibbuyers would play an identical
offer strategy. Given this, there also exists a station&st besponse by the seller. In order to
highlight the most salient aspects of the problem, we foecuthe stationary equilibrium in which
all buyers play an identical offer strategy and all sellelg@ an identical acceptance strategy.

2.2 Preliminary Observations

As is common in sequential search problems, each selleistgpéimal acceptance strategy is a
reservation price strategy: Each seller accepts a pritesibbove her reservation price and rejects
if it is below. Given this, it is straightforward that no buyafers strictly above:; and, therefore,
the high-type seller’s reservation price is always equalto The high-type seller’s reservation
price cannot be larger than the highest price offered by tsuy@n the other hand, no buyer has an
incentive to offer strictly more than the high-type sebareservation price. These two properties
hold only when no buyer offers strictly more thaj, and the high-type seller’s reservation price
is equal to her reservation valdg. From now on, we denote hy the reservation price of the

41t is well-known that the information structure regardimg tsellers’ trading histories plays a crucial role in this
kind of dynamic games. See, in particular, Horner and \¢R2009) and Kim (2012).



low-type seller. The assumptiofn < cy ensures that* < cy.

The seller’'s incentive to increase her search intensityasofrom her desire to enjoy trade
surplus as soon as possible. As explained above, in thenturredel no buyer offers a price
strictly abovery, and thus the high-type seller cannot obtain a strictlytp@sexpected payoff. It
then follows that in equilibrium she always chooses the kiveearch intensity.”> On the other
hand, the low-type seller may enjoy a positive expected fhgye., p* > ¢;) and, therefore,
choose a higher search intensity thanMe denote by* the low-type seller’s equilibrium choice
of search intensity.

Without loss of generality, we assume that each buyer offgrg*, or a losing price, and
each seller type accepts her reservation price with préibabi It is clear that no buyer has an
incentive to offer strictly more thany or betweency andp*. It is also straightforward that in
equilibrium the high-type seller must acceptwith probability1: Otherwise, a buyer would have
a strict incentive to offer a price above but arbitrarilysgdoc;, which contradicts to the fact that
cy IS an optimal price for a buyer. Finally, if there is an eduilum in which the low-type seller
accept* only with probabilityos € (0, 1), then that portion of the equilibrium can be replaced
by a combination of the low-type seller’s acceptipigwith probability 1 and buyers’ offering*
with probabilityos. For eachw = H, L, we denote by the probability that each buyer offers the
reservation price of the-type seller. Obviously, it must be tha}, + o7 <1

2.3 Buyers’ Beliefs
2.3.1 Buyers’ Unconditional Beliefs and the Acceleration Bssing

In the stationary model, buyers face two types of uncegaorne about the seller’s type and the
other about their position in the sequence of buyers (“aintacertainty”)? The combination of
these two gives rise to a non-trivial inference problem @nghrt of buyers. In particular, buyers’
beliefs about the seller’s type may not coincide vgitthe probability that the seller is the high type
at the beginning of the game. This is because differentrdgfhes leave the game at different rates,
and thus the probability of the high type changes over tiniduyers could observe the seller’s
trading history, then their beliefs would begin wifrand can be calculated through Bayes’ rule
for all subsequent points in time. However, in the curreMiremment where buyers receive no
information about the seller’s trading history, contactentainty also must be taken into account
in determining their beliefs. There are several, but alliegant, ways to address this problem.
We take probably the simplest approach and directly deniyeis’ beliefs.

5This stems from our choice of bargaining protocol. In Sectipwe consider an alternative environment in which
the high-type seller also obtains a strictly positive expdpayoff and, therefore, chooses a search intensity ahove
5The term “contact uncertainty” is due to Zhu (2012).



Denote byg* the probability that a seller who is still playing the game.(ihas not traded yet)
is the high type. In other wordg is the unconditional proportion of the high type among all
sellers who play this game. To determigte notice that a high-type seller leaves the game at rate
Ao, while a low-type seller leaves at rat&(o7};, + o7 ). This is because each seller type accepts
any price weakly above her reservation price with probghbiliand the high type (low type) meets
buyers at raté (\*). Since the expected duration is the inverse of the hazaedtras means that
a high-type seller stays in the game on averagé foko ;) length of time, while a low-type seller
stays forl/(A\*(o}; + o7)). Since the probability that the seller is the high type is@doig at the
beginning of the game, it follows that

L
0= (1)

q
xog TN

o +or)

Notice thatg" departs frony for two reasons. The first is familiar in the adverse seledliiv
erature and holds true even when both types have the samereusysearch intensity Namely,
the high type accepts onlyy;, while the low type accepts boft andcy. Since the low type
finishes the game faster than the high tygeis necessarily higher than The second effect is
due to endogenous search intensity. As explained abovéuhgype has a stronger incentive to
speed up trade, and therefore, chooses a higher searchiipigri > )). This means that the low
type leaves the game even faster, thereby increasing bingtiefs beyond the level induced only
by the first effect. This difference in unconditional betiefue to varied search intensities is what
we refer to as the acceleration blessing.

2.3.2 Buyers’ Conditional Beliefs and the Solicitation Cuse

Endogenous search intensity has one more implication fperstubeliefs: Buyers have different
beliefs about the seller’s type, depending on whether tiotyaily face the seller or not. Ceteris
paribus, the low-type seller chooses a higher search iityearsd, therefore, faces relatively more
buyers than the high-type seller. This means that a buyeors tikely to face the low-type seller
than the high-type seller, and thus his belief about a padsticseller that he has met is necessarily
lower thang“, which is the probability that he (or an outside observehefgame) assigns to the
event that the seller is the high type before facing thisipadr seller (thuspunconditiona). To

be formal, denote by* the probability that a buyer assigns to the event that tHergslthe high
type, conditionalon the event that he actually met the seller. Given diffesefier types’ choices
of search intensity) by the high type and* by the low type, the relationship betweghandq*

"Note that the arrival rate of buyers helps determine ther offies,o}; anda , even in the exogenous case. To be
precise, in the exogenous case, they are functions of conamival rate\, while when search is endogenized, they
are functions of bothh and\*.



is given by

(2)

. q“A
S G T DS
Clearly,q* is strictly smaller than“ as long as\* > A. This downward adjustment is precisely the
manifestation of the solicitation curse.

Combining (1) and (2), it follows that

q"A !
* — = S S— 3
) N ) R A = )

* *
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Notice that the search intensity parametarand \*, do not appear in this expression. This does
not mean that endogenous search intensity has no effeceanatket outcome: As shown shortly,
all equilibrium objects, including}, ando;, are affected by and\*. It only means that in our
baseline model, the two effects of endogenous search itytetige acceleration blessing and the
solicitation curse, cancel each other out in terms of buyenrsditional beliefs.

2.4 Equilibrium Characterization

A (stationary) equilibrium of our baseline model can be diésd by a tuplep*, o3;, 07, \*, ¢*)
such that (i) giverv;,, p* is the low-type seller’'s reservation price aktis her optimal search
intensity, (ii) givenp* andg*, o3, > 0 (o7 > 0) only whency (p*) is an optimal price for each
buyer, and (iii) givervy; ando;, ¢* is buyers’ conditional belief, as derived in (3).

Low-type seller’'s reservation price and search optimality Given oy, the low-type seller’s
(continuous-time) Bellman equation is given by

r(p*—cp) = max —p(N) + Aoj(cg — p¥).
As usual, this gives two equilibrium conditions. First, thygimal A* must satisfy
¢'(\") = of(en — p7). (4)

The strict convexity of)(-) ensures the uniqueness of the optimal solution Second \* must
also satisfy

r(p" —vr) = —d(X") + Noy(ca —p*). (5)

It is straightforward that both* andp* are strictly increasing iaj;.



Buyers’ equilibrium offer strategy. As usualcy is accepted by both types, whipéis accepted
only by the low type. Therefore, givert andq*, cy is an optimal price for a buyer to offer if and
only if

¢"(vm —cn) + (1= ¢")(vp — cp) = max{0, (1 — ¢") (v — p")}-

The corresponding condition fo¥ is
(1—¢q") (v —p*) > max{0,¢" (vyg — cg) + (1 — ¢")(vr —cu)}.

A useful observation is that in equilibrium buyers must ofieth p* andcy with a positive
probability, which implies that
1— q* Vg — CH

¢ (va —cm)+ (1 —q")(vp —cm) = (1 —¢") vz —p") & e (6)

If buyers never offery (i.e.,o}; = 0) then, by (4) and (5)p* = ¢, while (3) implies thay* = 1.
But then, from the above optimality conditiaty; becomes a unique optimal price to buyers, which
is a contradiction. If buyers never offgt (i.e.,o; = 0) then, by (3)4* = g. Assumption 1 implies
thatg*(vg —cm)+(1—q*) (v, —cy) < 0, and thus;;, = 0 as well. But then, the same contradiction
as for the previous case arises.

To fully characterize the equilibrium, we rely on the facath; > 0 impliesp* < v;. This
means there are two cases to consigér< v, or p* = v,. If p* = vy, then (3), (4), (5), and
(6) provide all the necessary conditions for all other efuiim variablesgj,, o}, A*, andg*. If
p* < v, then no buyer has an incentive to offer a losing price, wimgplieso;;, + o7 = 1. All 5
equilibrium variables can be found from this additional dibion and the previous conditions.

The following proposition provides a full characterizatiof the unique equilibrium of the
model. Closed-form solutions for all equilibrium variablare available but rather tedious. We
report only the results that are necessary for further dision, relegating the closed-form expres-
sions as well as the uniqueness proof to the appendix.

Proposition 1 There always exists a unique equilibrium. Lebe the unique value such that
r(vp —cp) = A'(A) — d(N). If

(1_q)rwe—qﬂ+¢@)<L @)

QA )\(UH - CH)

thenp* = vy, \* = X, andq* = (cy — v1)/(vy — vy). If (7) does not hold, thep* < vy,
A= (@) (@(vn — cn)/(1 = @) < A andg® < (e —v1)/(vg — vz).

Proof. See the appendix. ]



Let us illustrate the proposition with a parametric exanvgheres(\) = b(A — \)? for some
b > 0. In this case,

N2 )2 — r(vs —cL)
—_— b *
and Condition (7) shrinks to
(1:q) ] 2r(vy —cp) <1 ®
q A+ A)(vyg —cp)

Itis clear that the inequality holds if and onlyXfis sufficiently large ob is sufficiently small. Both

of these are when search frictions are small: In the formse,cthe seller meets buyers quickly
even without any search cost. In the latter case, it is notostlycto increase search intensity.
Intuitively, when search frictions are small, the low-tygedler has a strong incentive to wait for
a high price and her reservation price is also high. Theeeftire low-type seller’s reservation
price binds at,, and all other equilibrium variables are determined suliethis constraint. In
the opposite case whepeis sufficiently small or increasing search intensity is sigftly costly,
the low-type seller’s reservation falls short«@f. This ensures that no buyer offers a losing price
(03; + o7 = 1), and all other equilibrium variables follow from there.

2.5 Effects of Reducing Search Costs

We now study the effects of reducing search costs in the m&iete it is not clear how to measure
a change of a functior(-), we restrict attention to the parametric case whgre) = b(\ — \)?,
where a decrease in search costs can be naturally inted@etedecrease in

The following result is immediate from Proposition 1 and tiesed-form solution for the
parametric case.

Corollary 1 Suppose()\) = b(A — )2 If (8) holds, then a marginal change indoes not affect
the low-type seller's expected payoff, while(#) does not hold, then a marginal decreasebin
increases the low-type seller’s expected payoff.

Proof. The first part is obvious, becaugé = v;, as long as (8) holds. The second part follows
from the following explicit solution fop*:

Aqlvg — ¢ 1 (qlvg —c 2
p*:cL+:q< H AH) L q(vn AH) ‘
r 1—gq rb 1—1q

This solution can be found by combining (5) with

IOy xRy s _a\(UH_CH>
o) = ol - a2 = L=
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The solicitation curse is the underlying reason why theeselbes not necessarily benefit from
a reduction in search costs. When search costs (measurédnbthe example) decrease, the
low-type seller obtains a direct benefit of lower costs. Haveshe also increases her search
intensity, which exacerbates the solicitation curse dmetegfore, lowers buyers’ incentives to offer
a high pricé® When (8) holds, this indirect negative effect exactly dffgbe direct positive effect.
Therefore, the low-type seller’'s expected payoff remainshanged, despite lower search costs.
In the next section, we show that in the non-stationary wersif our model, this indirect effect
could dominate the direct effect, and thus a reduction inckeeosts could even strictly decrease
the low-type seller’'s expected payoff.

3 Non-Stationary Dynamics

We now study a non-stationary version of the model. Thisaglas to explore another dimension
of costly search: dynamics of endogenous search intensityta impact on equilibrium trading
dynamics.

3.1 Setup

We consider the same physical environment as in Section &péxor the following change:
Now buyers observe how long the seller has stayed on the im@irke-on-the-market). In other
words, each buyer knows how much time has passed since theagived at the market. This
specification fits well into our continuous-time frameworidaallows us to study non-stationary
dynamics in a particularly tractable w&yVe normalize the time the seller comes to the market to
0.

We use the same notation as in Section 2. We denoigdythe low-type seller’s reservation
price and by\(¢) her (expected) search intensity at timeAs in the stationary case, it is not

8In the parametric example, this can be explicitly shown fthmfollowing closed-form solution for};:

2(b2 (r(vg —cr) + Az — bA).

CH — VL

oy =
Differentiating this expression with respectito

Doty r(vp —cp) + 2bA% — 2003 (r(vg, — cp) + bA?)?
ab (CH—UL)G,%(T(DL _CL)+bA2)%

>0

That is, an increase in search costs increases the prdpiéit buyers offery.
9The framework was introduced by Kim (2012) and has been addptaddress other substantive questions. See
Kaya and Kim (2013) and Hwang (2013).
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necessary to separately denote the high-type seller'svaagm price and search intensity: No
buyer offers a price strictly abovg;. Therefore, the high type’s reservation price is alwaysaéqu
to cy and she never exerts search effort (i.e., always chodsesor eacha = L, H, we let
o,(t) denote the probability that the buyer at timeffers the reservation price of the typeseller.
Finally, we represent by“(t) buyers’ unconditional beliefs and layt) buyers’ conditional beliefs
at timet.

A collection of functiongp(-), A(-), o.(+), ou(*), ¢“(), ¢(+)) is a (weak perfect Bayesian) equi-
librium if (i) given oy (-), p(t) is the low-type seller’s reservation price aingt) is her optimal
search intensity at (ii) given p(-) andq(-), for eacha = L, H, o,(t) > 0 only when offering the
type-u seller’s reservation is optimal for the buyer at timand (iii) giveno . (-), og(+), andA(+),
q"(t) andq(u) are obtained through Bayes' rule.

We also make one simplification regarding the search teolggolwe assume that there are
only two search intensity levels availabfe.Specifically, we assume that the seller’s search in-
tensity at each point in time is eitharor X, whereX > X\ > 0. The baseline intensitx can
be obtained at no cost, while the seller must incur fixed flost ¢ato increase her intensity to
). This specification implies that the low-type seller’s estgel search intensity(¢) is always
restricted to the intervdl\, A\] and the probability that the low-type seller chooseis equal to
(A) = 0)/(A=A).

We focus on the case where market frictions are not probdjtiarge that the low-type seller
has a non-trivial incentive to increase her search intgasitwvell as wait for a high price. Precisely,
we make use of the following assumption.

Assumption 2

r(A—2)

Y (er —cr), Men —vr) = r(vp —er), (v — cr) <@) } .

¢ < min {
To interpret this condition, suppose the low-type sellgre®ts to receive with probability 1
from the next buyer. This is the most optimistic scenaridwlow-type seller. Therefore, she has
the strongest incentive to increase her search intensithanreservation price is maximized f
is optimal for her, then her reservation price, denoted,satisfies

—¢p+ren + e
r+A .

r(p—cL)=—¢+Aew —p) & D= 9)

The first part of Assumption 2 claims that the low-type seskeictly prefers) to ) in such a case
(i.e.,—¢ + Ay — P) > AMcw — P)). The second part states that the low-type seller’s reierva

10The characterization of the general convex-cost case withbluded in the next version of the paper.
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pricep strictly exceeds the value buyers put on a low-quality unit,

3.2 Equilibrium Structure

We construct an equilibrium of the following structurethere are three increasing time poirts,
t5, andt;, such that

e If ¢ < t3, then the buyer offerg(¢) with probability 1 (o, (¢) = 1), which implies that the
low-type seller never choosag(i.e., \(t) = \).

o If t € [t7,1}), then the buyer randomizes betwegn) andcy (i.e.,o.(t), ox(t) > 0), while
the low-type seller randomizes betwekand (i.e., \(t) € (), \)).

e If t € [t3,t};), then the buyer randomizes betwegnand a losing price (i.eqgy(t) € (0,1)
ando (t) = 0), while the low-type seller randomizes betweeand) (i.e., \(t) € (A, \)).

e If t > ¢4, then the buyer offersy with probability 1 (i.e., ox(t) = 1), and the low-type
seller always chooses the high search intensity (i(@),= )).

The first and the last phases are intuitive. Due to severerse\selection (Assumption 1),
initially there is too much risk of overpaying for a lemon. érkfore, buyers would offer only the
reservation price of the low type. On the other hand, the igve is more eager to trade than the
high type. Therefore, staying on the market for a sufficieluthg time is a good indication of the
high quality of the asset. Therefore, the buyers who wouldedo the market sufficiently late
would offercy to the seller.

The equilibrium behavior in the two interim phases (i.eg thterval[t], t3)) is rather subtle.

In the first phase, as the low type accepts and leaves the market, the probability of the high
type increases over time. Once it reaches a certain thiksbayers begin to offer;. But that
provides an incentive for the low-type seller to increasedearch intensity. Since the seller who
successfully meets a buyer is more likely to be the low typsebs will then be less willing to
offer cy. This then generates the opposite cycle by reducing thetype-seller’'s incentive to
exert search effort. In equilibrium, the low-type sellershohoose\ and buyers must offety;
with just enough probabilities so that all agents have jigdttrincentives. The main difference
between the two interim phases is whether the low-type rselleservation pricep(t) is below

or abovev;. As in the stationary model, in equilibrium, the buyer neneakes a losing offer in
the former case, while he never offes&) in the latter case. Interestingly, it turns out that an
equilibrium requires both phases. In other words, havinlg one interim phase is not sufficient
to align agents’ incentives.

1This equilibrium is the unique equilibrium under Assumpti2 A uniqueness proof will be included in the next
version of the paper.
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Figure 1: Evolution of buyers’ unconditional (solid) anchditional beliefs (dashed).

Figure 1 depicts how buyers’ unconditional beligfg-) and conditional beliefg(-) evolve
over time. ¢*(-) always strictly increases over time: #if< ¢}, then only the low type trades. If
t € [ti,t5), then the low type not only accepi$t), but also chooses a higher search intensity.
Finally, if ¢ > t4, then both types trade only af;, but the low type trades faster because she
chooses a higher search intensity. The last part best esjthue acceleration blessing in the current
non-stationary setup. If the seller cannot influence herckemtensity, then aftet; both types
would trade at the same rate and, therefore, buyers’ (uniconal) beliefs would stay constant.
Endogenous search intensity allows the low type to traderféisan the high type, thereby relaxing
future buyers’ incentive constraints to offey.

To the contrary, buyers’ conditional beliefs) do not necessarily increase over time. In fact,
they strictly decrease on the interyél, t5) and stay constant on the interVgl, ¢5). This is a clear
manifestation of the solicitation curse. Although it be@smore likely that the seller is the high
type over time (acceleration blessing), the low-type sallso increases her search intensity over
time (i.e.,\(t) increases), which exacerbates the solicitation cursescbimes less likely that the
matched seller is the high type. Over the intefvalt}), the solicitation curse is at least as strong
as the acceleration blessing, and thus buyers’ conditlmeigdfsq(-) weakly decrease, even though
their unconditional beliefg*(-) constantly increase.
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3.3 Equilibrium Construction

We construct an equilibrium by moving backward in time.

3.3.1 LastPhaset >t}

In the last phase, all buyers offes; with probability 1. Under Assumption 2) is optimal for the
low-type seller, and her reservation price is giverpby) = p.

To determine buyers’ unconditional and conditional bsliéfst notice that the buyer gitmust
be indifferent between offering; and a losing price. This implies that

Cq — VL

q(t5)(vg — cu) + (1= q(t3)) (v — ) = 0 < q(t3) = :
Vg — VL,
Then, ¢“(t%) can be recovered from the fact that the high-type sellegscéeintensity is always
equal to), while A(t5) = \:

- q (tS)A = - qu(tg) _ (CH__ UL>)‘ ‘
q“(T5)A + (1 — ¢“(t5))A (e —vr)A + (vg — cu)A

q(t;) =

Giveng(t3), ¢*(t) for anyt > t% can be obtained from the fact that both seller types tradenexes
they meet a buyer, as the buyer offegswith probability 1:

“(t) = g (t5)e A0-1) _ (cur — wi) e 20%)
4 qu(ty)e=20-t) 4 (1 — qu(t;’))e—X(t—tg) (cy — UL)XQ—A(t—t;;) + (vy — CH)Ae—X(t—t.}‘)'
(10)
Finally, since\(t) = A for anyt > 3,
TEADN _ —A(t—t3)
o) — L2 Cn—vu)e T 7 v

A+ (1 =g W)X (ca —vp)e 25 4 (v — cy)e NEE)
3.3.2 Second Interim Phaset € [t;,t;)

In the two interim phases, the low-type seller is indiffarbatween\ and \. Therefore, given
buyers’ offer strategiesy (-), the Bellman equation for the low-type seller’s reservafpacep(t)
is given by

r(p(t) —cL) = —¢+ doy(t)(cu — p(t)) + p(t)
= Aou(t)(cn —p(t) + p(t).
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It is then straightforward that

7ut)(en =) = =2
and o)
r(p(t) — cL) T p(t)
Solving the differential equation, for ea¢ke [t7, %),
p(t) =+ A+ D (p(t]) — e — A), (12)

whereA = ¢)\/(r(\ — ))). From the low-type seller’s indifference condition, it@fellows that

A L
oult) = (X . A) P S (] [y )

(13)

We first determine the length of the second interim phése ;. It suffices to use the fact that
p(ts) = v, andp(t;) = p. Applying the values to (12), it is immediate that

o=ty _ P—cL—A

vV, — C, — A
We now solve for buyers’ unconditional beliefé(-) and the low-type seller’'s equilibrium
search intensity\(-) for the second interim phase. In the second interim phaset(ic [t;,3)),
each buyer is indifferent between offering and a losing price. Sincgt) is obtained fromy“(¢)
and\(t), this implies that
cy — g . q“(t)A vg —cy 1 —q"(t) A(t)

i s S s BprTrs V) B s W e

In addition, since trade occurs onlyat, giveno(-) andA(-),

. gte” f;AJH(x)d:c
q (t) - — [T Ao (x)dx — [P A®)om (z)ds
qre AT 4 (1 — gr)em T

Thereforeg*(-) increases according to

¢"(t) = ¢"(O) (1 = q" (1) (A(t) = A)ou(t). (15)

In what follows, we focus og*(-). Giveng“(t), \(t) can be easily recovered through (14).
The following mathematical results will prove useful fortbanterim phases.
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Lemmal (1) If&£(t) = ftt Aoy (x)dx whereoy (-) is given as in(13), then

_ A (e — p())e"*Y
&) = cy —cp — A o ((CH —cp — A) — et (p(t) — cf, — A)) '

(2) Suppose for some constdsa functiong®(-) satisfies the following ordinary differential equa-
tion fromt:
q"(t) = ¢"(t) (Bq"(t) — 1) Ao (B).

Then, the unique solution to the differential equation igegiby

q“(t) = n B(e—f(t) — 1).

_1
q“(t)
Proof. See the appendix. [ ]

Plugging (14) into (15) and arranging the terms, the systie@goations reduces to the follow-
ing ordinary differential equation:

q"(t)
o

(0 = ') (2~ 1) w0
Notice that this equation takes the same form as in the squamaf Lemma 1. It follows that the

solution is given by
‘() = —T———o 7 (16)

q“(t3) q*

_§(t) (CH _ ,UL>€T’(t—t;) _chchA
e = _ :
(cg —cp — A) — "B (v, — e — A)

There is a terminal condition that the solution must satigfy¢}) in (16) must coincide with
the one derived for the last phase, that is,

where

¢y — vL)A " eE(t3)
( ) =q"(t3) =

(CH — ’UL)X + (UH — CH)A

1 e 8t 1 °
q*(t3) q*

This condition allows us to pin down the unique valuestft}), which is necessary to analyze the
first interim phase. Note thal — ¢ was derived above.
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3.3.3 First Interim Phase:t € [t],15)

In the first interim phase, as in the second interim phasdotiraype seller is indifferent between
X and). Therefore, the derivations fg(-) ando(-) are identical to those for the second interim
phase. It follows thap(-) andoy (-) are as given in (12) and (13), respectively.

Unlike in the second interim phase, buyers’ conditionaidfgl;(-) are not fixed ay*, but vary
over time. In particular, each buyer must be indifferentsen offeringcy andp(t). This means
that givenp(t), ¢(t) is given by the value that satisfies

1—q(t) vy —cy

a(0) v = ex) + (1= a(0) s = em) = (1= g(0)(en = pl1)) & 5 = T (17)

In the first interim phasey(t) < v,. This implies that no buyer offers a losing price, and this th
low-type seller trades whenever she meets a buyer. Sindewhtype seller trades at ratgt),
while the high type at rateo 4 (¢), it follows that

§"(t) = ¢"(O)(1 = ¢"(1)(A(t) = Aom(t)). (18)
Finally, as usual, buyers’ conditional and unconditiorelldfs are intertwined via (¢):

- q"(t)A L—q(t)  1—q"“(t) At)
M=t (-epn © ) e0 A (19)

Combining (17) and (19) and using the fact thal(t)(cx — p(t)) = ¢/(A — A),

At = 2 - Ay — CH)AUH(t)%.

(20)

Plugging the expression for(t) into (18) and arranging the terms,

)= 00) (5200 = en 1) 00 - 1) 2o

Notice that this again takes the form in the second part ofrhami. Therefore, the solution is

given by
0
(21)

[>

q'(t) = — N <%(UH — ) + 1) (=60 — 1)

where A

6—§(t) _ (CH — p(t’{))er(t—q) TCeg—c A |
(cn — e = A) =D (p(t]) — e, — A)
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Giveng"(t), A(t) can be recovered from (20). In additiarif) can be recovered either from (17)
or from (19).

It remains to determing — ¢} andg"(¢}). The two relevant conditions for them are as follows.
First, there is a terminal condition for the solutigh(-): ¢“(¢5) from (21) must coincide with the
value found in the second interim phase. Formally,

o—€(t3)

= : 22
2w — o) +1) (76 1) -

1
q“(¢7)

q"(t3) = N (

Second, it must be that(¢7) = \: otherwise, buyers right beforé would strictly prefer offering
cy to p(t), because(-) is always conditions, whilg(-) would jump down at;. Using (17) and
(19), this condition is equivalent to

1-— qu(f{) . Vg — CHy

@) on =) @3)

The existence of the solutions to these two conditions Wadldrom the fact that that in (23),
the right-hand side is larger than the left-hand sidg i ¢} is sufficiently close td (in which
casep(ty) is close tov,, while ¢“(t7) is away fromg*), while the opposite is true if; — ¢} is
sufficiently large (in which casg"(t}) is close to0, while the right-hand side is bounded above
by (vy — cy)/(cy — vr)). The uniqueness follows from the fact that the right-haide & (23)

is strictly decreasing it — ¢} (becausey(t}) is strictly decreasing i, — ¢7), while the left-hand
side is strictly increasing i, — t1: To show the latter, first notice that sing&?) = v,

* * A _ A
oE03) (ca —p(t7))erta—1) A (eg —p(t}) v —cp— A\ T
(e —cp — A) —erB(p(t]) — e — A) cy —vp p(ty) —ep — A ’

Therefore,e=¢(2) is strictly increasing int; — ¢. Applying this to (22), it follows that®(t}) is
also strictly increasing ify, — ¢7.

3.3.4 First Phase:t < 7

In the first phase, buyers offer onp(t). Therefore, the low-type seller always choogeslt
follows thatp(-) increases according to

p(t) = cr + e (p(t]) — cp). (24)

It also follows that buyers’ unconditional and conditiorediefs coincide (i.e.q(t) = ¢*(t) for any
t € [0,t}). Since the low-type seller trades at ratewhile the high-type seller never trades;)
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andq"(-) increase according to

~

¢"(t) =alt) = T (25)

Finally, we determine;. From the characterization of the first interim phagét;) is already
fixed. Combining the value with (25) gives the unique value;ofNote that we have found the
values ofty — t7 andt; — t5 before. Therefore, the identification tif allows us to complete the
equilibrium construction.

We summarize the equilibrium construction results in tHie¥ang proposition.

Proposition 2 In the discrete case with two search intensity levels, udssumption 2, there
exists a unique equilibrium. In the equilibrium,

e The low-type seller’s reservation prigg-) increases according t(24)if ¢ < ¢}, increases
according to(12) if t € [t], t5), and stays constant atif ¢ > ¢3.

e Buyers’ unconditional beliefg’(-) increase according t¢25)if ¢ < ¢}, according to(21) if
t € [t7,t5), according to(16)if ¢ € [t;,t5), and according tq10) ¢ > ¢5.

e Buyers’ conditional beliefg(-) increase according t¢25)if ¢ < ¢}, decrease according to
(17)ift € [t7,t5), stay constant atcy —vy) /(vy —vp) if t € [t5,15), and increase according
to (11)t > t3.

3.4 Effects of Reducing Search Costs

We now examine the effects of reducing search costs on theylpgvseller's expected payoff in
the non-stationary model. Due to the complexity of the elguim structure, it is quite involved
to analyze the effects of a marginal charigéstill, it is possible to compare the low-type seller’s
expected payoff under Assumption 2 to her expected paydfiermodel with exogenous search
intensity (i.e., only\ is available), provided that is relatively large. The following result is
straightforward from the characterization above and tealtén Kim (2012).

Corollary 2 Suppose (v, —cr) < A(eg—wvr). Then, the low-type seller’s expected payoff is lower
when) is available (equivalently) is relatively small) than when is not available (equivalently,
¢ is prohibitively large).

Proof. Kim (2012) shows that when the arrival rate of buyers is exogsly given by\ such that
r(vy, —c1) < Mey — v), the low-type seller's expected payoff is equabtd!” (v, — c) where

2More thorough comparative statics results will be incluitethe next version of this paper.
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t* is the value that satisfies

~

n — VL _ q
vg—vr g+ (1—qe

Under Assumption 2, the low-type seller's expected payoéfjual ta:=""1 (p(¢7) — ¢ ). The result
follows from the fact thap(¢}) < v, and

~

CHg — UL < q
vg—vr ¢+ (1—q)e

—A
|

The result is again due to the solicitation curse. As seassksaecrease, the solicitation curse
worsens, because the low-type seller has a stronger imedatincrease her search intensity. Asin
the stationary model, this indirect effect offsets the dit@enefit of lower search costs. Unlike in
the stationary model, the indirect effect even outweiglesdinect effect. This is precisely because
of dynamics of endogenous search intensity. As shown ablo@eolicitation curse is particularly
strong in the first interim phase. When search costs decesmkeherefore, the low-type seller has
a stronger incentive to increase her search intensity,redygcome more cautious and demand a
higher unconditional probability that the seller is thehtgpe. This means that the length of the
first phase needs to increase. This decreases the low-tNgessexpected payoff, because buyers
offer only the reservation price of the low-type seller othez first phase.

4 Discussion

We have focused on a particularly simple environment. Ia $sigiction, we show that our insights
are robust to various changes to the environment. For stihplve explain the robustness in the
context of the stationary model studied in Section 2.

4.1 Buyer Inspection

There are various models that allow for buyer inspectian,(buyers’ getting an informative signal
about the quality of the good§.We first explain how to accommodate buyer inspection within o
framework and how our insights extend into such an envirarime

Suppose each buyer receives a signal that is identicallyirdependently drawn from the
interval [s, s] according to the distribution functioh),, wherea denotes the quality of the good.
Assume that each;, admits a continuous and positive densfty For simplicity, also assume that

135ee, for example, Kaya and Kim (2013), Lauermann and Wofif@@13b), and Zhu (2012).
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the likelihood ratiof (s)/ f1.(s) is strictly increasing (MLRP)f (s)/ fr(s) = 0, andfy (5)/ fL(5)
is arbitrarily large. All other specifications of the enviraent are identical to those in Section 2.1.

Naturally, a buyer’s optimal offer strategy is a cutoff s#gy: there exists* € [s, 5| such that
the buyer offers:; if and only if his signal is above*. For signals below*, we denote by (s)
the probability that each buyer offeps when his signal is.

Givens* ando—z( ) the high-type seller trades at ratél — Fiy(s*)), while the low type at rate
A((1— Fr(s*)) + f or(s)dFy(s)). Then, as in Section 2.3, buyers’ unconditional beliefs are
given by -

q
q' = " A(1—FHu(s ))(1—(7)
AA=Fu(s™)) A ((A=Fr(s*)+[3 oL (s)dFy(s))

)

Unlike in the baseline modet* is not necessarily larger than This is because the high type
generates good signals and, therefore, receiyemore frequently than the low type (i.€.,—
Fu(s*) > 1 — Fr(s*)). This provides a countervailing force to the usual efféett tthe high
type accepts onlyy, while the low type accepts both; andp*. This does not mean that the
acceleration blessing may be absent in this model. It isgBkent, because without endogenous
search intensity, buyers’ beliefs would be

_a

1—Fg(s*)
7 + (1- Q) ’
1-Fy(s*) ' (1—Fp(s N+ " oL (s)dFL(s)

which is strictly smaller thap®.
Giveng" and\*, buyers’ conditional beliefs are given by
qA 1—F1q{(8*)

T == N _a
A+ (L= N 7 o
qA + ( Q) 1-Fp(s*) T (I=Fp(s*))+[; or(s)dFL(s)

As in the baseline model, the difference betweéandqg* represents the solicitation curse.

4.2 More than Two Types

It is well-known that the equilibrium characterization bates significantly more complicated
once there are more than two types of sellers. Neverthdlessrelatively easy to show how
the two effects of endogenous search intensity arise in teeirwith more than two types. For
simplicity, we consider the case of three types. The geizatan into more types is notationally
more cumbersome, but conceptually straightforward.

Suppose there are three types of sellers: low typergiddle type (/), and high type ). For
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eacha = L, M, H, denote by, a type« unit’s value to the seller and by, its value to buyers,
and assume that, < ¢); < cy andv;, < vy < vy. Letgq, be the probability that the seller is of
typea at the beginning of the game. The search technology is gisém &ection 2.1.

Let p! denote the reservation price of the typeseller. The assumption, < ¢y < cy
guarantees that; < p;, < pj. This, in turn, guarantees tha} is accepted only by the low
type, p;, by the low type as well as the middle type, apigl by all three types. In addition, it
is straightforward to show that, as in the two-type casehdawyer offers eithepy,, p},, ., or
a losing price. Denote by the probability that each buyer offeps. Finally, denote by\; the
type-u seller’'s optimal search intensity. Since a lower type gamose from search, it is also clear
to show thath = A}, < A}, < A}

Let ¢¥ represent buyers’ unconditional beliefs that the sellef iiype a. Following the same
steps as in the two-type case,

ar
A (o +oytor)

u
o = qr am qg
ApLlegtoytor) - Aylohtoy)  Agoh
am
u Muloh+oiy)
v = qr Y5 qa ’
Ap(oytoitor) o Ay (ot+oi) o Aok
qH
u MH9H
v = qr Y5 q
Ap(oytoitor) o Ay (ohtoi) Aok

Since)}; < \j; < A}, endogenous search intensity clearly lowgrswhile increasesy,, relative
to the exogenous case (which can be interpreted as the case Mh = N}, = \}). ¢}, can
increase or decrease, depending on the valug$ of;,, and\;;. Nevertheless, it is easy to show
that ¢3,/q; strictly increases, while?},/qj, strictly decreases. This shows that the acceleration
blessing clearly operates for the case of more than two types

Let ¢; denote buyers’ conditional beliefs that the seller is oktyp Again, as in the two-type
case,

qr

¢ = qrAL . oy toytor
L u\x u ) * w Yk a; q; T’
+ A+ A qL am qH
R R T
{I\JM
uok -
q* - qM)\M o O'H+O'7M
M7 quzk gt K gu Nk L am dn’
WAL T A Tate oo T e, o,
an
o = Y _ T
H UNE gl \E gl \E L am an
WAL T A Tate oo T e, oy,
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Clearly,q; > ¢} andq;; < ¢f. Inaddition,g;,/q; < q3;/q}. while gy, /¢ > g3/ 4% Thisis how
the solicitation curse manifests in the case of more thartypes.

4.3 Alternative Bargaining Protocol

One undesirable property of the baseline model is that tipe-tyipe seller has no incentive to in-
crease her search intensity and always choasesthough it simplifies the analysis, it seems to
prevent a full exploration of the effects of endogenousdeartensity. The property is a conse-
guence of the bargaining protocol we adopt in the baselingelan which the Diamond paradox
always applies to the highest tSype. There are severahatiee bargaining protocols that allow
us to overcome the probletfi.In this section, we consider a bargaining protocol, whicpagtic-
ularly simple but has been widely adopted in the literatdi@nd study the effects of non-trivially
endogenizing both types’ search intensities.

4.3.1 Setup

The physical environment is as in Section 2.1. It is also Hraesthat each buyer offers a price
and the seller decides whether to accept it or not. But noeh eayer is restricted to offer only
one of two exogenously given prices; andpy. In order to avoid triviality, we assume that
cr, < pp < vy andey < py < vy. In other words, a buyer is willing to offes, if he believes
that it would be accepted by the typeseller. Of coursepy would be accepted not only by the
high type, but also by the low type, which creates an advezkeetson problem. Notice that the
high-type seller now obtains a strictly positive expectaggif, as long ap is offered by buyers
with a positive probability. This implies that the high-typeller also has an incentive to increase
her search intensity. Assumption 1 turns out to be moreggnnthan necessary. We now make
use of the following assumption:

Assumption 3
qua + (1 = q)vr < pu.

We denote by’ the typee seller’s reservation price, by’ her equilibrium search intensity,
and byo’ the probability that each buyer offeps. Sincepy is the highest price that can be ever
offered, it is clear that; < pj}; < py and the high type seller acceptg with probability1. For
the low-type seller, we denote by, the probability that she accepts.’® Obviously,o% = 1 if

YFor example, introducing simultaneous competition as imc¥nt (1990), allowing the informed player to make
offers as in Gerardi, Horner and Maestri (2013), and rafgdagenerating offers as in Lauermann and Wolinsky
(2013b).

15See, for example, Wolinsky (1990), Blouin and Serrano (30&1d Camargo and Lester (2013).

®Note that we retain the stationarity of the problem by reiggithe low-type seller to play a stationary acceptance
strategy.
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p; < pr, whileof = 0 if p; > p,. For the case wherg, = p;, we no longer require that;
should be accepted by the low type with probabilityThis is necessary for the existence of an
equilibrium.

4.3.2 Buyers’ Beliefs

Buyers’ unconditional and conditional beliefs can be dmiias in Section 2.3. Giver}; andot,
buyers’ unconditional beliefs are given by

qu — AuH
q + 1-g
o | N(op+(—0i)o5)

The difference from the baseline model is that the high-tygker no longer chooses Still,
as shown shortly, the low-type seller gains more from setlvah the high-type seller, and thus
i < \:. Thisimplies that the acceleration blessing still incesasuyers’ unconditional beliets.
As usual, buyers’ conditional beliefs are given by

\ Y o
= — = = . 26

4.3.3 Equilibrium Characterization

Let o denote the probability that the low-type seller acceptsféer of p;,. An equilibrium can
be described by a tupley, pi;, A\i, Ay, 057, 0%, ¢*) such that (i) givery,, p: is the types seller’s
reservation price and’ is her optimal search intensity for each= L, H, (ii) o5 > 0 only when
p; > pr, and (iii) given\; , X}, o3, andog, ¢* is derived as in (26).

We begin with an observation that the low-type seller’'s neston price cannot strictly exceed
pr, thatis, it is necessary tha} < p,. Suppose@; > p;. Then, both types accept only;. But
this implies thay* = ¢ and, under Assumption 3, a buyer would obtain a strictly tieg@ayoff if
he offerspy. Therefore, all buyers would offer;, with probability 1. This brings dowrp; below
pr, Which is a contradiction.

Low type’s reservation price and search optimality. Similarly to the baseline model, the Bell-
man equation for the low-type seller is given by

r(py = 1) = max —¢(A) + Mog (pr — pi) + (1 = op) (02 = p)).

In Section??, we show that with the introduction of buyer inspectionsipossible to have that; < )%, and
thus endogenous search intensity may create deceleratisa for buyers’ unconditional beliefs.
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Notice that it is assumed that the low-type seller would ptge with probability1. This incurs no
loss of generality, because, as explained abgyes p., and thus the low-type seller must weakly
prefer accepting,, to rejecting it. It follows that\; must satisfy

¢'(\L) = og(pr — 1) + (1 —o5)(pL — p1). (27)

and
r(py —cr) = —¢(A\L) + ALlon(pr —p1) + (1 —op)(pr — p1))- (28)

High type’s reservation price and search optimality. Unlike in the baseline model, the high-
type seller now faces a non-trivial optimization problenmc® she accepts on}yy, the Bellman
equation is given by

r(py — cn) = max —¢(X) + Aof (P — Py)-

Therefore, her optimal search intensitfy must satisfy
¢' (M) = o5 (pr — Py, (29)

and
r(py —cu) = —9(A\y) + Aoy (pe — 1) (30)

From (30), we see that the high-type seller obtains a strpuikitive expected payoff (i.ep;;, >
cy), as long asry; > 0 (which is shown to be the case shortly). Then, from (29),> A. On
the other hand, comparing (27) and (29), itis clear #fjat< A;. This shows that the fundamen-
tal ingredients regarding endogenous search intensitpraserved in the model with exogenous
prices.

Buyers’ equilibrium offer strategies. For the same reason as in the baseline model, in equilib-
rium buyers must randomize betwegin andp,,. Giveng* ands¥, this implies that

¢ (vg —pu) + (1 —=q") vy —pr) = (1 = q")os(ve — pr). (31)

There are 7 equilibrium variables, but only 6 equilibriunmdaions, (26)-(31). As in the
baseline model, an additional condition comes from the flaatp; < p,. If p; = pz, then
the other 6 variables solve the 6 equationspjlf< p., then the low-type seller strictly prefers
accepting,, to rejecting it, and thus = 1. Then, again, we have 6 variables and 6 equations.

The following proposition characterizes the equilibriumwnihichp} = p;. The detailed deriva-
tions of the equilibrium variables are relegated to the agpe The equilibrium in whiclp; < p,,
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is omitted for brevity. It can be derived in an analogous nesnn

Proposition 3 Let \ be the unique value such thatp, — cz) = —6(\) + A¢'(A). If ¢#(\) <
¢(vg —pu)/(1—7q), then there exists an equilibrium in whiph = p;. In the equilibrium\} = A
andoy, = ¢'(\})/(pw — pL)- Given\; andoy;, o§, ¢*, p;;, and A}, can be obtained fron{26),
(29), (30), and(31).

Proof. See the appendix. [ ]

4.3.4 Discussion

An intriguing possibility arises if buyer inspection is cbmed with exogenous prices: the solic-
itation effect can be a blessing, while the acceleratioactftan be a curse. We illustrate this in
the simplest model where each buyer receives a perfectlsapoat the quality of the good. It
is fairly straightforward to generalize the result into tase where buyers’ signals are noisy but
sufficiently informative.

With perfect signals, buyers’ optimal offer strategiesstraightforward: each buyer offepg;
with a perfectly good signal ang, with a perfectly bad signal. Given this, the typeseller’'s
reservation price; and optimal search intensigy satisfy

7’(]92 - Ca) = _¢()‘2) + )\Z<pa - pZ),
and
¢'(A2) = Pa — Pl
Combining the two conditions,

Cb()‘;i) + r(pa - Ca)
T4+ A

¢'(A7) = & (r+A)0/(A2) — 6(A2) = 7(pa — ca).
Since(r + \)¢'(A) — ¢(\) is strictly increasing im\, there exists a unique value af for each
a=H,L.

Notice that)\; is an increasing function qf, — ¢,. Therefore, ifpy — cy > pr — cr, then
X5 > Aj. This immediately implies that endogenous search intghsis the effect of decreasing
buyers’ unconditional beliefs (deceleration curse), whilake their conditional beliefs higher than
their unconditional beliefs (solicitation blessing). Fally, since\;; > \; and each type trades
with the first buyer they meet,




Appendix: Omitted Proofs

Proof of Proposition 1.

(1) The equilibrium in whictp* = vy,

It is straightforward that* = (cy — v1)/(vg — vr). The other three equilibrium conditions
are

oy +o;  1—qecg—vg
oy ¢ vg—cy’
r(vp —cp) = —o(N) + XNoy ey —vp),

&' (N) = oylcg —vp).
From the last two conditions,
T(’UL — CL) = —gﬁ()\*) + )\*(b/()\*)

This implies that\* = \. Given\*, it follows that

r(vp —cp) + o(A%)
)\*(CH — UL) '

oy =

Finally, from the first condition,

(1—501{—% _1) ot = (1_Z]\CH_UL _1) T(UL_CL)_'_Qﬁ()‘*).

)\*(CH — UL)

o; =

~

q VH —CH

o~

q Vg —CH

This equilibrium is well-defined if and only if

. . 1—q (r(vp—cp)+ o(N\)
= < 1.
oy + oy, @\ ( )\*(UH — CH) s

(2) The equilibrium in whichp* < vy,
As explained in the main body;,; +0; = 1. Therefore, we have the following four equilibrium
conditions:

~

* q
q = =77 =
¢+ (1 —-qoy
1 1-qgcy—p°
oy ¢ vg—cy’
r(p"—cr) = —¢(X)+ Xoy(en —p),

¢ (A7) = oplen —p").
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From the second and last conditions,

sy Avr — )
¢()\)_1qu

For this, it is straightforward to calculate the following:

A R ity

p - 9
T
ot — q VH —CH
. 1—Geg—p*
. q
q =

g+ (1 =gy

This equilibrium is well-defined if and only ip* < v;. We show that this condition holds
whenever (7) is violated. Note that

pr<uvr & r(pt—cr) =N \) = o(\) <r(vp —cr)
PN Cb,()\*) < T(UL - Ciz + Qb()\ )

1—qr(vp —cr) + ¢(\")

q )\*(UH — CH) ’

& 1<

To see that this inequality is implied whenever (7) does otd idefine

FO\) = L—qr(ve —cr) +0(A)

~

q )\(UH - CH)

By its definition, it suffices to prove thdt(\) > 1 implies F'(A*) > 1. Notice that

F) = 1 ;CYAW()\) ;qu()i)_—;f?;L - CL),

SinceA¢’(\) — ¢()\) is strictly increasing and”(\) = 0, F(-) strictly decreases until and then
strictly increases. The result immediately follows frorstproperty ofF'(+).

(3) Unigueness.

It suffices to show that if (7) holds, then there does not eaastquilibrium in whichp* < vy.
Suppose such an equilibrium exists. From the equilibriunddmns,

N/ (V) — d(N) = r(p* — 1) < r(vp — e) = Ad'(N).
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SinceAd'(A) — ¢()) is strictly increasing im\, A* < X. On the other hand, if (7) holds, then

iy = T c§> o) _ ZI‘@{I;ITH) — (N,

The convexity ofp(-) implies\ < \*, which is a contradiction to the previous conclusion. m

Proof of Proposition 3. Combining (27) and (28) and imposipy = p.,

r(pr —cr) = —p(AL) + ALd (ML)

Sincelg’(\) — ¢()\) is strictly increasing, there exists a unique solutigrto this equation. Given
A;, from (27),

/ )\*
0.;{: ¢( L) )
P —PL
From (26) and (31),
1-7 oy _l-q vn = pu
¢ op+(l—oy)os ¢ pu—vr+osor—pr)

If 0% = 0 then, by Assumption 3, the left-hand side is strictly largen the right-hand side.
Therefore, a necessary and sufficient conditiorsfpto be well-defined is

1-q

v —
q

pH—pL’

which is equivalent to
IOV < q(vm —pH).

This is the condition given in the proposition.
Finally, rewriting (29),

—¢(N\u) +rem + Nyoppn

P = T+ A0

Plugging this into (30),

* * * * ¢ )\* +r PH —C
¢/<)‘H) = oy (pr — i) = 0 ( Hi n )‘(ng}k{ )

which is equivalent to
(r+ Naoi)¢' (Ny) — o o(Ay) = ogr(pn — cn).
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The left-hand side is smaller than the right-hand sidg,if= 0. On the other hand, the left-hand
side is larger if\j; = \;, because

(r+ AL05)¢' (AL) — d(AL oy > rd'(AL) = opr(pa — pL) > opr(pa — cu).

Since the left-hand side is strictly increasinghifa, while the right-hand side is independent of it,
there exists a unique value &f; that satisfies the equation. |

Proof of Lemma 1. (1) £(¢) can be explicitly calculated as follows:

t
PA 1
! by d
5() s )\_A(CH_CL_A)_er(m—;)(vL_CL_A) x
A / (e —er=—A)=e" I un—cr—4) 1 d
- Yy
cH=vL y((en — e — A) —y)

A /(CH—CL—A)—eT(tt)(vLCLA) <1 . 1 ) .
= T - Y
cr—cr — A Jey—op y  (ecm—cL—A)—y

A < ((CH—CL—A)—e’"(t_i)(vL—cL—A) v —cp — A ))
- (m

CHg —Cf, — CHg — VL, e’“(t—i)(vL — CJ, — A)

A o (CH — UL)e’"(t_D
CHg —Cf, — A (CH —Cr, — A) — €T(t_§) (’UL —Cr, — A) ’

(2) Letw(t) = In(¢"(t)) + £(t). Then, the differential equation is equivalent to
W' (t) = Be*W W \g (1) & (—e W) = B(—e 51,
This implies that
el — pmwll) 4 Bt _ 60y =

Combining this withg®(t) = e~ =¢®),

q"(t) = — :
q%@ + B(e~t®) — 1)
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