Available online at www.sciencedirect.com

scmuce@nlnec're ]Oumalvof
Financial
- Selles Intermediation
ELSEVIER Journal of Financial Intermediation 13 (2004) 378-408

www.elsevier.com/locate/ffi

On the limits to speculation in centralized
versus decentralized market regimes

Felipe Zurita

Instituto de Economia, Pontificia Universidad Catélica de Chile, Vicufia Mackenna 4860, Macul 7820436, Chile
Received 23 May 2001
Available online 14 January 2004

Abstract

Speculation creates an adverse selection costtildy traders, who will di0ose not to trade if this
cost exceeds the benefits of using the asset market. However, if they do not participate, the market col-
lapses, since private information alone is not sudfitito create a motive for trade. There is, therefore,
a limit to the number of speculative transactions that a given market can support. This paper com-
pares this limit in decentralizeanonopoly-intermediated and contjppeely-intermediated market
regimes, finding that the second regime is best equipped to deal with speculation: an informed mo-
nopolist can price-discriminate investors and thus always avoid market breakdowns. These regimes
are also compared in terms of welfare and trading volume. The analysis suggests a reason for the
presence of intermediaries in financial markets.
0 2003 Elsevier Inc. All rights reserved.
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1. Introduction

If speculation, or information-based trading, is to be profitable, it must be at the ex-
pense of regular traders or investors (hencefatility traders) Utility traders use asset
markets for purposes unrelated to asset-specific payoff information, usually categorized as
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consumption smoothing, insurance (hedging), and so on. However, these utility traders will
choose not to participate if the adverse selection costs imposed by the actions of informed
speculators exceed the benefits of using the market.

Nevertheless, as is widely known, the market needs utility traders in order to oper-
ate, since private information alone is noffauent to create trade. A market composed
solely of speculators is characterized by a null volume of transactions (no-trade theorem).
It follows that there is a limit to the number of speculative transactions, compared to non-
speculative transactions that a given market can afford. This limit is determined by the
maximum rents that can be extracted from utititgders before they abandon the market.
Since one would expect maximal rent extraction to depend on the organizational form of
the market, the limit on speculative transactions can also be expected to vary with organi-
zational form.

This leads me to the question | confront in this paper: how does the functioning of a
secondary asset market vary across different organizational forms:

(1) a disintermediated, direct search market, where buyers and sellers are randomly
matched,;

(2) anintermediated market, where a monopolistic broker-dealer concentrates all transac-
tions; and

(3) anintermediated market, where a gEbroker-dealers compete for orders?

The cases of informed and uninformed intermediaries are distinguished.

The main goal is to understand how the limit on speculative transactions varies across
these market regimes. An improved understagdif this issue can further illuminate the
link between market viability (robustness) and organizational form. My main finding is
that an informed, monopolistic market maker is better equipped to deal with the adverse
selection created by speculation, as she can keep the market open no matter how strong
adverse selection is. The reason iattbuch an intermediary may offiavorable selection
to her uninformed clients, by rejecting tradbat are favorable to her. Such a strategy has
the advantage of allowing the monopolist to raise transaction fees, to a level that extracts
all informational rents from speculators, thereby neutralizing their destructive effect on the
market.

The idea that adverse selection may lead to a market breakdown is as old as the idea
of adverse selection itsefAkerlof, 1970) Milgrom and Stokey (1982)rought it into the
analysis of information-based trading in fircdad markets, and proved that a market where
itis commonly known that all traders are speculators cannot exist—the so-called “no-trade
theorem.”

Glosten (1989%hows that a monopolistic intermediary can prevent market breakdowns
in situations where a competitive group of intermediaries would not. The mechanism by
which this works is, however, radically different from the one studied here. Glosten shows
that an uninformed intermediary may prefergiogage in a negative expected value trade,
in the hope of recouping the loss in the futuPeospects improve ith trading because the
monopolist learns from trades, reducing the mfiational disadvantage, and consequently
the adverse selection cost, while maintaining the possibility of making profits on liquidity
traders.
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In contrast, in this paper the informed monopolist price discriminates speculators and
utility traders by exploiting his information in the form of favorable selection. This can be
implemented by a strategy that combines brokerage with good advice.

This strategy, however, can only be implemented if the intermediary can build a repu-
tation that renders the promise of good advice credible. This reduces the likelihood of the
same strategy being implemented by a set of competitive intermediaries. Moreover, even
if such a strategy were credible, the forces of competition would not permit it, because a
competitor could always find another profitable strategy in response.

Bhattacharya and Spiegel (19950 consider an informed monopolist who sells to
risk-averse uninformed buyers. Besides the informational motive, the monopolist has a
hedging motive for trading, which prevents prices from being fully revealing. The market
breaks down when the informational motive is too strong compared to the hedging motive.
In contrast to the present setting, the monopolist is assumed to be incapable of credibly
committing to any strategy, much less offering favorable selection.

A related issue, which | do not address, is that of endogenous information production.
One could ask, for instance, what kind of market structures favor research by investors (e.g.
Grossman and Stiglitz, 1980nstead, | treat information as exogenously given.

Besides the possibility of market breakdowns, | also compare these regimes in terms of
trading volume and welfare. Centralizedniets are thought to be better in general because
they produce better matché&arbade, 1982)this is partially reflected in my analysis,
as trading volume is generally higher than e tdecentralized regime. Total welfare is,
consequently, higher in centralized markets, because utility traders have guaranteed access
to trade, provided a breakdown does not occur.

The existence of the adverse selection cost, born by the uninformed when they trade
with the informed, suggests a reason for the existence of intermediaries in financial mar-
kets, unrelated to the incentive problems advancelddtgnd and Pyle (1977)n a decen-
tralized market that suffers significantisom this ‘lemon problem, one would expect to
see a spontaneous move towards intermediation. A broker-dealer who announces a taking-
all-bets policy will attract utility traders and hence concentrate trade. She could also collect
fees, which utility traders will pay to avoid adverse selection and speculators will later pay
to trade at all. The fact that she can colles¢$ from both types of trader implies that her
existence is always viable. Hence, adversea®in is a force favoring intermediation in
financial markets. SeAllen (1990)for an approach to intermediary existence related to
this andBhattacharya and Thakor (1998) a comprehensive review of this literature.

To address these issues, | use a random matching model in which players are paired
to voluntarily bet on the occurrence of two states. Trade is modeled by the simultaneous
acceptance of a bet. By modeling a betting game rather than a game in which players
actually trade an asset, | hope to simplify the analysis, while capturing its essence. The
key observation is that ultimately, any decision to buy or sell an asset involves a bet: the
buyer is betting that the price will not drop the next day; the seller is betting on the opposite.
Regardless of the particular reasons for buying or selling an asset, the decision to do it today
rather than tomorrow is predicated on a particular belief about today’s price compared to
tomorrow’s.

The rest of this paper is organized as folloection 2introduces the modeBec-
tion 3is devoted to the analysis of the decentralized market, v8eietion 4studies the
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market with an intermediargection 5analyzes the possibility of competition among in-
termediariesSection compares the three regimes intex of welfare and trading volume.
Section 7concludes.

2. Themodel: a betting game

There is a continuum of risk-neutral players with common priors, with Lebesgue mea-
sure 1 on the intervdD, 1]. Half are assigned the role of “buyer,” the other half the role of
“seller.” There is nothing to buy or sell: the name of “buyer” or “seller” is purely metaphor-
ical.

When the game starts, every buyer is randomly matched to a seller, and vice versa.
Then, speculators get to see a signat { w1, w2}, while utility traders see nothing.At
this point, everyone is offered a bet: buyers affered the possibility of winning $1 if state
01 occurs or losing $1 ib» occurs. Sellers are offered themplementary bet, that is, the
possibility of losing $1 if stat®; occurs or winning $1 ib> occurs.

In each match, the bet is carried out only whbeth players accept. If any player rejects
the bet, the game ends and both players get a utility of 0. On the other hand, if they both
accept, everybody gets to see the state{ 61,02}, and the payments are made.

Speculators and utility traders differ not only in the information they obtain, but also
in their preferences. In particular, utility traders enjoy gambling, getting a utility level of
x > 0 just for betting, on top of any expected gain from the bet. This is a way of reflecting
any non-informational motive for trading, such as liquidity needs, consumption smoothing,
and the like. Itimplies that a utility trader would be willing to accept even actuarially unfair
bets to participate in the market, just as a liquidity-shocked person is willing to incur up to
a certain loss to sell quickly. Speculators, in contrast, participate only if they expect to win.

The modeling choice of a unique rather than one for each utility trader is not
consequence-free: it simplifies computations, but excludes some interesting features of
standard comparisons of competitive andrmapolistic markets. This issue will be dis-
cussed irSection 6

Thus, if a; € {Accept the bet, Reject the bet: {1,0} is player i's decision, while
a—_; € {1, 0} his opponent’s decision, the ex post payoff to each playef0, 1] is given by

x+1 ifaa_; =1, 6 =01 andi is a Utility Trader,

x—1 ifaa_; =1, 6 =0andiis a Utility Trader,
ui(aj,a_ij|10)=41 if aja_; =1, 6 =01 andi is a Speculator, (1)

-1 if aja_; =1, 6 = 62 andi is a Speculator,

0 for any type of player ifi;a_; = 0.

1 Note that we could have defined four types, instead of two. We omitted the informed individuals who enjoy
gambling and the uninformed individuals who do not gnjambling. This exclusion was deliberately made for
simplicity. Besides, it comes at no cost, as these types would play no role, given that they would behave the same
as the two remaining types.
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Table 1
Prior beliefs over payoff-relevant and informa-
tional events

w1 w?
01 (1+g)/4 1-g)/4
02 1-g)/4 1+g)/4

The bet is ex ante actuarially fair. That is, the prior probabilitypis 0.5. It is further
assumed that each signal; andwy, is equally likely. Thus, the joint prior probability
over(w,0) is parametrized as shown Table 1

From the table we can obtain speculators’ beliefs upon receiving each signal:

B ltg/4 1 B
Pr6Ll 00 = o s (=g = 21 8 =Pz w2, (2a)
1-— 4 1
P60y | wg) = =28/ —Z(1—g) = P16z | ). (2b)

1-9)/4+1+g)/4 2

Note that a speculator cannot learn anything from the behavior of her opponent, since she
knows at least as much as he does. This is not true in the case of a utility trader, so in
general it will be necessary to also know equilibrium strategies to compute his beliefs.

If (1+g)/4>1/4,orequivalently, iff > 0 asitis assumed, the messagg}indicates
that stated; is the most likely (and hence is an invitation to buy), and souis}{for 6.
Consequently, a buyer who receives the signawould think of the bet as actuarially
favorable to him, and unfavorable in the casevef

Note that parametey is the expected gain for a buyer, conditional on receiving a sig-
nal w1 (the symmetry imposed on the joint distribution @$,6) implies thatg is also
the expected gain of a seller conditional on receiving a signalsince P | w2) =
Pr(01 | w1)). Therefore,

g =D Prb1]w1) + (=D Prb2 | w1) = (1) P62 | w2) + (=1) P61 | w2). 3)

Let z denote the measure of utility traub in the total populatioffable 2presents the mass
of each trader type in the population.

Throughout we will assume that< g; otherwise, the utility from gambling would be
so high compared to the expected monetary gain/loss that a utility trader would not care
about the possibility of entering an actudlsiaunfair gamble. In reality, although this is
certainly not reflected in the static model of this paper, one is inclined to believe that no
matter how willing the buyer is to pay for an asset, he would postpone the transaction if he

Table 2
The distribution of types

Buyer Seller TOTAL
Speculator 1-2)/2 (1-127)/2 (1-2)
Utility trader z/2 z/2 z

TOTAL 1/2 1/2




F. Zurita / Journal of Financial Intermediation 13 (2004) 378-408 383

Table 3
Expected utilities of accepting the bet
Message Role Expected utility
{w1} Buyer g Pr(opponent accepjs
{w1} Seller —g Pr(opponent accepts
{w>} Buyer —g Pr(opponent accepts
{w7} Seller g Pr(opponent accepts
{w1,w} Buyer {(x + g)/2 Propponent accepts i)

+ (x — g)/2Pr(opponent accepts ify) |

{w1,02} Seller {(x — g)/2Pr(opponent accepts i)
+ (x + g)/2 Propponent accepts i) }

thinks itis very likely that the price will be significantly lower the next day. The assumption
of x being smaller thag, then, could be considered as a metaphor for the rational timing
of the transaction decision.

It follows that a speculatdan possession of good news will always accept, while one in
possession of bad news never will: there is nothing else that this person could learn, either
by direct observation or by inferring from other people’s behavior, that would make him
change his mind.He simply knows whether the gamble is fair or unfair to him.

Thus, the problem is in the hds of utility tracers. Their non-participation would lead
to no trade, in which case the market would break down. However, they will participate
(that is, they will accept the bet when offered) as long as the expected monetary loss due
to the participation of speculators does not outweigh the utility from gambtingable 3
reports the expected utilitie$ each type, conditional on theehavior of the opponents.

We can verify inTable 3that, for a speculator, the expected utility from trading is
either proportional tg or to —g, so that the decision is unambiguous, as claimed earlier.
However, this is not true in the case of a utility trader; | analyze her decision in the next
section.

3. Decentralized equilibrium

Consider the case of a utility trader in the role of buyer. There are two possibilities:
either she is matched to another (uninformed) utility trader, in which case she faces a fair
gamble that is worth accepting, because she gets, she is matched to a speculator, who
would in turn accept the bet only if the oddswinning are against the buyer. Hence, her
expected utility can be decomposed as:

1 1
zx+(1—z)<§(x+g)(0)+E(x—g)(1)>. 4)

The first term corresponds toelprobability of being matad to a utility trader, a case in
which she faces a zero-expected value gamble andxgéitke second term corresponds

2 Thisis a consequence of assuming that there is one signal common to all, rather than one for each individual.
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Table 4

Optimal decisions

Speculators @1} { wo}

Buyer Accept Reject

Seller Reject Accept

Utility traders {w1, w2}

Buyer Accept if (5) is met, reject otherwise
Seller Accept if (5) is met, reject otherwise

to the probability of being matched to a speculator, in which case she knows that the trade
favorable to her (which would mean a utility ¢f + g) to her) would be rejected, while
the unfavorable tradexX — g) < 0 to her), would be accepted with probability 1.

As she cannot a priori distinguish between a utility trader and a speculator, she would
accept the bet if she thinks that it is likely enough that she is in the first situation and not
in the second one. Rearranging tertdg, (4)is non-negative if:

1 1
E(x—g)—l—i(x—i-g)z)O, (5a)
1-z
& > , 5b
X8 (5b)
s 87 (5¢)
g+x

The analysis for the seller's acceptance deciss identical. The optimal decision for each
type of trader is summarized ifable 4

Equation (5)is in fact a necessary condition for the existence of the market, for if it is
not met, utility traders do not participate. In fact, it is easy to see that in a game between
two speculators there can be tmade, because in the case of trade the payoff to the buyer
is the negative of the seller’'s (&able 3shows), while not accepting the bet leads to a zero
payoff. Put another way, the game between two speculators is a zero-sum game, where all
equilibria involve no trade.

From the point of view of a utility trader, the probability of facing an unfair gamble is
determined by the proportion of speculators in the populatibr, z). Depending on how
valuable information is, a different level of utility (gains from trade) will be required in
order to support trade for a gimeomposition of the populatiomhe more valuable infor-
mation is—the biggeg is—the higher the adverse selection problem to the uninformed,
and hence the higher the value of trading the asset must be so that she still wants to trade.
This can be seen i&q. (5b) Alternatively,Eq. (5¢)shows that for a fixed value of, to
maintain trade while increasing will require a reduction in the proportion of informed
traders(1 — z).

In other words, the cost of the adverse selection problem to a utility trader is determined
together by, the individual information rent, and — z), the probability of being matched
to a speculator, totaling(1 — z)/2. This cost must be smaller than the utility she gets by
gambling,x, with probability (1 + z)/2.
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It is interesting to note that there is a trade-off between the maximum proportion of
speculators in the economy and the predictive power of their information. For instance,
if the information service is not very accuragejs small, and the maximum number of
speculators can be very large with respect to the number of utility traders. That is, a very
small proportion of the transactions needs to be non-speculative. This appears to be the
case in the foreign exchange market, characterized by a huge volume of trade that appears
many times larger than needed as a means dfange, and traders who make a relatively
small profit on each transaction.

Another way to look at conditio(ba)is thatx andz determine the size of the pie, which
in the limiting population composition is comgikly exhausted by speculators, whergas
is the size of the individual portions, i.e., the per-speculator rent. How many of them we
can get is a matter of dividingz by g.

As a summarySection 3already proved that:

Theorem 1. The decentralized market exists if and only i g(1—z)/(1+ z). Other-
wise, there are no transactions.

4. Oneintermediary

Notice that in the decentralized equilibrium, utility traders lose to speculators; the only
reason they still trade is the probability of being matched to play a fair gamble, which
would allow them to gain the utility from gambling, and offset the risk of losing to the
better-informed playerdmagine now that one play@mnnounces that she will accept all
bets, from anyone, no matter what. That senglayer is telling the uninformed that she
will solve their adverse-selection problem, so they will prefer to trade with her and even be
willing to pay a transaction fee, rather than trading in the anonymous decentralized market.
However, if all the uninformed prefer to trade with her, then the decentralized economy is
left only with speculators, making the market disappear as per the no-trade theorem. Thus,
she will centralize all trading, since utility traders prefer to trade with her, while speculators
are forced to trade with her when they lose the decentralized market.

This section assumes the existence of a monopolistic intermediary, and asks about the
maximum speculative activity that a marketeonfigured can afford. It analyzes two cases:
the case of an informed intermediary who abaffer adverse or favorable selection to her
clients, and the case of an uninformed intermediary who is constrained to use the same
policy regardless of the realized state of nature.

4.1. Informed monopoly

An informed monopolistic itermediary may accept or reject a bet from any single
player who communicates his intention of trading with her. As bettors are anonymous,
except for their roles, this variable takes the form of a probability of accepting a bet from
each of them, possibly depending on whether she faces a buyer or a seller, and on the
message received. A second choice variable is the transaction fee.
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Earlier it was mentioned that the transaction fee is the only way the intermediary has
to collect profits. The reason is that if she tries to profit from her private information by
awarding higher probabilities of acceptance in the cases in which the public is at a dis-
advantage, she is reintroducing the advessiection problem thetility traders are trying
to avoid. To attract them, she must offeittee conditions than the decentralized market.

In profiting from private information, she collects monewly from utility traders, while
by charging a transaction fee she is also able to extract money from speculators, thereby
increasing total revenue.

Let y/ be the proportion of bets accepted from relplayers ¢ = b if buyer,r = s if
seller) after receiving a signal, and letc denote the transaction fee. The problem for this
monopolistic intermediary is to maximize the following objective:

cf (Yo + Dy + Yor + 2 o +& Doy _ Yo + Vo Yon
2 2 2 2 2 2 2 2 2 2 '
(6)

Expected profit therefore consists of thensaction fee that is collected from all buyers
and just utility traders among sellers if the informatiorwig or from all sellers and just
utility traders among buyers, if2; plus, the expected payoff formed by the gap between
buyers and sellers on eachall weighted by the probability of a buyer or seller accepting,
in each state.

In maximizing this objective, the monopolistéonstrained by the participation of utility
traders and speculators, that is,

1 1
St g =0y + 50— g —Ayg, >0, (72)
1 1

E(X—g—C)yZ)lJrE(erg—C)y;z >0, (7b)
c<g. (7c)

Equation (7akstablishes that a buyer utility trader will be willing to trade when the mo-
nopolist would accept with probabilitg;/fj)1 in statews, and with probabilityyi’)2 in statews.
Equation (7b)s the corresponding onerfa seller utility traderEquation (7¢)s the partici-
pation condition for speculators: a speculator only wants to trade when there is an expected
gaing, and will trade if the transaction fee does not completely consume this gain.

These participation constraints can be rewritten as

b b

Yoy, ~ Yo Y, = Yan

c<x+g < 5 | c<x+g e and c<g. (8)
Yo, T Ve, Yo T Vo,

We can further simplify the problem by exploiting the symmetry between speculators on
each side, as well as utility traders on each side et y5 =ys andy; =y5 =y’ ,
where subscripts and f stand for unfavorable and favolelirades for the intermediary.
Thus, the optimization problem of the intermediary can be rewritten as

1
max —=iy,(c—g)+yrz(c+g)
omax, 3hue =g +yszet o)
Yu—Yf

subjectto ¢ <x + g(
Yutyr

) and c<g. 9
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It can readily be seen that the monopolist’s problem is to balance two forces: on the one
hand, she would prefer to avoid the adverse selection @ostg) by avoiding all un-
favorable bets and accepting all favorable inen the other, doing this minimizes the
transaction fee that can be charged and jeopardizes the participation of utility traders.

Observe that to set, = yr = 1, that s, to accept all bets, yields positive profits as long
asx > g(1—z)/(1+ z), which is precisely the condition for the decentralized market to
exist. Therefore, if the condition for the existence of a decentralized market is met, the
condition for the existence of an intermediated market is also met.

Moreover, even when the above condition is not satisfied, it is possible for the in-
termediated market to exist. We can verify that whes- ¢(1—2z)/(1+ z), we have
AET /3y sly,=y;=1 <0 anddEm /dyuly,=y,=1 > 0, meaning that there is a better strat-
egy than accepting all bets in this case. Therefthe optimal strategy involves positive
profits even in cases in which< g(1 —2)/(1+ z).

It turns out that:

Theorem 2. The optimal policy of the informed monopolistic intermediary is given by
(Lx/(g—x),g) ifx <281,

Ousypr€) = i 1 2 doz
1,1,x) ifx >2g77%.

Proof. In Appendix A O

The optimal policy distinguishes between two cases.iff large enough, then the pol-
icy of accepting all bets is optial. By eliminating the adveesselection problem for the
uninformed, their willingness to payreunts to the value of gambling, which is entirely
extracted from them in the form of the transaction fee. The cost to the intermediary of such
a policy is trading unfavorably with the informed. However, the trading fee ameliorates
this problem: each transten with an informed party has an expected losggf x).

Observe that ifc > 2g(1—z)/(1+ z), then it must be the case> g(1 —z)/(1+z),
which is the cutoff point above which this strategy generates positive profits. This strategy
then generates positive profits for smaller values: of/et is not optimal. Indeed, it is
dominated by the strategy of accepting afifavorable bets wite accepting a fraction
x/(2g — x) of favorable bets. This means that the intermediary offaverable,rather
thanadverseselection to the uninformed traders. The reason this favors the intermediary
is that by doing so she can charge even higher transaction fees, thereby appropriating the
surplus(g — x) that the previous strategy left to speculators. In fact, under the previous
strategy the transaction fee could not be higher thaor such a fee would exclude utility
traders from the market. The present strategy uses favorable selection to increase the utility
traders’ willingness to pay, and thereby péran increase in transaction fees up to the
point at which speculators are left withoutarglus. All that is given to utility traders in
the form of favorable selection is taken baaktransaction fees, so that there is no cost to
the monopolist. All the extra surplus taken from speculators is an increase in profits. The
cost of this strategy, however, is the lower volume of transactions involved in rejecting a
fraction of bets, which may overcome the appropriation of speculators’ suigptus) if x
is large enough.
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It is interesting to consider what such a strategy would look like in practice. Think
of a broker-dealer who advises her customers on which assets to buy. When she recom-
mends that a client buys asset A and not asset B, truly believing that asset A is undervalued
and asset B correctly priced, she is in effect selling favorable selection, improving the ex-
pected value of the transaction to her client. Observe that the optimal polidyeafrem 2
considers a mix of true and false (or neutral) recommendations that partially disguise the
intermediary’s information. The only intention of the policy is to increase the client’s will-
ingness to pay up to a point where speculators have no surplus, but no more than that. It is
in the monopolist’s self-interest to give out some good tips, occasionally, if that increases
her client’s willingness to pay for her secés, because that way she can charge higher fees
to speculators too.

In the game of this paper, the equilibrium strategies are known to all. The question
arises, however, as to how such a strategy becomes known in practice, and moreover,
how the monopolist can commit to its use. This may appear especially troubling when
one realizes that from the point of view of an individual utility trader, the intermediary
plays a mixed strategy. The answer is connected to the notion of reputation. Even though
the present model is static, the equilibriumotion can be justified on the grounds of in-
tertemporal considerations on the part of the intermediary. If she were for instance to
“announce” that she will take all bets, and instead takes only those that are favorable to
her, her credibility would be lost, and no utility trader would ever trade with her again. If
she is patient enough, accepting unfavorable bets would be judged as a good investment
in her future credibility. In financial markets, reasoning of this sort seems to be pervasive:
a broker-dealer’s reputation is essential to stay in business. Successful securities exchanges
apparently noticed this early on, putting in practice strict regulations that would ensure in-
vestor confidence.

Under the strategy dfheorem 2the monopolist can keep the market open regardless of
the severity of the adverse selection peshl The ability of monopolistic markets to avoid
breakdowns, even under large speculative activity, is certainly not a new 1@sten
(1989) for instance, arrives at a similar conclusion, but for a quite different reason. In
Glosten’s analysis, the monopolist may find it worthwhile to make a negative expected
gain trade, because there isfzance that the loss can be recouped later on, in future posi-
tive expected gain trades. In effect, Glostenfermationally-disaslantaged market-maker
learns some of the information by trading, thereby reducing the informational disadvantage
with respect to speculators, while allowing him to make profits on liquidity traders. In this
sense, trading today at an expected loss is an investment that may pay off in the form of
future trades at a profit. No meshism of this nature can drive the result here, since the
present model is static and the monopolist is informed. Moreover, as the next subsection
will show, since the uninformed intermediary does not have the ability of offering favor-
able selection, she cannot avoid market breakdowns when the adverse-selection problem
is too severe.

The ability to keep the market open is not the only difference between these two
regimes. There is also a difference in the total number of transactions, and consequently
in welfare. These issues are analyze®ettion 6 Before moving into that, however, we
consider the cases of an uninformed morlgband competitive intermediaries.
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4.2. Uninformed monopolistic intermediary

The uninformed monopolist differs from tleformed one in that she cannot condition
her behavior on any informational event. Hence, her problem is:

LA, %{yu(c —g) +yrzlc+ 9}
Yu—Yf
Yu+Yr
Replacing the constraints in the objective leads to the one-variable problem

subjectto ¢ <x + g( ) c<g and y,=yy. (20)

1
max = ((x —g) +z(x + &) u (11)
yu€l0,1] 2

with the straightforward solution
1 ifx> gi—;ﬁ,
0 otherwise,
from which it follows that:

Yu=Yf= { (12)

Theorem 3. The market intermediated by an uninformed monopolist is open if and only if
the disintermediated market is also open.

Proof. The condition for trade ifEq. (12)is the same as conditigbb). O

Even though these two regimes do not differ in their ability to avoid market breakdowns,
they are not equivalent from a welfare pegsfive. The centralized market produces more
trade. The discussion of this issue takes placgdntion 6

5. Perfectly competitiveintermediaries

This section considers the case of a market organized around a set of intermediaries,
j=1,2,...,n,wheren > 2. The main thrustis to find out whether such a market will differ
from the monopolistic one in the ability to sustain trade under strong adverse selection.
A secondary objective is to understand the differences in the distribution of rents between
these arrangements. As in the previous section, | distinguish between the cases of informed
and uninformed intermediaries.

5.1. Informed intermediaries

The triplet (yi, y4,¢/) is referred to as the contract offered by intermediary.et J
be the index set for intermediaries, enlarged so as to include an auxiliary intermediary,
call it j =0, who “offers” the contrac(yf,’, y?-,co) =(0,0,0. Its inclusion is a devise for
guaranteeing that traders’ participation constraints are always satisfied.
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A utility trader will trade with the intermediary who offers the highest expected utility,
that is, with

1 ; 1 .
argmaxUut = 5 (x — )y} + yu5 (x +g) — ¢’ (13)
jeJ 2 ’ 2
Similarly, a speculator will trade with the intermediary who offers the maximum payoff
argmaxis = y; = (g — ¢’). 14
gjej S .VMZ(g c ) (14)

If all intermediaries were to offer the same contract, both utility traders and speculators
would be indifferent about trading with any of them. It is assumed that in this case, the
market is split proportionally among intermediaries, yielding an expected profit of
; 1
wl =S Oule =g +yralc+9) (15)

for each of them, where thesuperscripts are dropped without risk of confusion.

Observe that intermediaries and traders of either type have opposite preferences with
respect to the contract terms:

AU AU o/
T oo, ZE_o9 .o (162)
dyy ayy dyy
AU AU o/
UT ~ o, S>o, T o (16b)
dVu Yu 9Yu
AU AU o/
UT o, Z5_.0, ZZ .o (16¢)
dc dc dc

This means that offers that attract traders dase the intermediaries’ per-trade expected
profits.

On the other hand, utility traders and speculators have different preferences, which im-
plies that some contracts may attract one group and not the other. If one intermediary offers
a contract that attracts speculators and not utility traders, he will lose for sure, and this con-
figuration will not survive in equilibrium. If he offers a contract that only attracts utility
traders, then other intermediaries who were making profits will start to experience losses,
for they would be left only with speculators. For this reason, equilibrium contracts must be
attractive to utility traders.

If competition occurs in contract terms, then a competitive equilibrium requires that
no contract can simultaneously yield higher expected profits to a deviant intermediary and
higher utility to utility traders. This implies that a competitive equilibrium contract satisfies
the following program:

1 1
max —(x—g)yr+yu=(x+g) —c
Qg2 ST IuGETE
. 11
subject to ;E(Yu(c_g)‘f')’fZ(C"i‘g)):o' (17)

It maximizes the expected utility of utility traders, among those contracts that yield zero
profits to the intermediaries.
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The zero-profit constraintimplies the following relationship between the transaction fee
and the probabilities of acceptance:

Yu—YfZ
c= 18Tz iFyut+ 23y #0, (18)
0 otherwise,
provided that ming,, y r} > 0. Replacing it in the objective yields
1 _ X 1 _ o duTYfZ . .
max .V — (= @yy Hyuz(x+) —gi 5y i min{y,ys} >0, (19)
(ury £)€10,112 0 if yu=yr=0.

Lemma 4. The following contract maximizes the utility traders’ utility among all pool-
ing contracts—those that attract utility traders and speculators—that yield zero expected
profits to intermediaries

(11118%) If.x}g%_;_iy

Yu,yf,0) = { (0,0,0 otherwise

Proof. In Appendix A O

TheLemma 4contract maximizes utility traders’ expected utility and yields zero profits
to intermediaries. Hence, it is the only contract that we could expect to see in a pooling
competitive equilibrium, that is an equilibrium in which utility traders and speculators
participate. Note that this contract makes no use of the intermediaries’ information.

We cannot refer to it as an equilibrium contrget, because we needverify that there
are no separating contracts—contracts that would only attract utility traders—that yield
positive profits to a deviant intermediary.

It turns out, however, that those separatigttacts exist and, therefore, there is no
Nash equilibrium in the present game, in which the choice variablegyarg, /). To
see this, imagine that all intermediaries are offering ¢thel,g(1— z)/(1+ z)) contract
and one deviates. She wishes to attract utility traders and not speculators. Observe that
by charging a higher transaction fee than her competitors, she will repel speculators (this
can be seen iiq. (13). Attracting utility traders, however, requires that she decrease the
proportion of favorable transtion that she accepts, according to:

1 1
dUut = E(x — g)dyy +dyu§(x T8 —0dc=0

=2 4. (20)

1
& dcéi(x—g)dyf & dys<

The new profits are higher (that is, positive) under the new comygcy}, ) if

1
~(ynz(c’ = @) + ¥z + ) =0

2
, ,8—c g—c—dc
> dys > —-—
N P € Y+ g+c+de
de 1-— de(1
o dysz—2—T% o gy pst9rddiy 21)

g+c+de 2g+dc(1+z)
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Observe that now appears in both terms, not just acgmanying the favorable-bet accep-
tance rate; this is a result of the fact that the strategy selects only utility traders.
Therefore, any increase in fees by, say>d0, together with some favorable selection
in the range of
c+dc - de

22— <dyr<-2
g+c+de s g—x

(where the last step takes an arbitrarily small increase in fees) will produce profits to the
deviant intermediary.

One may be tempted to think that such a deviation will naturally occur. However, the
situation that it creates is highly unstablethé deviant intermediary proceeds along these
lines, all her competitors will experience losses, as they would now be trading exclusively
with speculators. They will be forced to revise the contracts they offer, catching up with
the deviator, and possibly surpassing her. Because there is no Nash equilibrium, if these
reactions start, they may not end.

A more plausible outcome is the one selected by the notion of a reactive equilibrium,
proposed byRiley (1979) In a reactive equilibrium, each intermediary would refrain from
deviating as proposed, because she antiefpttiat the reaction ofen competitors will
finally leave her in a worse position (negative profits) than in the current position (zero
profits).

Hence, we can state that:

= —(1-2)<dys<0 (22)

Theorem 5. TheLemma4 contract is a competitivéreactive equilibrium contract.

Thus, a market organized around a set of pelfeompetitive internediaries is just as
bad as the decentralized market with regard to its ability to keep the market open under
strong adverse selection. The reason for this is that perfect competition forces expected
profits to zero:

11 Yu—YfZ )
=S (ulc—g) +yrzlc+9))=0 = C:{gy““y.fz It yu +2ys #0,

n2 0 otherwise
While the monopolist can set a transaction fee that excludes speculators altégether
the same cannot be done by competitive intermésiaThe reason is that it would require,
if only pooling contracts were possible in equilibrium, that

(23)

Yu = Vf2

c=g———>g & yr<0, (24)
Yut Y52
which is not feasible. Or, if separating contracts were possible, it would require that
c= gu >g & yr<O (25)
YutYf

This is to say that the zero profit condition, characteristic of perfectly competitive markets,
ensures the participation of speculators. The monopolist, on the other hand, can offer fa-
vorable selection while at the same time extract the utility trader’s surplus, in such a way
as to allow a difference betweep andy r that does not force her intgy < 0.
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5.2. Uninformed intermediaries

Even though the previous section assumed inégtiaries were informed, in equilibrium
they make no use of their information. The reason is that they could not expect to profit
from speculators and using their information against utility traders would decrease their
willingness to pay, lowering fees collected frothteaders. Howeveran intermediary who
attempts to offer favorable selection may be driven out of business by another who collects
a lower fee:
11 Yu—Yf >

“Zuc—g) +ysc+8))=0 = c= >
(Vu(c— &) +yr(c+ ) Soutyr 28

=5 (26)

yet

czg & yr<0

In view of this, it is clear that the equilibrium behavior of a set of uninformed, perfectly
competitive intermediaries would not differ from the set of informed intermediaries.

6. Discussion
This section compares the three regimeslyared earlier in terms of welfare and trade.
6.1. Welfare

Considering the partial-equilibrium nature of the model, the proper welfare criterion is
total (expected) surplus, as defined by:

T = / E[ui]di + Y E[n;] (27a)
iel jeJ
=zE[uutl+ 1 —2)Elus] + nE[n]. (27b)

Since all agents have a reservation utility of zero, their expected utilities coincide with
their surpluses€quation (27bjadds up these surpluses, considering that the mass of utility
traders is, the mass of speculators($ — z), and that there are intermediaries making
non-negligible transactions.

The total surplus in each regime and itstdbution among agents is summarized in
the following tablesTable 5considers the situation in which all three regimes can sustain
trade, whileTable 6considers the case where only the monopolistic intermediary is able to
keep the market open.

When the market is open under all three regimes, it is necessary to distinguish between
two cases:

(1) the one where the monopoly would accept all bets:2¢(1— z)/(1+ z); and
(2) the one in which it would offer favorable selectionx 2g(1 —z)/(1+ z).
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Table 5
Expected utility for each type of agent (assuming g(1—z)/(1+ z))
Decentralized Monopoly Competition
x>28(1-2)/(1+2) x<2¢(1-2)/(1+2)

Speculator zg/2 (g—x)/2 0 zg/(1+2)
Utility trader (x(14z) — g(1—12))/2 0 0 (x1+2)—gl—-2))/2
Intermediary - (x(l+2)—g(l—2)/2  xgz/(2g—x) 0
TOTAL x(1+2)/2 x 72xg/(2g — x) 7x

Table 6

Expected utility for each type of agent (assuming g(1—z)/(1+z))

Decentralized Monopoly Competition
under(1,x/(2g — x),g)

Speculator 0 0 0

Utility trader 0 0 0

Intermediary - xgz/(2g — x) 0

TOTAL 0 72xg/(2g — x) 0

In case (1), total surplus is the same ungh@nopoly and under perfect competition, the
only difference being how much the intermediary is able to obtain from traders. Moreover,
total surplus is the same as would be obtained without adverse selection! In other words,
in this case private information has a purely redistributive effect, with no consequences for
efficiency.

The standard comparison of competitamed monopolistic markets concludes that the
latter are inferior from a welfare perspectibecause in pursuit of his goal of appropriating
more surplus, the monopolist reduces transactions to a socially undesirable level. This does
not happen in this model, because it assumetastic demand and supply; not only does
each trader want to trade a unit amount, babahe populations of each type are homoge-
neous. Given inelastic demand and supply curves, the only difference in standard analysis
between a monopolistic intermediary and no intermediary would be in the distribution of
rents, for there is no role for inefficienciesated by unfinished marginal transactions. Of
course, allowing for heterogeneity efamong individuals would re-introduce the standard
consideration here. This section would then need to re-state the result as follows: “If the
inefficiency created by the exclusion of marginal traders does not outweigh the efficiency
gains from improving the tradg technology with respect to the decentralized market, then
[the conclusions above].”

In case (2), in contrast, the monopolistic market underperforms the competitive one,
because the policy of offering favable selection results in ater volume of transactions.

In fact, while accepting all bets yields the highpsssible total surplus, that policy involves
sharing surplus with speculators, which the monopolist finds suboptimal when that surplus
is small. In the process of price discriminating, some volume is lost.

In general, the decentralized market yieldewér total welfare than a centralized one,
because some positive surplus transactioasat carried out, in péicular those matches
in which an uninformed utility trader is matched with an informed speculator, with news
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adverse to his position. The exception to this rule is the case in whighot so high as to
induce the monopolist to accept all trades, and not so small as to produce a breakdown in
the decentralized regimg(1 — z)/(1+z) < x < 2g(1—z)/(1+ z). Inthis situation there

are some parameter valuesq [—3/4 + +/17/4,~/2 — 1]) under which the decentralized
regime produces more transactions and hence more welfare.

In the case ofTable § in contrast, the value from gambling is so small <
g(1—1z2)/(1+ 7)) that only the monopolist is able to avoid a market breakdown, and
consequently, total welfare is higher undeistregime than under any other regime. The
monopolist, by offering favorable selection, is able to perfectly discriminate among both
types of traders, fully appropriating the total surplus.

6.2. Trading volume

If the value from trading is too low relative to speculative gains, a market breakdown
may occur under a decentralized regime amdler a centralized, perfectly-competitive
regime as wellTheorems 2 and)5The conditions for avoiding a market breakdown under
each regime are summarizedTiable 7

Conditional on meeting theses conditions, the total volume of trade is obtained from

1
VZE/EMNi (28)
iel
wherey; is an indicator variable that takes the value 1 if individu&dades at each state,
and 0 otherwise. The factor/2 ensures that a purchase and a sale do not count as two
transactions. Observe that this equation does not consider trading by intermediaries either,
and hence volume in the intermediated regimes is directly comparable to that of the disin-
termediated regimeg&quation (28)an thus be written as

1
V:Ekﬂmﬂ+ﬂ—@ﬂ@} (29)

In the decentralized economy, on the othendhautility traders accept in all events, but
nevertheless are not always able to trade. Speculators, on the other hand, accept half the
time, and a fractiorn of those opportunities are able to trade. Hence, volume is given by

1/1/z2 z 1/z Z 1 1
V=33t 5) 35t 5) a0 (5) ) - 5 )

Observe that this is exactly the volume of trade that would obtain without private informa-
tion, where only utility traders and all utility traders would trade. However, welfare is lower
in the present situation, because some tatisns are made for a smaller surplus, and only
private gains, as opposed to social gains, are derived from the existence of speculators.

Table 7
Avoiding market breakdown conditions

Decentralized Monopolistic Competitive
Condition x5 1z x>0 x s 1z

g8~ 1tz 8§~ 1+z
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Table 8
Expected volume of trade (assuming- g(1—z)/(1+ z))
Decentralized Monopoly Competition
x> Zgﬁ x < Zgﬁ
Volume 1z 11+ = 11+

In centralized regimes in which all intermediaries accept all bets, be they competitive
or monopolistic, the volume of trade is augmented to

1 1)\ 1
V§<z+(1—z)<§))z(1+z)- (31)

Given that the maximum possible volunteat would obtain if all were to accept under
every circumstance, is/2, this means that a fractiofd + z)/2 of the possible bets ac-
tually takes place. The presence of spatars therefore increases volume dy— z)/4.
Hence, a fractionil — z)/(1 + z) of transactions is “speculative” and a fractiary 2L + z)
is “fundamental.”

In the case of the monopoly that offers favorable selection, total volume is given by

B YOE S S WRE AN T R
V3G rms ) ra-a(3)) - R, (32)

which is smaller than in the previous case besaaffering favorald selection requires
rejecting some bets.
Table 8summarizes these results.

7. Further remarks

The opening paragraph 8kction 4suggests a mechanism by which secondary markets
become intermediated. There are two cali@spects in that reasoning. The first is the
credibility of the promise of taking all bets, whi@ection 4.1has already discussed. The
second is that to be viable such a move must generate profits for the intermediary. In the
present model, such an opportunity is guarantee@hasrem 3hows.

This paper assumes, however, that intermediation is a costless activity, apart from the
adverse selection cost imposed by speculators. Obviously this is unrealistic, and it may
well happen that in a given market the adverse selection effect is smaller than the real costs
of brokerage, rendering intermediation infeasible.

However, determining whether intermediation is likely or even viable is still a larger task
that calls for considering other benefits (possibly of a commercial, as opposed to a finan-
cial, nature) associated with brokerage. Thesent model is only suitable for evaluating
the narrow situation in which a secondary market is threatened by the adverse selection
effect created by the presence of speculators. In such a situation, intermediation is not only
viable but also likely, becaus# the cascading effect a (credible) intermediary may have
on attracting utility traders.
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Appendix A
A.1l. Proof ofTheorem 2

The informed monopolist solves:

1

max > (yu(c —g) +yrz(c + ) (A.1a)
Yu,Yf,€ 2

st c:x+g(7y“_yf), (A.1b)

Yu + yf
<8 A.1c)
§ (
O<yu,yr<Ll (A.1d)

The first constraint ensures that utility traders are driven to their reservation utility. The
second is the participation constraint for speculators, which can be rewritten as

c<g & x+gt M e o yrzazt (A.2)
)’u-i-)’f 2g—x
Hence, the problem becomes
1 Yu—Yf > < Yu—Vf >)
max—{yulx+g ——g ) tyrz\x+g —+g
YusYf 2( u( Yutyr / Yutyr
Sty zasot—, 0<yuys<L (A.3)
Set up the Lagrangean:
1 Yu—Vf Yu—Vf
max £ ==y <x+g ——g|)+yrz|lx+g —+g
Yury g 2( ! Yut Yy f YutYyr
Y
+)\<yf—x2gix)+7/u(1—yu)+yf(l—yf). (A.4)

The Kuhn—Tucker conditions are:

0L LYEX+2yuypx +y5(x —22(1—2) o
= - — AX
Yy 2 u +yf)2 Zg_x

_Vugoa
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oL
wcesy,— =0, (A.5a)
dVu
9L  1(x —28(1—2)yZ +2yuyszx + yfax
— = > +1—yr<0,
dyr 2 u+yp) '
oL
wesy r— =0, (A.5b)
! ayr
oL Yu oL
—_— = — 2 0, WCS)\,_ == 0, A'SC
o T og —x o (A.5¢)
oL oL
=A-y,) =0, WCSy,, =0, (A.5d)
OVu Vu
oL oL
—=0-yy) 20, wesy— =0. (A.5e)
s ! Toyy

The different cases are illustratedrig. A.L
In case A, the monopolist takes all bets. In cases C, D and E speculators are driven to
their participation constraints. When this constraint holds, the objective becomes

1 Yu Yu — XYu/(2g — x)
rr;‘?x(ﬁxZg—xZ(x+g<yu+qu/(2g—x)) +g>)’ (A6)

Sinced/dy, = xzg/(2g — x) > 0, cases D and E are ruled out. Similarlyyif = 0, the
objective becomes

1
rr;;o\xé(yfz(x)). (A.7)

Since it is strictly increasing in ¢, cases E and F are ruled out. Case G is a local optimum;
however, it is dominated by C (see below).
Now, y s = 1 implies

1 wu—1 yu—1
=y, — , A.8
a4 o(57) ) el (1) +4)) )

A
Yr
_\G l{_\ A
1 @ © @)
B C) ¥y 2y, 5 X
: 3
£ Y

Fig. A.1. The feasible set.
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Table A.1
Possible cases

Cases

N

yu<lxy, /g —x)<yp=1
Yyu < Lxyu/(2g — x) <Yf =1
O<yu,yp<1

To be analyzed
Ruled out
To be analyzed

vf A
Ay =1=yr>xy/(2g —x) + + 0 To be analyzed
B: yu=Lxy/(2g—x)<ys<1 + 0 0 To be analyzed
Cooyu=Llyr=xy/g—x)<1 + 0 + To be analyzed
D: yu<lypr=xy/(2g—x)<1 0 0 + Ruled out
Ef yu<lyr=xyw/(2g—x) <1 0 0 + Ruled out
Fioyu <Lxyu/(2g —x) <yp <1 0 0 0 Ruled out
G: 0 + 0
H: 0 + 0
I: 0 0 0

d _}xy,f+2xyu+x—2g+2zg
Iy 2 O +1)?

= (yu+1—,/7(1_Z)2g><yu+1+ 72g(1_2’)>>0
X X
PEN yu< /M_l
X

However, in this case the second-order condition (SOC) is not satisfied:

92 1—¢
—=20— > 0. A.9
02 Four1d (A.9)

Hence, H is also ruled out (if anything, it would be a local minimuii@ble A.1llists all
possible cases.

All CaseAy,=1=yr>x/(28—x), A=0,c=x
The first-order conditions (FOC) become:

3£  Llx+2x+(x—2g(1-2)

= =0
oy 2 22 .
1 1 1
= V=X Zg(l -220 & x> Eg(l— 2), (A.10)
of 1(zx —2g(1—12)) + 2zx +zx
=~ _Z 5 —yr=0
dyr 2 (2
1 1 1 1 1-2
- = - > 2 0 > -~ ]
= Vr 2zx 4g+ 4gz S X 2g s
oL 1
1 >0 & «x<g. (A.11)

Fr _x2g—x
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Evaluating the objective, we can determine where profits are positive:

1 1 1
£=E((x—g)+Z(x+g))zé(l—i—z)x—ig(l—z)}O

1-z
817

& x> (A.12)

A12. CaseBy,=1,xy,/(2g —x)<yr<1
In this case, we are assumipg> 0, A = 0= y,. From the FOC,

9L 1(@x—28(1—2)+2yrzx + yjzczx 0
dyy 2 (1+y5)2 B

2¢(1— 2g(1—
x zx(nyrl—,/ig( Z))(yf‘+1+ 7g( Z))O
X X
20(1— 1 1- 1-
= yf=—1+,/¥6[0,1] & xe|:§g ZZ,Zg ZZ} (A.13)

However, this point does not satisfy the SOC, which comes from the problem:

1 1—yys ) < 1-yy ))
maxLt =[x+ —g )+ X+ + ,
e 2(( S1ay, 8) Tural\v e te

9L lzx —2g+2zg+21xyf+y%zx

ay; 2 1+ yp)? ’

82£7 11—z

92 o >0, (A.14)
8yJ2c 1+ )’f)3

so that the above candidate is a local minimum. What we actually have/igy ; > 0 for
v =2 —142g(1—2)/(zx), andd £/dy; < O otherwise.

Al13. CaseCy,=1,yr=x/(28—x)<1l,c=¢g
Under the maintained assumptions, the first two FOC’s become:

0L 1x+22/2g—x)+ (/g —x)*(x—2g1—2)  x

yu 2 (1+x/(2g —x))? Zg—x_yuzo’
E7}(Zx—Zg(l—Z))+2XZX/(28—X)+(x/(28—x))22xJr)»io
dyr 2 (1+x/(2g —x))2 -

Solving for the Lagrangean multipliers, we obtain

1 X
)L:__(_szg+xzz—4g2+4gx—x2+4gzZ)y Yu=28
4g 28 —x

Z.
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The assumptiony, > 0 is satisfied automaticallyc(< g = x < 2g). On the other hand,
A =0 occurs if

A—l_z [(2-z 4z — 32 B 2—Z+ 4z — 372 >0
Tag P\ Va—o2 )8\ T\t Ty a2 )8 )7

. 2— 47 — 372 2— 47 — 372
if xgg( < < Z) or x}g( Z+ < < )

11—z (1—2)?

A.1.4. Case G
The FOC become:
£ 1(x—2¢(1—72) oL 1 zx
=5 <0, =25 —yr=0,

oyu 2 (12 dyr  2(D)?

which imply

1 zx oL oL
—-_>0, -—==1-0>0, =(1-0)>0,

VI =202 IR g e~ 170
a.L
— =@1-1=0.
yr

Evaluating the objective function, we have:

1 -1 1
£ == — = —xz.
G 2<z<x+go+l+g>) 2xz
A.1.5. Casel
From the FOC, we have:

0L 1 Yax 4 2yuy px + y5(x — 28(1—2)) 5
Iyu 2 (u +y7)? o
0L  1(x—2g(L— )i+ 2yuypzx +yfax 0
day; 2 (u+y7)? '

These equations only admit the solutiopn= 0= y,, which violates the assumption.

A.1.6. Optimal policy
Profits from the admissible policies are thus given by:
—Z

1 1 , 1
£j;:E((x—g)+z(x+g))=§(x—g+zx+gz) [20 Ifx>gl—+z},

1 X X
£* = — = y
c 2<2g_xz(g+g)) 89g —x°
1
LG =2xz
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It is important to realize that policies C and G always generate profits. That is, the monop-
olist always has the chance to profitably keep the market open. However, since

£ —£5 >0 forallx >0,

G is never used.
Hence, the optimal policy is obtained from the comparisod Hfand £

1-z
1+z

Ly —£:-20 & x>2g
Therefore, the optimal policy is

(Lx/(2g—x),9) if x <2g17%,
D= i' (A.15)

(1,1,x) ifx >2gq17:,

as stated.
A.2. Proof ofLemma 4
The program to solve in the case of informed competitors is:

1 1
max —(x —g)yr+yvu=(x+g)—c
) 2 8)yr )’uz g

. 11
subject to - E(y” (c—8) +yrzlc+g)=0. (A.16)

This assumes participation by speculators, which is guaranteed as lorg@as
The constraint can be written as

Yu—YfZ H
. { 8%utyrz T Yutzys #0, (A.17)
0 otherwise
Participation by speculators can thus be rewritten as
R T R T (A.18)
Yut Y52

Therefore, participation by speculators is argeed, and requires no special constraint in
the program.
Replacinge into the objective yields:

1 X l _ Yu—Yf2 . .
max v | 2E T8y tya+ o) - gy it mindyy, v} >0,
(yu.y£)€l0,12 0 if yy=yr=0.
(A.19)
If we treat it as an unconstrained problem, we obtain the following candidate:
4gz(g—x)
(r—g(1+2)/(1-2))%(1-2)?

o) — 4gz(g+x)

Oy = | Goara/aoza 2 |- (A.20)

g(g—x—xz—g2)

g—x+xz+gz
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Table A.2

The boundaries

G, yf) ¢ Vu,yf)
1,9 gl-2)/(1+2) x—g(l-2/(1+2)
0,1 —g x/24g/2>0
1,0 g x/2—g/2<0
(0,0 0 0

This candidate satisfies the FOC, but does not satisfy the SOC:

82 ZZ

— () =—4gy,————— <0, (A.21a)
dy? “Outyro)

” (V=4 : 0 (A.21b)
—()=4gyf————— >0. .

ay2 / (u +yr2)3

The pointis a saddle.

Observe that this is the only candidate from the FOC. Hence, the global maximum must
be attained at the boundary @, 1]2. If we check the vertices, we get the boundaries as in
Table A.2

Observe also that> 0 < g(v, — yr2)/(Vu + yr2) 2 0<% y, > yrz. This means that
in [0, 1J2 there is a set of contracts for which< 0.

The associated Lagrangean is:

1 1 Yu —Yfz
(yu,Tfi(,y) V= E(x —8yf+ yui(x +g)— giyu n y;z
+AL—=yp)+ry@A—=yu). (A.22)
The Kuhn—Tucker conditions are:
v 11

(X924 20yuy 2+ xy52° + gy2 + 28yuy sz + 8¥52°

dyu T2 Ou + )’fZ)z
—4gyrz—2y(n —yr2)?) <0, (A.23a)
ovo1 1

Wf = —Em(—xyf — 2xyuysz — xyjzczz +8ye + 2gyuyrz + gy;ZZ
u

— 4gzy, + 20(yu + y2)?) <0, (A.23b)
Vv
— =1—y,>0, A.23c
i Yf ( )
Vv
- = 1_ Yu 2 0, (A.23d)
ay
with complementary slackness:

aVv aVv aVv aVv
Yu =0, vf— =0, A—=0 and y—=0. (A.23e)

OVu ©dy oA ay

The following cases angted are depicted iRig. A.2.
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Fig. A.2. The feasible set.

A21 Ay, =0yr=1Ly=0, 420
Under these assumption, the FOC become:
oV 1xz2—i-gz2 —4gz
Iy 2 72
oV 1 —xz? + gz° + 2172 _0
dyy 2 22 ’
which imply, respectively,
4—z

x<g ,
Z

<O:

A==-x—2g.
2" 728
However,
A=>20 & x2>g,
which violates the assumption made throughout the papery thag.

A22. By, =0yr<l y=0;1=0
Under these assumption, the FOC become:

2.2 2.2
oV 1xyszt+gyszc—4gyrz 4—
_ f 20 o yg ot E

- B S¥4
dyu 2 (yr2)? yz
oV 1y teyi 11 o
—_— = =X — = = U.
dyr 2 (yf2)? 2" 728

The latter condition is impossiblender the maintained assumptionwk g.

A23.Cy,=0; yr=0;, y=0; =0
The objective becomes

1 1
maxV = E(x —8)yf +yu§(x +8) +A1—=yp)+y L=y

(A.24)

(A.25)

(A.26)

(A.27)

(A.28)

(A.29)

(A.30)
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and the associated FOC are:

v 1
3y = E(x +g) <0, (A.31)
ov 1
a = E(x -g) <0, (A.32)

the first one of which is clearly impossible. Observe that= 0.

A24.D0<y, <1 yp=0, y=0;, A=0
Under these assumption, the FOC become:

av 1xy3+gy3 1 1

LA R AR SN Y (A.33)
dyu 2 (.Vu)z 2 2
BV _ Loty — At 2on g (A.34)
dyy 2 (.Vu)z o

the first of which is clearly impossible.

A25 Ey, =1 yr=0, >0, A=0
Under these assumption, the FOC become:
V. 1x+g-—2y
Wyu 2 (12
v 1—x+g—4gz
dyp 2 (D2
However, the objective evaluated at this point takes on a negative value:

1
=0 = y=50+8), (A.35)

<0 = r<gl-4). (A.36)

1 1 1
VEzé(x+g)—g:§x—§g<O, (A.37)

so it is dominated by C, so this cannot be the global maximum.

A26.Fy, =1 0<yr<1, y20, =0
Under these assumption, the FOC become:
v 1 1

T = Em(x +2xyfz+xy§-z2+g+2gyfz+gy%zz—4gyfz—2y
u p

—dyyrz— 21/)’]2012) =0 (A39)
1% +2xysrz+xy52®+ ¢ — 2gy 2+ gy52°
Lol “ i < (A.39)
2 A+yr2)
OV 1—x —2xypz—xy52 g + 20y 7+ 83520 — Agz —0 (A.40)
dyy 2 (L+yra)? n |

from which we get two possibilities. The first one is out of the feasible set:

-0 +2Vgzlg— ) _

0. A.41
z2(g —x) ( )

Y=
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The second one is notif > g(1 — 4z):

B <—(g —x)+2/gz(g —x))
V= > 0.
z(g —x)

(A.42)
Evaluating,

yotoxrxio2veng— ) et
=3 >

0

z
2427—-1-27/2z -1
- (1—z)2<x+gz +2z 2 z )
1-2)
2 _ —
X<x—|—gZ +27—1+42z4/22 1)20
(1—12)2

(A.43)
Evaluating, we obtain:

v lg+3gz—x+xz 5 g—x
F=75 - .
2 z z8(g —x)
A27. Gy, =1 yr,=1y>20 1>0
Under these assumption, the FOC become:

(A.44)

Vv 7}x+2xz+xzz+g+2gz+gzz—4gz—2V—4VZ—2)’ZZ -0
v 2 (1+z)?
1x +2xz+xz%+ g — 29z + g2
= = >0
Y=3 (1+2)2
(1-2)2
- 7<x1
$ 1422

(A.45)
OV l-x—2uz—xit gt 2get g —Agr+ 2+ Mt
dyy 2 (1+2)2
)L_}x—l—sz-i-xzz—g—i—Zgz—gzz -
2 (1+2)? -
(1—12)?
X228 —0- A.46
W+ (A.46)
Therefore, this is a local maximum if
(1—12)?
X 28>, A.47
g(1+z)2 ( )
in which case

Vfl( )+1(+) .
G=50x—g+z+e—g

i N
1+z

. A.48
1+¢ ( )

Observe that, given thate (0, 1),
1-22 1-
G-z 1-z (A.49a)
1+2)2 1+z
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(1—z)2 1-z
g(1+z)2 =811
)c—g(l_z)2 >x—g1_z.

(1+2)? 1+z

A28 HO<y, <1l yr=1 y=0; 120
Under these assumption, the FOC become:

OV Lxy2 4 2xvyuz+ X224 gy2 + 28yuz + 87 —4gz
yu 2 u +2)?

o1 1
dyf 2 (yu + Z)2

Oa

+Ahyuz+212%) =0

from where we obtain:

1
—— (2874 2xz+4y/(xgz + g%2)) <0,

C2x +2)
Yu = 1
x+gtﬂz—“+2 gz(x +8)),
o LayE+ 2xyuz + x2? — gyt + 2gyuz — 82

2 (yu +2)?
respectively. Note that

4-— 4
w20 & ZZ(X—i—g)(x—g Z><O & x<g <
and that
A=>0
1-724+2/22—=2)
N (1—Z)2<x—22+ ot eval Z)g>
1-2)
< 2z+1—z2—2,/z(2—z))
X\x—g > <0,
1-2)
21+1—z2—2«/z(2—z)<x< 2 +1-22+2/722-2)
8 (1_Z)2 SEASYES (1—Z)2 .
In this case,
c=—(gz+xz—gz(x+g)) &

Vgz(x +g)

and the value of the objective function becomes:

x+4g

Vgz(x +¢)

1
Vg =2gz +§(x—3g—gz—xz).

407

(A.49b)

(A.49¢)

(—xyZ — 2xyuz — x2% + gy2 + 2gyuz + g2° — 4gzyu + 2097

(A.50)

(A.51)

(A.52)

(A.53)

(A.54)

(A.55)

(A.56)
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A.2.9. Global maximum
We are left with three possibilities:

VF:}g+3gz—x+xz_2 g—x

g : (A.57)
2 z Vzg(g —x)
1-z

Ve =x— , A.58
G=X—g (A.58)

x +4g 1
Vu =282——=—=+ -(x — 3g — gz — x2). (A.59)

Jezlx+g) 2

Now, observe thaVy < Vi:
}g—x+3gz+xz_2 §—% . ._ 1-z
2 z g«/zg(g—x)\ 81+
2
2 8
& —olx—(z*-2z4+1)—>—) <O, A.60
x g)< S )1+2z+Z2) (A.60)
which is always true by assumption.

On the other hand/g > Vy if

1- z)2>2
1+ 4<x+ — =) >0 A.61
(1+2) ey, (A.61)

which, again, is always true.
Therefore, the unique maximum is attained by the stratégy,¢(1—z)/(1+ z)), that
yields a positive profit as long as

11—z
1+z
If this condition is not met, the best contraci@s 0, 0, as stated.

x=>g (A.62)
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