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SPECULATIVE EQUILIBRIA AND
TECHNICAL ANALYSIS*

MATTHEW O. JACKSON

Abstract

The existence of speculative equilibria is reviewed in a simple overlapping genera-
tions, infinite horizon economy. In equilibrium, all agents bid for assets based on increas-
ing functions of non-fundamental, private information. This is a unique best response
to the strategies of the other agents, which implies that speculative information is valuable.
Technical analysis is also demonstrated. Agents chart past prices and change their bid-
ding behavior if they observe two consecutive large upward or donwward price move-
ments. This leads to large bubbles and crashes in the market with small probability.

1. Introduction

They are concerned, not with what an investment is really worth to a man who
buys it “for keeps,” but with what the market will value it at, under the influence
of mass psychology, three months or a year hence. Moreover, this behavior is
not the outcome of a wrong-headed propensity.

John Maynard Keynes, The General Theory (1936)

It has long been recognized that it may be rational to trade based on non-fundamental
information. This idea has more recently been explored in some detail by the sunspots
literature.? A model developed in Jackson and Peck (1991) extends the sunspots literature
by decentralizing the information process. Rather than requiring that all agents observe
the same *“‘sunspot,” agents have their own perceptions of market psychology. Imperfect
correlation among this information leads information to be valuable to individual agents.
For such information structures there exist equilibria which are strict, meaning that each
agent’s unique best response to the actions of the other agents is to bid based on the private
“speculative” information. Thus, information results in positive rents to individual agents.

In equilibrium, prices increase over time, even when agents are risk neutral and there

* This paper was prepared for the Hitotsubashi University International Symposium on Resource Al-
location and Capital Accumulation in Dynamic Economies. I thank the participants for their helpful com-
ments and suggestions. I also benefitted from the comments of participants at seminars at Carnegie Mellon
University, Indiana University, and the University of Western Ontario. I am grateful to Jim Peck for nu-
merous conversations which helped to shape the results presented here.

! An incomplete list includes Shell (1977), Azariadias (1981), Cass and Shell (1983), Peck (1988), Spear
(1989), Peck and Shell (1991).
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is no fundamental value to the asset. This fact sheds some light on the equity premium
puzzle identified in the literature [see, for instance, Mehra and Prescott (1985) and Hansen
and Jaganathan (1991)]. Speculative information is valuable since it helps agents predict
the equilibrium bids of other agents. This value is reflected in an expected return which
is unrelated to the fundamental value. The use of speculative information also raises the
variance of prices above their fundamental variation, which helps shed light on another
puzzle: excess volatility [see Flood and Hodrick (1990) for a recent survey].

The motivation behind this model is to provide a paradigm for the study of the inter-
relation of fundamental information, speculative information, and information extracted
from prices. A number of characteristics are important in order to have a model in which
agents trade based on speculative information, and at the same time are fully rational and
earn economic rents from their speculation.

First, it is important that the economy has overlapping generations and an infinite
time horizon. Together these imply that the initial endowments are Pareto inefficient and
that goods should be transferred across generations. This means that no-trade theorems
[Milgrom and Stockey (1982) and Tirole (1982)] do not apply. Rational trade based on
one’s perceptions of market psychology can take place and result in positive rents, without
the possibility of arbitrage.

Second, it is essential to carefully model price formation in order to understand the role
of information in a market. If one does not model price formation explicitly and instead
relies on a limiting notion such as rational expectations equilibria, then one runs into diffi-
culties such as the paradox identified by Grossman (1976) and Grossman and Stiglitz (1980).
That paradox arises because equilibrium prices reveal information and agents can condition
their demand on those prices. This renders private information useless, since it can be
inferred from prices. This sort of analysis misses out on the value of information, because
information is valuable during the process through which prices are formed, and not in the
limit after they have been formed. [This issue is discussed in detail in Dubey, Geanokoplos,
and Shubik (1987), and Jackson (1991).] This suggests that one must be careful to model
the trading process through which prices are formed. This permits an analysis of the role
of speculative information without reliance on noise traders on other such constructs.?
Here, a Vickrey auction is used to model trade. [See Milgrom (1981) for more on Vickrey
auctions.] The Vickrey auction is a natural choice since it retains the flavor of a competi-
tive model: agents cannot manipulate the price unless they fail to procure an asset, in which
case they have no incentive to change the price.

The first part of the paper reviews results from Jackson and Peck (1991) and Jackson
(1992) on the existence of speculative equilibria. Equilibria exist in which all agents (of
every generation) bid based on their private and non-fundamental information. The equi-

2 De Long, Shleifer, Summers, and Waldmann (1990) and Allen and Postlewaite (1991) examine spec-
ulation in rational expectations settings. The De Long, Shleider, Summers, and Waldmann (1990) article
relies on noise traders who are irrational in that they act based on incorrect probability assessments. The
Allen and Postlewaite (1991) model has fully rational agents, but a breakdown in common knowledge. By
modeling price formation, the results presented here are consistent with full rationality and common knowl-
edge. The point is not that full rationality and common knowledge are realistic assumptions; but instead
that speculation is not something which depends on irrationality or a breakdown in information. This is
consistent with the view expressed by Allen and Postlewaite, only taken further.



1993] SPECULATIVE EQUILIBRIA AND TECHNICAL ANALYSIS 151

libria are strict Nash equilibria. This means that an agent would be worse off not paying
attention to private speculative (non-fundamental) information and that agents will expend
resources developing that information. In some environments, the equilibria are stationary
so that all agents use the same bidding functions.

The second part of the paper provides new results on technical analysis. An equilib-
rium is constructed in which agents bid based on their signals and on the relative movements
of past prices. If two consecutive large upward price movements have occurred in the
past, then agents bid prices up to a new higher level, taking this as good news. If two con-
secutive large downward price movements have occurred in the past, then agents bid prices
down to a new lower level, taking this as bad news. Again, this is a strict equilibrium and
so agents have an incentive to chart past prices. The resulting equilibrium will exhibit
large upward and downward price movements with very small probability.

II. The Economy

Consider the overlapping generations model from Jackson and Peck (1991), which is
described as follows. A new generation of agents is born at each time 7= {0,1,2,3,...}.
Each generation consists of a finite number » of individuals who live for two periods.

There is a single consumption good in the model which agents consume in the second
period of their life. [The model is easily extended to allow for consumption each period,
but with substantial notational complication and little added insight.] Each individual
born at time ¢ is endowed with e, units of the consumption good. Individuals’ have von
Neumann-Morgenstern preferences for consumption, which are represented by an increasing
and concave utility function U,.

There are k (n>k>0) indivisible, infinitely lived assets which pay dividends (of the
consumption good) each period. The dividend paid to the holder of an asset at time ¢ is
denoted d;. Assets are initially held by agents born at time t=0. The first opportunity
for trade occurs at time t=1. Markets are incomplete. The only market which exists is
for the trade of the infinitely lived asset. At each time ¢, agents in the second period of
their life (those born at time #—1) may sell their assets to agents in the first period of their
life (those born at time ¢).

An agent of generation ¢ who does not purchase an asset has final consumption

e(1+r),

where r >0 is a rate of return on stored consumption goods. An agent of generation ¢ who
purchases an asset at time ¢ and sells it at time ¢+ 1 has final consumption.

(ee=p)(1+7)+dis1+Pesr

The timing of the model is as follows. Period ¢ begins with the birth of new agents
and the death of old agents (those born at time t—2). Next, current holders of the infinitely
lived assets receive their dividends 4,. After dividends have been paid, the sale of assets
takes place. The agents of generation t—1 who hold assets can sell them to agents of gen-
eration ¢t. Period ¢ ends with agents of generation 7—1 consuming, and the agents of gen-
eration 7 storing their goods and assets.
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Trade

Assets are sold through a Vickrey auction. Young agents simultaneously submit bids
0<bdi<e,. Each of the k highest bidders obtain one of the k assets. [Ties are broken accord-
ing some fixed rule. The particular rule is unimportant since ties will occur with zero
probability.] The winning bidders pay the same price, which is the value of the k+ 1-th
highest bid. Each of the old agents who held an asset receives the price.

As discussed in Jackson and Peck (1991) [see also Milgrom (1981)], the choice of a
Vickrey auction makes it easy to analyze price formation and the value of speculative in-
formation. This follows from the competitive features of the Vickrey auction. The k&
winning bidders pay a price equal to the k+ 1-th highest bid, and thus the winning bidders
cannot affect the price without losing the asset. The agent who had the k+ 1-th highest
does not purchase an asset and hence has no incentive to manipulate the price.

Information

Individuals of each generation have symmetric information about dividends. They
also see the history of prices up to the present. In addition, each agent i receives a real-valued
private signal s{. These private signals are variables and defined on a common probability
space (Q,F,z). The signals are independent of the information about dividends. Specific
assumptions about the joint distribution of the signals across generations and among a
generation are outlined in (C1)-(C3) below. Roughly, these assumptions imply that signals
are correlated across generations and that higher values of signals today are “good news,”
in the sense that they correspond to higher expectations about signals tomorrow. This
leads to the interpretation of the private signals as representing agents’ private perceptions
or information about market psychology.

The following notation will be useful: s;* denotes the k+ 1-th highest signal at time ¢,
y} denotes the k-th highest signal among the set {s{} j«;, and h.=(s}"_,,...,55,s¢) is the history
of s%s.

III. The Existence of Speculative Equilibria

The following conditions assure the existence of speculative equilibria. Let u(s), |si=
s, yi=y, hy=h) be a version of the conditional probability of s, given agent i of generation
t’s signal, the order statistic of other agents’ signals, and the history of s*, Since this is
only one version of the conditional probability, all statements which follow should be read
as holding almost always, even though this notation is suppressed.

(C1) For all ¢, i and h, p(s} |si=s, yi=y, h.=h) first order stochastic dominates psiqlsi=
3, Yi=J, h.=h) whenever s>3, y>J, and h>h.2 This dominance is strict when s> 5.

This first condition states that signals are correlated across generations and that higher
signals are “good news” about future signals.

3 hZﬁ means that each component of # is at least as large as the corresponding component of i.
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(C2) Forally,i,j,s,yand h
/“(S;‘H'S;-:S’ y;' =Y, h; =h)=#(st*+1lsf=s, Yi=y, h:=h)

This second condition states that agents have comparable information. Although
they may obtain different realizations of signals, they are equivalent in their precision. This
assumption is made for technical convenience. It permits us to concentrate on finding an
equilibrium which is symmetric among agents of a given generation.

(C3) p(yi=slsi=s, h,=h)=0 for all t,i, s and h.

This third condition will assure that the probability of an agent observing exactly the
same signal as the k-th highest of the other agents is zero. This assumption is also made
for technical convenience, since the analysis of an auction is substantially more complicated
when ties occur with positive probability.

(C4) D,=E[XZ,,.4/(1+ry] is well defined for all ¢ and D,,=D,— E,[d,,]. Endow-
ments grow so that either e,., > (1+r)e; or E,jU.(e;+d;1)]= Uile(1+7r)) and e, > e, for all ¢.
And, e,>D,.

This last condition assures that agents can afford to bid the fundamental value of the
assets.
The following Proposition is from Jackson (1992).

PrROPOSITION: THE EXISTENCE OF SPECULATIVE EQUILIBRIA. If (Cl)-(C4) are satisfied and
agents of each generation observe the history of past prices, then there exists an equilibrium
of the infinite horizon economy in which all agents bid according to an increasing (and linear)
Junction of their signals. Furthermore, if the support of an agent’s signal is connected, then
the equilibrium bidding strategy is the unique best reponse to the strategies of the other agents
Sfor almost all signals.

The proposition above establishes the existence of an equilibrium in which all agents
of every generation use their signals in selecting a bidding strategy. The last statement
says that the equilibrium is strict. This has two implications. First, if other agents are
bidding according to their private signals, then an agent’s only choice is to do the same.
Even though this information is unrelated to the fundamental structure of the economy, it
is valuable to the agent since it is useful in predicting competing agents’ bids and the next
period price for the asset. Second, the equilibrium will be immune to refinements of the
Nash equilibrium concept (such as perfect, proper, etc.).

Under additional assumptions which assure that the environment is stationary, there
exist equilibria in which all individuals use the same bidding function. [See Jackson (1992)
for details.] This would seem to make the equilibrium more focal and also allow one gen-
eration to easily teach the next how to bid.

The following example illustrates the method used to prove the existence proposition.?

4 See Jackson (1992) for a proof. This example is similar to an example in Jackson and Peck (1991). An
important difference is that in the equilibrium here, all agents of all generations bid as increasing functions
of their signals. In the Jackson and Peck example, agents only bid an functions of their signals as long as
the price remained in certain bounds.
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EaxwmPLE 1. Risk Neutral Traders and No Dividends.

In this example there are two risk neutral agents in each generation and a single asset
which pays no dividends. r=0 and e,>1 for all t. The signal structure is as follows

|
s{:z{+-§“
1 2
oSl sty
si=zi4 —EL (1)

. . 1 .
where z} are independently and identically distributed with support in (0,;5). Signals

each period are the average of last period’s signals plus an idiosyncratic random term.
Notice that the support of s is a subset of (1/2,1) for every i and #. The particular signal
structure here assures that signals do not grow and that agents can bid straight functions of
the signals. More generally, bids need to be scaled functions of signals to ensure feasibility.
The details of scaling bids to ensure feasibility for general signal structures are given in
Jackson (1992).

Let P, denote the history of prices {p;—s1,....P2.01}. An equilibrium is constructed as
follows.> Consider bids defined by

bl(si.) =Si L)
bu(s,PY=piy+si— Els7 st =y;1=51(PD)],
where$ 5,_,(P;) is the price setting signal inferred from the price

5;-1(P) =Pz—1—Pz—z+E[St*_ﬂszl_z=ytl-2:55-2(Pt-1)]- (2)

Remark that the definitions given above are recursive: s._,(+) depends on s,_,(s). This
structure is well defined taking s,(P2)=p;.

To verify that this is an equilibrium, consider an agent of generation f—1’s expected
utility for purchasing an asset conditional on the values of si_; and yi_,, and given that other
agents follow the above bidding strategy. It is shown below that the bidding function
defined above is the unique maximizer of this expected utility. This implies that it is also
the unique maximizer even if it is not possible to condition on yi=y. [Again see Jackson
(1992) for details.] In order to purchase an asset, agent i would have to bid at least b,_,(y)
and would then have an expected utility of

5 In addition to the scaling of bids to ensure feasibility, the general proof differs from this example in that
with general utility functions, a function of P; substitutes in the place of E[srls}_1= y}_1=s5_ ,(P2)] (which

simplifies in the case of risk neutrality).
¢ In this example, expectations condition only on current signals, since past signals are redundant, given
current signals, in forming expectations concerning future signals.
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E[et_1+s;k—E[st*]stl_lzy}_l=s¢_1(b,_1(y), Pt—l)]|sf_1=sa Yi1=J1

Given that all other agents are bidding according to the prescribed functions, it follows
that s;_,(b:—1(»),P.—;)=y and so the expected utility simplifies to

ey +E[s]|s{_y=s, ¥\ _i=y]— Els;] |s}_1=y}_1=)]
or

s+
eyt 5=y, (3)

It is clear that the agent would prefer to purchase an asset in those situations in which s>y,
and would prefer not to purchase an asset when s<y. Given the other agents bids, the
only way to assure that this happens is to bid according to the prescribed bidding function.

Given the equilibrium structure, bids can be simplified to eliminate dependence on past
prices. [It is straightforward to verify that the simplified bids also form an equilibrium.]
Substituting from (1) and (2),

E[s}|s; 1=y _1=5es(PO=Ecalz] 14 pes = pe—o + Elsi 1|5}y =)} _p=50_o(P-y)].
Solving recursively
E[sfls}_1=yi_1=81-s(P)]=ps_1 + TZLIZ E[z]].
Therefore, for t>2 bids can be rewritten as
bilsh Pees)=si— 5 EL2%)
Notice that this is always between 0 and 1, since 1/2<si<1 and 0< Z¢_,E[z¥]<1/2.

The Price Path and Value of Speculative Information

The price path which results from the above equilibrium is

S} SZ t+1 1

5 =2 E@)=si+ Y EED)
=2 =2

E[Pt+1—Pt]:E[Zt*+1 +

st s? .
e[

The expected price path shows an increase over time, even though agents are risk neutral
and the assets have no fundamental value. There are no arbitrage opportunities since in
order for some agent who does not have an asset to obtain an asset, the agent would have
to bid at least

t
max {s} — Z E(z"),
i =z

and so the price at time ¢ would become
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t
py=max {si} > E(@z5),
=2

and then

) st+s? .
Elpssq— pt]_—_—E[ 5 — max {s;}] <0,
t

and so the agent would lose by attempting to purchase the asset.

The fact that prices are expected to rise over time reflects an equilibrium rent to the
speculative information. The value of the speculative information to an individual can be
determined by comparing an agent’s ex-ante expected utility when the agent observes a
signal and bids, to the utility when the agent does not observe a signal and does not bid.

Based on observing a signal, the agent has a 1/2 probability of obtaining an asset with an
st st
2

expected value of F [ —s:“] and 1/2 probability of not obtaining an asset. Thus the

expected utility is

1 s}+s?
7|

e+ E|—> —s,*]

- 1 [sits
The value of the signalfis thus TE [—2—

means that signals are valuable to an agent.

Notice that the above equilibrium can easily be extended to allow for n>2 and k>1.
[There are many ways to extend the signal structure. The simplest, which requires no
alterations in the bidding strategies, is to have a signal be an idiosyncratic term plus the
average of the k-th and k+ 1-th highest signals from the last period.] In that case, the value
of the signal depends on the expected value of the average of the k-th and k4 1-th highest
signals less the k+ 1-th signal. This value is decreasing as the number of agents increases.
Thus the value of private information is related to the degree of imperfect competition.

—sf]. This value is greater than zero, which

IV. Technical Analysis

In this section, an example is developed in which agents chart past prices in addition
to observing their signals. Each time they observe specific patterns, they anticipate that
the equilibrium will move to a new level.” These anticipations become self-fulfilling. This
results in relatively large changes in the price path, with very small probability.® Again,
the equilibrium is strict and so agents have incentives to chart past prices, just as they have

7 The term technical analysis is used since agents’ bids are functions of past price patterns. The equi-
libria described here can also be thought of as offering some insight into how agents should “program” their
trades to depend on certain prices being hit and that they should coordinate on these prices.

8 For alternative models of ‘“crashes,” see Bulow and Klemperer (1991) and Bikhchandani, Hirshleifer,
Welch (1991), and Hu (1993). “
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incentives to obtain speculative information.

In Jackson and Peck (1991) it was informally argued that agents’ private signals might
be interpreted as coming from the act of charting prices. Here, a different approach is
taken. The act of charting prices is modeled directly, in addition to the act of obtaining
speculative information. The speculative information provides the random price movements
which makes the charting work. Without these random price movements, charting would
be unecessary since the price path could be perfectly predicted.® It should be noted that,
in order to have an incentive for agents to chart prices (as opposed to having agents be in-
different between charting or not), asymmetric information is necessary. In this model
speculative information fills that role. One could also develop a charting equilibrium with
uncertain and asymmetric fundamental information.

EXAMPLE 2. Technical Analysis.

In this example, if agents see two consecutive downward price movements, each of
more than some pre-determined size d, then they adjust their bids downward by some level
K. Similarly, if agents see two consecutive upward price movements, each of more than
some pre-determined size d, then they adjust their bids upward by some level K The
actual bidding functions will turn out to be a bit more complicated, since, for instance, agents
whose actions will lead to a second large price drop should anticipate that the market will
drop as a result of their actions and take this into account when choosing a bid. Thus,
equilibrium bidding functions turn out to be discontinuous at certain points. For simplicity,
assume that agents are risk neutral, assets pay no dividends, n=2, r=0, ¢,=1000 and that
signals are determined by

s§=z{+ 500,

1 2
i st—1+st—l
=2+ ) )

where the zi have an iid distribution so that z; is uniformly distributed on (-1,1). It will
be clear that similar examples can be constructed in the absence of these assumptions.

In the equilibrium the distance of what is considered a large price movement is denoted
d. Since agents bids will be based on their signals, and signals move at most one unit from
generation to generation &is a number close to 1. The amount of the price “jump” or “crash”
in response to two consecutive large upward price movements or two consecutive large
downward price movements is denoted K. The following bidding strategies, as functions
of signals and past prices, form an equilibrium."

Agents at time =1 bid b,(s{)=si. Agents at time > 1 bid according to

® This is related to the work of Brown and Jennings (1990) who show that agents will pay attention to
past price paths since they contain information which is not redundant with agents current information.
Their work concentrates on the revelation of fundamental information, whereas here we concentrate on the
correlation of agents’ actions.

10 Jf three consecutive large price movements (in the same direction) are observed, this is interpreted as
two sets of two movements.

11 To make sure that bids are always between 0 and e;, some adjustments are necessary. A quick way to
do this is simply set bounds inside of 0 and e:. As long as past price lies inside of these bounds agents bid
according to the given functions. If the price ever exceeds the bounds then agents bid that same price for-
ever after. An alternative adjustment would be to scale the bids over time, so that agents always bid as func-
tions of their signals and charts. This second sort of approach is illustrated in Jackson (1992).
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bi(sH=si+fi(Piy) if pey—d<si+fPiyp)<pe,+d (1)
bSD=SiHfiPi) =% i SHfi(P) < pes—dLpes—d (5)
b(sH=si+f(P-)+x if Si+fuPi)=piy+dEp._std (6)

bs))=si +fi(Pe)—x—K if Si+filPio)) < per—d<pig—d (7)
bi(sh=si+flPi_)+x+K if si+fi(P)>=pia+td=pis+d (8)

The function f,(P,_,) is defined to be K times the number of = for which p.>p..,+d=>p._.+d
minus the number of z for which p.<p. —d<p. ,—d. To apply the above definitions
to agents bidding at time =2, set the bids as if po=p,.

The above bids cover different situations. (4) applies if there were no large movements
last period and the agent’s bid will not lead to a large movement. In this situation, agents
do not have to worry about their behavior resulting in a jump or crash next period. (7)
and (8) apply to situations in which the agent knows that his or her bid will result in a second
large price movement and that this will trigger a crash or jump. Thus the bids in (7) and
(8) anticipate the jump or crash and incorporate it. (5) and (6) are intermediate cases
where agents realize that their bids will result in a first large price movement. They then
know that with some small probability that next period a second large movement will occur
and that prices will jump or crash next period. Thus these bids incorporate an amount x
which adjusts for that possibility. [(7) and (8) also incorporate x since it is possible that
prices will see a large price movement yet a third (or mpre) time resulting in another jump
or crash.] The value of x must satisfy certain restrictions in order for the above to form an
equilibrium. Specifically, d+x<1 and

2(x+x?%)
T-d—x F )

Not all d and K will allow for a feasible x and thus for an equilibrium to exist. An example
of values which satisfy (9), is x=.1, d=.89 (so x+d<1) and K=22.

Again, the reason that the construction here is somewhat complicated, is that agents
anticipate the effects charting has on prices. Agents who know that a large price move-
ment has just occurred, also know that if their bids lead to a second large price movement,
then future bids will adjust by K. This means that these agents should adjust by K now,
as they bid. Likewise, agents who know that the present price will result in a large price
movement, have to account for the probability of a second large price movement coming
next.

Let us now verify that the bids defined in (4)~(8) form an equilibrium.

Consider an agent’s expected utility bidding enough to obtain an asset, given that other
agents bid according to (4)—(8), and conditional on knowing the value of y=yi.

If (4) applies to y, then this utility is

ee—y—fuPi_)+ E,[b,+1(s;"+l, Pt)ls;::s, )’; =yl.

In this case b,y, will come from (4), (5), or (6), and f.;,=f;. Thus given the structure of
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signals this expected utility becomes

min[25% +4,1] L sqp\dex pmax[25%-a,-1] s+y dz*
eyt [ T _1]<Z*+—2")T+ [ (= + =525
7 —d,
1 s+ dz*
+f <z*+ Zy x) >
min[y;s +d,1]

This is larger than e, precisely when s>y. [To see this notice that if s=y, then this expres-
sion simplifies to ¢;. Then notice that the expression is increasing in s.] Thus by bidding
according to the suggested bid, the agent will win precisely when s>y, which is the unique
best response.

Suppose that (5) applies to y. To win an asset in this case the agent’s expected utility
of bidding enough to obtain an asset (given that other agents bid according to (4)-(8)) and
conditional on knowing the value of y=yi would be

e.—y—fi(Pi))+ x+ Eufbess (51, Po)lsi=s, yi=yl.

In this case b,4; will come from (4), (6), or (7). The expected utility becomes

min[y;s —x+d,l] s+y dz* max[y;s —-x—d, —1] s+y dz*
oyt s S N
e max[y;s —-x—d,—l] 2 2 -1 2 2
1 s+ dz*
+ f <z*+ - +x> S
min[y;s —x+d,1]

Again, this is larger than e, precisely when s>y. [To see this notice that if s=y, then this
expression simplifies to e, +x—(K+x)(1 —x—d)/2+x(x—d+1)/2, which by (9) simplifies
to e;. Then notice that the expression is increasing in s.J Thus by bidding according to
the suggested bids, the agent will win precisely when s>y, which is the unique best response.

Checking the case where (6) applies is analogous to checking case (5) above, except
with a few change of signs. Then checking the cases where (7) and (8) apply to y, is the
same as checking (5) and (6), given the appropriate adjustments in f,.,.

Price Movement

Since the equilibrium is strict, both speculative information and charting are valuable
to agents. In this equilibrium, as in the previous example, there is a general upward drift
in the price. The exact value of this drift will depend on the number of large price move-
ments which have just occurred, as well as the specific distribution of the signals.

We can also say something about the probability of different price movements. If
no recent price movements have occurred, then the chance of seeing one large upward price
movement is

(1 N max; {si} 2—min¢ {s}} _ d) /2’
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which is larger than the probability of seeing a large downward price movement

_(1 _ ‘max{sj) ;mi“‘ fsi} —d)/ 2.

This means that jumps occur will with greater probability than crashes, which is consistent
with the general upward drift of prices. Another interesting aspect of the equilibrium, is
that the probability of first large price movements is different from subsequent (consecutive)
large price movements. For instance, if a large price increase has just taken place, the chance
of seeing another one next time is

<l+ maxt{sf};mini{sf} —x—d>/2.

This probability is less than that of seeing a first large price movement. This is due to the
fact that agents who cause a first large price increase adjust their bids higher in anticipation
that there might be another, consecutive price movement and hence a jump. This is makes
it less probable that the second large movement will occur. It is also interesting to note
that once a first large price increase (decrease) has occurred, the chance of seeing a first large
price decrease (increase) rises. This happens since agents begin to bid higher (lower) than
their signals, on the small probability of a large upward (downward) swing.

KELLOGG GRADUATE SCHOOL OF MANAGEMENT, NORTHWESTERN UNIVERSITY
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