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Non-Fundamental Speculation 

VICENTE MADRIGAL* 

ABSTRACT 

We study an intertemporal asset market where insiders coexist with "non-fundamen- 
tal" speculators. Non-fundamental speculators possess no private information on 
fundamental values of assets, but have superior knowledge about some aspect of the 
market environment. We show that the entry of these (rational) speculators can lead 
to reductions in market liquidity and in the information content of prices, even in an 
efficient market. Also, equilibrium trades display patterns of empirical interest. For 
example, speculators appear to chase trends and lose money after market "overre- 
actions," while insiders trade as contrarians and profit after such overreactions. 

ARE INSIDERS WITH PRIVATE fundamental information the only investors who can 
profitably trade? If not, what will be the effect of "non-insider" speculators on 
asset prices and market liquidity? 

In this article, we study a market in which insiders coexist with traders who 
do not have information on fundamental values, but who possess superior 
knowledge of the market trading process or environment. Such knowledge 
allows these traders to estimate fundamental information from public data 
more accurately than the market at large. 

As an example, firms who possess brokerage services may have more de- 
tailed information than the public on the components of order flows.' These 
components could partly reveal the motives behind different trades. Another 
example is that some investors may have better knowledge of insiders' trading 
strategies, because of information concerning some parameter on which this 
strategy depends, such as trading costs or private values. 

Our point is that this form of speculation is different in important ways from 
speculation based on inside fundamental information. In particular, the entry 
of non-fundamental speculators in certain instances actually reduces liquidity 
and the information content of prices, even if all speculators are risk neutral, 
rational, and trading profitably. This phenomenon is, of course, contrary to the 
traditional view. According to this view, speculation can only be profitable if 

* New York University and Hoover Institution. I would like to thank Yakov Amihud, Darrell 
Duffie, Jennie France, Charlie Kahn, Hedi Kallal, Jose Scheinkman, Michael Woodford, and 
seminar participants at New York University, Chicago, and Northwestern for helpful comments. 
I would especially like to thank a referee and the editor, Rene Stulz, whose comments substan- 
tially improved the style and content of the paper. 

1 Another application might be dual trading. See, for example, the Wall Street Journal, Feb- 
ruary 7, 1992 article. For analyses of dual trading see Grossman (1989), Sarkar (1993), and 
the references therein. "Front-running" in, for example, currencies markets is another relevant 
example. 
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one buys an undervalued asset or sells an overvalued one (e.g., Friedman 
(1953)). Price therefore should be expected to move in the right direction, and 
price movements convey the "correct" information. This conclusion is essen- 
tially sound (with some caveats, such as those in Hart and Kreps (1986)), if one 
only considers trading based on the fundamental value of an asset. What this 
argument ignores are the externalities that one type of speculation might 
impose on another. 

We consider a two period market, along the lines of Kyle (1985), in which the 
insider trades in the first and second periods, and the non-fundamental spec- 
ulator trades only in the last period. Noise traders trade every period. The 
speculator, prior to trading, observes the realization of one component of first 
period noise trades. This observation allows the speculator to make better- 
than-market inferences about the asset's value from past prices. This advan- 
tage enables him to profitably trade. 

The speculator2 profits because he can free ride on the insider's trades -note 
that if the insider doesn't trade, then the speculator's observation is worthless. 
As a result, the insider modifies his first period trade to convey less informa- 
tion. Price efficiency is therefore lower before the speculator enters the market. 
Another externality imposed by the speculator is that the information from his 
trades also allows the market to make better inferences about the insider's 
private information. Thus, the effect of the speculator's entry in the second 
period is to reduce market liquidity and increase price volatility. This exter- 
nality also implies that, although the joint trades of the insider and the 
speculator cause more inside information to be incorporated into price in the 
second period, this occurs at the expense of insider profits. Thus, there is less 
incentive to gather information. The overall informativeness of price may 
actually fall. 

Specifically, we show that the insider's first period trade can be decomposed 
into two parts. The first component exploits the difference between the insid- 
er's private signal and price, and depends on the intertemporal structure of 
market liquidity. This first component, however, does not directly account for 
the influence (through prices) of the insider's trade on the speculator's beliefs. 
The second component is positively related to the gap between the speculator's 
(expected) belief and the insider's information. Thus, this component is de- 
signed to increase future profits by moving the speculator's belief away from 
the asset's true value. 

In the absence of a speculator, the second component will be zero. The effect 
of the speculator's presence is to increase the (absolute) magnitudes of both 
components of the insider's trade, relative to the case with no speculator. The 
first component increases because of the anticipated fall in second period 
liquidity. However, we show that as long as the precision of the speculator's 
estimate is not too high, the manipulative component will dominate the first 
component. Insider trading in the first period is therefore lower than the 

2 From now on, we will use the term "speculator" to exclusively mean a non-fundamental 
speculator. 
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monopoly level. As a result, liquidity is higher, but price efficiency is decreased 
in the period(s) prior to the speculator's entry. 

In the second period, the speculator forms an estimate of the insider's 
information based on his noise trading observation and past prices. The second 
period trading decisions of the insider and the speculator resemble "Cournot" 
models of competition. Thus, the insider continues to trade less than he would 
as a monopolist, but the aggregate informed trade is larger in the sense that 
the induced price movement is on average larger. As a result, second period 
market liquidity is lower and price volatility is higher than in the absence of a 
speculator. Because of the greater aggregate informed trading, price efficiency 
given a fixed amount of inside information increases. However, insider profits 
are lower than in a market with no speculator. Thus, the incentive to acquire 
information also falls, which generally leads to an overall decline in the 
information content of price. 

Certain empirically interesting trading patterns can arise with non-funda- 
mental speculation. First, speculators' trades are positively correlated with the 
previous period's price changes. Thus, speculators appear to be chasing trends. 
Second, the speculator and insider will frequently trade in opposite directions. 
In addition, if the noise trading component that is unobserved by the specu- 
lator is sufficiently large and of the same sign as the insider's first period trade, 
then the insider will reverse his trade between the first and second periods. In 
this case, first period price "overreacts," and the insider will profit from his 
contrarian trade, while the speculator loses by chasing trends. 

The possibility that profit-maximizing investors might trade in opposite 
directions has been previously noted by Hirshleifer, Subrahmanyam, and 
Titman (1994), in a model in which investors receive inside information at 
different times. In their model, informed investors reverse trades to reduce 
risk associated with future price movements. We extend this result by showing 
that reversal can occur even with risk-neutral traders, if some traders base 
their decisions only on order flow and price movements. In this case, the 
trading asymmetry means that one group of traders loses money on average. 

We also examine how equilibrium variables change with the quality of the 
speculator's observation. We show that the volume of the insider's first period 
trade is nonmonotonic in the quality of the observation. This produces a 
corresponding nonmonotonicity in market liquidity and efficiency. Initially, as 
the precision of the insider's estimate improves, the intensity of the manipu- 
lative part of the insider's trade dominates the first ("information trading") 
component. Thus, the volume of insider trades falls, liquidity rises, and effi- 
ciency falls in the first period, as the quality of the observation increases. 
Beyond a particular threshold of quality, however, second period liquidity 
becomes low enough that the benefits of increased trade in the first period 
outweigh the gains from manipulation. When this happens the insider trades 
more in the first period than he does as a monopolist. First period efficiency 
then rises, but liquidity falls and price volatility increases. However, insider 
profits also fall with the quality of the speculator's observation. Thus, infor- 
mation acquisition is even further diminished. 
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The remainder of the article is organized as follows. The model is presented 
*in the next section, and market equilibrium is defined. Equilibrium prices and 
trading strategies with and without non-fundamental speculation are then 
derived in Section I. Comparative static results concerning the quality of the 
speculator's observations are studied as well. Section II introduces endogenous 
information acquisition to the model. Section III studies the trading patterns 
of the model, and relates our results to recent research on herding and 
manipulation in financial markets. Sections IV and V discuss extensions of the 
basic model, Section VI concludes. 

I. Order Flow Based Speculation 

We consider a two period market for a risky asset along the lines of Kyle 
(1985). The risky asset has a liquidation value given by a random variable v - 

N(po, E). The market is populated by four types of agents: an insider, a 
(non-fundamental) speculator, a market-maker, and noise traders. The insider 
trades in periods 1 and 2, while the non-fundamental speculator trades only in 
period 2. Noise traders trade every period. The insider knows the realization v 
of v. Noise traders trade a net aggregate quantity Qt + Jvt in each period t = 

1,2. For all t, Ut and Cvt are each independent and normally distributed, u? - 
N(O, or2), Wt - N(O, o-2 ). Prior to trading in period 2, the non-fundamental 
speculator observes the first period order flow of noise trades cLv (but not a1). 
At the end of each period, after observing the total order flow cto for that period, 
the market-maker sets a price at which the orders are transacted. 

Price in period t, Pt, is required to satisfy the zero-profit (or efficiency) 
condition. 

pt = E(P IMt) (1) 

where Mt is the market-maker's information set, Mt = {co,: s ' t}. As in Kyle's 
(1985) discrete time model, the market-maker sets price depending on the 
order flow; other traders know the previous period's price and the price rule (1), 
but do not choose orders conditional on the current (end-of-period) price. The 
insider's information sets It are I, = {v} and I2 = {v, w1, p 1}, while the 
speculator's (period 2) information set is U = {wl, p }. 

Note that we assume the insider also observes wl. This is not a strong 
assumption in our context, because the insider does not trade after the spec- 
ulator. There is no information, other than Pi, which depends on wl. In 
particular, the insider does not condition trades on any observation that is 
affected by the speculator's trade. Let m denote the speculator's estimate of v. 
To study the case in which the insider does not observe wl, we only need to 
substitute E(m IP1, v) = E(m I u1 + w1) for m in the insider's second period 
objective function. Since ul and w1 are not choice variables, the method of 
analysis does not change. Our general results also do not change. (The only 
quantitative change is that, at the margin, the insider trades more in the first 
period, and less in the second period.) 
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The information {w 1} on the first period order flow allows the speculator to 
form an estimate m of v, based on the price observation Pi, which is superior 
to the market-maker's: 

m=E(v I wl, p1) = po + f(P-E(p1 wI) ) (2) 

where f3 is the "regression coefficient" on the price variable. Note that m f P1, 
since Pi represents the market-maker's estimate of v prior to the speculator's 
trade. The speculator can then profit on the difference m - Pi, because the 
noise trades in period 2, U2 + W2, will keep the order flow from revealing 
the speculator's information. Thus, the speculator has an incentive to enter the 
market. 

The response of the insider to the speculator's presence is as follows. In the 
next section, we show that the insider's first period trade can be written in 
the form 

a1(v - po) + b 1(E(m II) - v), 

where E(m 'II) is the estimate of the speculator's belief based on the insider's 
first period information. The insider therefore not only trades on the difference 
between his information v and the beginning of period market estimate p 0, but 
also modifies his trade according to the anticipated divergence of the specula- 
tor's belief from the true value v. We show that bI > 0. Thus, if the insider 
expects the speculator to overestimate the asset's value, he increases his trade 
in an attempt to keep the speculator's belief away from v. This strategy has 
implications for the behavior of market prices. 

We now turn to the construction of equilibrium. 

A. Construction and Analysis of Equilibrium 

The insider wishes to choose xl to maximize total expected profits 

E((v -pj(1o))xj + E( -P2(0)1, wt)2))X2 v) (3) 

given that x2 is the trade that maximizes second period profits 

E((v - P2(01, (w2))X2 V, PI), (4) 

where w, = xI + w1 + ul, and 02 = X2 + y + w2 + u2. 
In the second period, the speculator chooses the trade y to maximize 

E ((v - P 2((01, (02))Y I W 1, P 1) (5) 

In addition, prices in equilibrium must satisfy 

P1= E(VI x+ w1 + ul) (6) 

P2 = E(v I x2 + y + w2 + u2) . (7) 
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We can then show that there exists a (unique) linear equilibrium. 

PROPOSITION 1: There exists an equilibrium in which trading strategies and 
prices are of the form: 

xi = al(v po) + bl(E(m I v) - v) (8) 

X2 = a2(v - Pi) - (1/2)A(m - Pl) (9) 

y =A(m- pl) ( 0) 

where m = E(v |U), the speculator's belief conditional on U = {w1, p 1}. Prices 
follow 

Pt =Pt-i + At(ot t = 1 2 (1 1) 

The coefficients a,, b1, a2, A, A1, A2, and the conditional variances 

E1 = var I PO1) (12) 

S2 = var(v lP1, P2) (13) 

are defined explicitly in Appendix A. 

Proof: See Appendix 

The variances (12) and (13) measure how much of the insider's information 
is conveyed by price. (12) and (13), as well as the coefficients of (8)-(11), will of 
course generally depend on the quality of the speculator's information, which 
is defined by the parameter k = (o- 2 /CJ2) . Table I gives the values of (8)-(13) for 
different levels of k. However, before further discussing the interpretation of 
this equilibrium, let us first consider the incentives of the speculator to actively 
trade in the market, and the effect of this activity on insider profits. 

COROLLARY 1: Let v denote the (unconditional) expected profit to the speculator. 
Let wit denote the (unconditional) expected profit to the insider in period t, and 
let vi = ir + Tr. Analogous to nr, let ri- denote the (monopoly) profit to an 
insider in the absence of a speculator. Then, ri` > irZ and 

'7,s = 2/9 a2E((v - 
p)2 - (m - v)2) > 0 

Explicit e-xpressions for ir1, n-2, and e are derived in the Appendix. 

Proof: See Appendix. 

Thus, the speculator expects to profit from trading, and therefore has an 
incentive to enter the market. Also, the speculator's presence decreases the 
gain from having inside information. This last fact, although expected, should 
not be completely obvious, since the speculator's activity might change price 
behavior (i.e., liquidity) in such a way that noise trading losses increase in the 
second period, which would generate additional surplus for the profit-maxi- 
mizing traders. 
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Table I 

Equilibrium Values and the Quality of the Speculator's Information 
This table provides the values of equilibrium variables for different levels of the quality of the 
speculator's observations k = o' /lo'. a,, b1 are the coefficients giving the intensities of the first 
and second components of the insider's first period trading strategy, while a2 gives the intensity 
of the insider's second period trade. At measures (the inverse of) market liquidity in period t. A 
gives the intensity of the speculator's trade. It denotes the variance of the asset's value conditional 
on price observations up to period t. 7T', 7rS denote the insider's and speculator's unconditional 
expected profits. The superscript N denotes the corresponding variables for the model with no 
speculator. a2, A, At, 7T, and 7TS are normalized to remove the effects of the increase in total noise 
trading variance. This normalization isolates the effects of the improvement in the precision of the 
speculator's estimate. The normalization also facilitates the comparison with the case of no 
speculator. 

(o-2/o-2) = k 0.01 0.25 1 5.6808 20 No Speculator 

Panel A: First Period Variables 

a1 0.79963 0.87456 1.22959 1.70492 2.79859 0.667115 
b, 0.24747 0.28569 0.39320 0.85891 1.63977 - 
A1/AkN 0.99993 0.99849 0.99624 1 1.00870 1 

Panel B: Second Period Variables 

a2! 1?k 1.20101 1.17761 1.12775 1.03326 0.99528 1.20210 
A/l 1k 0.80067 0.78507 0.75183 0.68884 0.66352 - 
A2/A2N 1.00091 1.02079 1.06593 1.16340 1.20780 1 

Panel C: Conditional Variances 

11 0.692099 0.69368 0.69615 0.69202 0.68207 0.69202 
12 0.345695 0.33862 0.32103 0.27262 0.24281 0.34601 

Panel D: Profits 

7T,lTr/7 0.99859 0.97210 0.91328 0.78927 0.73158 1 
7TS/ 1?k 0.00057 0.01291 0.04065 0.10111 0.13035 - 

Interpretation 

As we discussed previously, the insider's strategy can be decomposed into 
two parts. The first part is designed to profit from the insider's informational 
advantage, and exploits the difference between the inside information v and 
the market's initial valuation po of the asset. The second part takes into 
account the impact of the insider's trade on the speculator's belief. Since the 
insider will be "competing" with the speculator in the next period, this com- 
ponent increases future profits by keeping m away from v. We will see later 
that the coefficient bl, which measures the intensity with which the insider 
attempts to manipulate the speculator's belief, increases with the quality of 
the speculator's observation. 

The effect of the manipulative part of the insider's strategy is to decrease his 
first period trade. At the same time, however, the first part of the insider's 
strategy a I(v - p 0) will tend to have a higher intensity al than if he were a 
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monopolist because of the anticipated lower liquidity in the second period 
caused by the speculator's entry. As our comparative static analysis will later 
show, if the accuracy of the speculator's estimate (which can be measured by k) 
is not too high, then the manipulative effect will dominate the increase in a,. 
Thus, the insider's first period trade will be lower with the existence of a 
speculator than without. As a result of this diminished trade, price efficiency 
will be lower in the period prior to the speculator's entry. 

Will the insider ever end up trading in the opposite direction of (v - po)? 
(That is, can the second component be opposite in sign and larger in magnitude 
than the first component?) In equilibrium, the answer is no. If the insider 
should trade in the opposite direction, speculators (and market-makers) would 
anticipate this and take it into account when forming their estimates. Thus, 
the trade would be just as informative as (but obviously less profitable than) a 
trade with the same intensity, but in the right direction. For this reason the 
optimal strategy of an insider would be to diminish the informativeness of his 
trade, but not to trade in the "wrong" direction. 

In the second period, the insider and the speculator make trading decisions 
in a way similar to "Cournot-Nash" competitors. That is, they form optimal 
trades based on the residual difference after accounting for the other investor's 
trade. Of course, since the traders are asymmetrically informed, the residual 
differences they perceive are not identical. Thus, the insider subtracts the 
quantity A(m - p 1) from the price equation, while the speculator subtracts 
his expectation of the insider's trade. 

Note that the speculator is able to trade only because he can free ride on the 
insider's information. For example, if there were no insider trading, the spec- 
ulator's observations would be useless. The effect of the speculator's activity is 
to decrease liquidity (1/A2). Consequently, price volatility (which can be mea- 
sured by A2((A2 + 1)o-2 + o-2 )) is higher than in the absence of a speculator. 

Another result of the Cournot type of competition in the second period is 
that, although the insider trades less than he would as a monopolist, aggregate 
speculative trading increases. More information is conveyed in the second 
period with a speculator than in a monopolist market. Thus, given a fixed level 
of insider information, the efficiency of price is lower in periods prior to the 
speculator's entry, but higher afterwards. Nonetheless, as Corollary 1 shows, 
expected insider profit is lower. Thus, the incentives to acquire information are 
diminished. As we show in the next section, this implies that the overall 
informativeness of price generally falls. 

To understand more completely the impact of the speculator's presence on 
market activity, we now compare the equilibrium of Proposition 1 to the 
equilibrium without a speculator, and then consider actual equilibrium levels 
of parameters for different values of k = o-2 /-2 . o-2 /o-2 measures the precision 
of the speculator's information, relative to the residual market noise. The 
higher o-2 /o-2 iS, the greater is the speculator's inferential ability, relative to 
the market as a whole, and the greater is his scope for free riding. 
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PROPOSITION 2: In the absence of a non-fundamental speculator, an equilibrium 
of the form (8)-(11) exists in which (we use the superscript N to denote 
corresponding strategy parameters for the "no speculator" model, thus, we have 
aN instead of a1, AN instead of A1, etc.): 

aN = 1?k (14) 

bN = 0 

aN - ou V(1 + k) (1 + c 2) ( 15) 

AN = 0 

AN c __ (16) 
A1 (+ C 2) ~1+~ko0- 

N 2 V(1 + k) (1 + C2) (17) 

where c solves the equation 

c4 C4 1 
____ + -c2 1 + + c = 0 (18) 

(so that c 0.66711458). 

Proof: See Appendix. 

Similarly, we can obtain values for traders' profits and the variance of v 
conditional on prices. 

COROLLARY 2: With no fundamental speculator, the insider's expected profit is 

17riN =(C( 1 - 
c2 

+ 
2C 

- 2) \ ) oo-u 

.877597 V1 + kloo-u 

Conditional variances are 

O'2 1 
=+.69202o- 2 2 = 2 34601 oQ2 (20) 

~1? k2 2 

The values of equilibrium variables depend on the level of k = o-W/o-r. These 
values for k = 0.01, 0.25, 1, 5.68, and 20 are shown in Table I, both for a 
market with a speculator and one without. If k = 1, then the variance of the 
noise trading component observed by the speculator is half of the noise trading 
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variance faced by the market-maker. As k falls, the precision of the specula- 
*tor's estimate also falls. In contrast, for large ks, the speculator is able to infer 
the insider's information with a high degree of accuracy. 

As expected, insider profits fall as the quality of the speculator's observation 
improves. The greater and more accurate the speculator's trade, the larger the 
externality he imposes on the insider. 

It is also interesting to note that the better the speculator's information, the 
more intensely the insider tries to manipulate the speculator's belief. That is, 
the greater is the coefficient b, of the manipulative component bl(m - v) of the 
insider's first period strategy. The coefficient a, of the component al(v - po), 
which trades on the private information, also increases (because of the antic- 
ipated increase in second period liquidity). The net effect of the trade can be 
measured by its impact on end of period price efficiency, 11. For values of k 
which are not too large, 11 falls with the quality of the speculator's informa- 
tion. Thus, the "disinformation" caused by the manipulative component dom- 
inates the increase in the first component. 

One should notice, however, that the insider's first period trading strategy is 
not monotonic in k. At k = 0, the speculator does not observe any nonpublic 
data, so that the model collapses to one of a monopolist insider. As k increases 
from 0, the insider decreases his overall trading intensity because of the 
impact of the manipulative part of his strategy. However, after k passes a 
certain threshold (about k = 2.5), the speculator's inferences become precise 
enough (and second period liquidity becomes low enough), that it becomes 
advantageous to the insider to start increasing his trade to take advantage of 
the higher liquidity during the first period. a,, the coefficient of the first 
component of the insider's first period trade, starts to increase at a relatively 
faster rate than bl. At k 5.6807, the insider trades the same net amount in 
the first period as he would as a monopolist, which can be seen from the fact 
that E1 is the same in both cases. For k > 5.6807, the insider's first period trade 
is greater than a monopolist's. Thus, first period liquidity is lower and E1 is 
lower than in a monopoly market when k is large (see, for example, the case 
k = 20 in Table I). 

However, it seems that k < 2.5 should be considered the "normal" case. 
Dealers and other agents who observe nonpublic order flow data tend to have 
special access to only a (relatively small) part of the market (while k 2 2.5 
implies that more than 70 percent of market noise trading is observed). In this 
"normal" case, the effect of speculation is to decrease first-period efficiency, 
while first-period liquidity increases slightly. 

Note that, after factoring out the effect of increased noise trading o-w, the 
second period trading intensities a2 and A both decrease with k. This occurs 
because second period liquidity declines with k (whether or not changes in o9w 
are included), due to the improved inferential ability of the speculator. 

In summary, liquidity falls and efficiency (given a fixed amount of inside 
information) increases after the entry of the speculator. Liquidity also falls and 
efficiency increases in periods prior to the speculator's entry, if the quality of 
the speculator's observation is sufficiently high. However, first period effi- 
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ciency is lower and liquidity is higher than in a monopoly market if k = ow u 
is not very large. 

II. Information Acquisition and the Information Content of Price 

The simplest way to introduce information acquisition into our model is to 
assume that a potential insider who spends the amount c learns the true 
realization & with probability qi(c), where qi is an increasing function of c. That 
is, if an investor spends c, then with probability +i(c), he learns v, and with 
probability 1 - +i(c), he learns nothing. This follows Admati and Pfleiderer 
(1989). We assume that qi is concave and twice continuously differentiable.3 

One can think of the potential insider as spending resources in research to 
discover potentially valuable information about a certain firm or project. The 
more resources he spends, the more likely he is to discover valuable nonpublic 
information. For clarity, we assume that in the beginning of period 1, 
other agents in the market know whether the potential insider has managed 
to acquire the privileged information v. This last assumption is not really 
necessary.4 

Thus, the potential insider who expects to earn profit 7r from private infor- 
mation will spend c* to acquire information, where c* is given by the first-order 
condition 

qi 
I 
(c*) 7Tr (21) 

with strict equality if ' (oo)i7T < 1 and /' (0)i7T 2 1. Thus, c* (and ip(c*)) falls 
with 7r since 

dc -+f'(c) dc qI (c) >0 (22) 

The informational content of price at the end of period 2 can be measured by 
(the inverse of) 

IC = p(c)02 + (1 - f(0)10, (23) 

where 12 is the end of second period conditional variance of v, 12 = var(v p 1 , 
P2). IC2 measures the expected conditional variance at the end of the trading 
horizon. The lower IC2 is, the greater is the information content of last period 
price. 

3 Papers that study information acquisition in financial markets include Grossman and Stiglitz 
(1980), Verrecchia (1982), Admati and Pfleiderer (1988, 1989), Holden and Subrahmanyam (1992), 
and Hirshleifer, Subrahmanyam, and Titman (1994). 

4 If we don't make this assumption, we need to multiply the speculator's objective function by 
the equilibrium probability that an insider exists ip(c). Since 4' depends only on c, this modification 
does not change the speculator's decision. We also need to change equations (5) and (6) so that the 
total order flow is z/2 with probability (1 - +(c)). The details of the analysis and all qualitative 
results are the same. 
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Equation (23) implies that resources used to acquire inside information fall 
as expected insider profits fall. Thus, as long as 2 is not much lower than 4, 
the second period conditional variance without a speculator, the information 
content of price will be lower with a speculator than without. Moreover, the 
end of the trading horizon may not be the most appropriate time to measure 
the informativeness of price. Presumably, what defines the end of the possi- 
bility of trading is that the asset's value becomes publicly known. In this case, 
there are no welfare gains from improving the informativeness of price near 
the end. 

If we use the first period expected conditional variance 

IC1 = p(C)Y1 + (1 - +(c))Yo 

as our measure of price informativeness, then as long as o2/q < 5.68 price 
informativeness is lower with the existence of a speculator, because 11 > EN 

for this case.5 

III. Trading Patterns, Herding, and Manipulation 

Recent research has studied the phenomenon of herding in financial mar- 
kets (e.g., Welch (1992), Froot, Scharfstein, and Stein (1992), Hirshleifer, 
Subrahmanyam, and Titman (1994)). While our model does not consider how 
investors might herd on a particular asset, the equilibrium of Proposition 2 has 
two interesting characteristics often associated with herding in general and 
with institutional investors in particular. 

The trade of the speculator, equation (10), is positively correlated with the 
previous period's price change: 

cov(y, AP1) = A(,B - A)1 (alo + o-2) > 0 

since ,B - A1 > 0. Thus, speculators' trades appear to chase trends. 
Another consequence of the speculator's lack of fundamental information is 

that the direction of his trade may be different from the insider's. Also, it is 
possible for the insider to reverse the direction of his first period trade in the 
second period. Thus, an insider may buy (sell) in the first period and sell (buy) 
in the second period, while the speculator at the same time buys (sells) in the 
second period. 

These patterns of trades have several implications. For example, if the 
insider and speculator trade in opposite directions, the speculator's trend 
chasing (or "feedback") strategy will ex-post appear to be a money-losing 

5 Of course, in a more general model, the speculator might trade for more than one period. 
Nevertheless, IC, will generally be larger than in a market without a speculator, as long as the 
number of periods in which the speculator is active does not significantly exceed those in which he 
is not. This is because, roughly speaking, 1, (and consequently IC,) will be larger as long as the 
speculator has been active for less than t/2 periods. Moreover, if one thinks of the speculator as 
reacting to other investors' orders, so that he continually trades in response to insider and noise 
trades, then one can show that ICt always falls for all t (see Section V). 
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strategy, when in fact it is an optimal strategy and the speculator is behaving 
rationally. Before developing these implications further, however, let us first 
show that these patterns of trades can occur quite frequently. 

PROPOSITION 3: i.) For any fixed v and w1, the mispricing estimated by the 
insider, v - Pl, is decreasing, while the mispricing estimated by the speculator, 
m - Pl, is increasing in u1, the noise trading component that is unobserved by 
the speculator. ii.) For any given v and w1, if the volume of the observed noise 
trades lull is large enough, then the insider and speculator will trade in 
opposite directions in the second period, regardless of the sign of u1. iii.) If, in 
addition, u1 has the same sign as the insider's first period trade x1, then the 
insider will reverse his trade between the first and second periods. 

Proof: See Appendix. 

(i.) indicates the tendency for the speculator's and the insider's beliefs 
concerning how the asset is mispriced to diverge. Thus, as long as the volume 
of unobserved noise trades is large enough, regardless of its sign, they will 
trade in different directions, as shown in (ii.) If u1 has the same sign as the 
insider's trade, the market will overreact. Price overshoots the asset's value 
and the insider profits by making a "contrarian" trade in the second period. In 
the process, he reverses his first period trade. 

Hirshleifer, Subrahmanyam, and Titman (1994) find similar patterns of 
trades in a model in which traders receive inside (fundamental) information at 
different times. In their model, insiders reverse their trades to reduce risk. Our 
result shows that reversal can occur even if traders are risk-neutral, if one 
group of traders base their decisions primarily on price movements. Of course, 
one difference is that if the insider and speculator trade in opposing ways, then 
the speculator loses money on average. If both traders had fundamental 
information, then each trader would expect the other to earn positive profits. 

It is also useful to connect our work with recent papers on market manipu- 
lation (e.g., Kumar and Seppi (1992), Froot, Scharfstein, and Stein (1992), 
Allen and Gale (1992)), in which an uninformed investor profits because his 
trades are confused with those of an insider. In our model, it is an insider who 
has a natural incentive to manipulate other profit maximizing traders.6 Also, 
note how the volume of noise trades may cause an ex post observer to exag- 
gerate the insider's ability to manipulate the market. The empirical pattern we 
observe above, in which an insider reverses his trade and both the speculator 
and first period noise traders lose money, appears to be manipulative. How- 
ever, although the insider's attempt to manipulate the speculator's belief 
contributes to this pattern, it is primarily the speculator's action of trading on 
the basis of price movements that leads to his losses. 

6 A model that studies informed manipulation is Kyle (1984). 
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IV. Extensions of the Model 

In a previous version of this article (Madrigal (1994)), we analyze a contin- 
uous time version of the model of Section II, in which the speculator trades 
every period, and each noise trading component follows a Brownian motion. 
The speculator's equilibrium strategy turns out to be of the same form as 
equation (10). Similarly, the insider's strategy is of the form of equation (8), so 
that there are also informative and manipulative components. We show that, 
in equilibrium, the speculator's observations are completely revealed by prices 
at all points in time (this is possible because equilibrium strategies have 
infinite variation). The stochastic process of price is then the same as in a Kyle 
(1985) continuous auction, but with the noise reduced by the amount of the 
speculator's observation. Liquidity at all points in time is therefore lower than 
in the absence of a speculator. However, equilibrium conditional variance does 
not depend on order flow noise (this is also the case in Kyle (1985)). Thus, price 
efficiency given a fixed amount of inside information is unchanged. If infor- 
mation acquisition is endogenous, then the information content of price un- 
ambiguously falls. 

The results of Sections II and III are therefore supported, if not strength- 
ened, by the extension to continuous time. 

V. Other Forms of Non-Fundamental Speculation 

Suppose now that the speculator observes w2, instead of wl, in the beginning 
of period 2. That is, he observes a fraction of the period's noise trades ahead of 
the rest of the market. In this case, the speculator can profit by trading in the 
opposite direction of his observation (his optimal trade is -w2/2). The results 
are similar. Insider profits and second period liquidity fall because of the 
speculator's activity. The main difference is that the speculator's profits do not 
come from making inferences about the insider's information. He profits by 
being able to estimate the direction of the current period mispricing of the 
asset: the asset will (on average) be overpriced, if w2 is positive, or underpriced, 
if w2 is negative. Since the speculator is not free riding on the insider's 
information, the insider has no incentive to try to manipulate him. The insider 
then increases his first period trade, in anticipation of the second period 
decrease in liquidity (the second component of the insider's trade in Proposi- 
tion 1 is zero). As a result, first period liquidity also falls. 

The externality imposed by the speculator is solely of the second sort: the 
information conveyed by his trades reduces the noise in the second period 
order flow, and so allows the market to form improved inferences from prices. 

What is interesting about this form of non-fundamental speculation is that 
the speculator can profitably trade because his observation is uncorrelated 
with fundamentals. Taken together with the model of Section I, this reflects a 
more general point: any special information on order flows enables profitable 
trading. If the observation is correlated with past order flows, then, as in our 
main model, the speculator can profit by making superior estimates of the 
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asset's value. If no such correlation holds, however, then the trader knows that 
the price change associated with this order flow observation will be an over- 
reaction. Thus, he can profit by trading in the opposite direction. 

Other types of non-fundamental speculation can be studied using the anal- 
ysis in Section I. For example, the speculator might have special information 
on the insider's trading strategy. This can occur for several reasons. The 
speculator might have better information than the market about the precision 
of the insider's private signal. Alternatively, the insider might possess an 
objective function that does not depend only on trading revenues. For instance, 
the insider may incur trading costs or may have a private (nonmarket) value 
for the asset. If the speculator has special information concerning a parameter 
of the insider's objective function, he would be able to profitably trade. The 
results for many of these examples, will be qualitatively the same as those 
obtained in Section I (see Madrigal (1994)). 

VI. Conclusion 

In this article, we study the effect on prices of traders without privileged 
fundamental information, who nevertheless can speculate profitably in a mar- 
ket in which prices are set efficiently. Since these traders' information do not 
involve fundamentals, they can obtain profits only by free riding on the 
insider's trades. This reduces insider profits. Another externality imposed by 
non-fundamental speculators is that the information revealed by their trades 
enables the market at large to make better inferences from prices. This lowers 
market liquidity, raises price volatility, and increases noise trader losses in 
periods when the speculator is active. In periods before the speculator's entry, 
the insider generally cuts back on his trade, thus revealing less information to 
the market. This decrease in trading intensity occurs despite the anticipated 
fall in liquidity accompanying the speculator's entry, because of the insider's 
attempt to manipulate the speculator's beliefs. 

This last property differentiates the effects of non-fundamental speculation 
from trading with fundamental information.7 If all profit-maximizing traders 
possess fundamental information, price efficiency would improve at all times. 
With non-fundamental speculation, the effect of the reduced insider trading is 
to decrease price efficiency. If the speculator subsequently trades for a long 
enough time, then price efficiency might eventually improve, because of the 
effect of the joint trades of the two types of investors. However, note that the 
longer the speculator trades, the greater is the externality imposed on the 
insider, so that the incentive of the insider to acquire information is even 

7 Market-maker models in which more than one rational trader exists are Admati and Pflei- 
derer (1988, 1989) and Holden and Subrahmanyam (1992), which have multiple insiders. Madrigal 
and Scheinkman (forthcoming) study a one period model with heterogeneously informed insiders. 
Duffie and Huang (1986) study a competitive multiperiod securities market in which one trader's 
filtration is finer than another trader's. Our article is the only article we are aware of that includes 
rational speculators that do not possess inside fundamental information. 
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lower. (Moreover, in a continuous time market in which the insider and the 
speculator trade every period, price efficiency is always lower). 

Another property that differentiates our model from one with multiple 
informed traders is that the speculator will often "chase trends." Also, the 
insider and speculator can trade in opposite directions. 

Taken together, these results confirm the following conjectures about the 
presence of non-fundamental speculators in a market. Since these speculators 
are trading based on imperfect inferences, they make prices more volatile. 
Because their trades can reduce order flow noise, their activity does not always 
strictly reduce price efficiency (although they don't necessarily increase effi- 
ciency either), given a fixed amount of undisseminated information in the 
market. What their presence does is to affect adversely the incentives of other 
traders to spend resources on gathering useful information. It is this exter- 
nality that diminishes the information content of price. 

Appendix 

PROPOSITION 1: There exists an equilibrium in which trading strategies and 
prices are of the form: 

x1= a1(v - po) + bl(E(m I v) - v) (Al) 

X2= a2(v - p1) - (l/2)A(m - p1) (A2) 

y = A(m - p1) (A3) 

where m = E(v I U), the speculator's belief conditional on U = {w1, P}. Prices 
follow 

Pt=Pt-1 + AtXt t =l, 2 (A4) 

Let k = a2 /-2 equilibrium parameters are given by 

q X1/2 = q p/ 
(A5) 

l+kk(l + q2) ou ( 

a = D(1 - 18 (2A1 - f)a2 - (A6) 

DA /2 +A 
bi = - 0Al + (A7) 
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where 

Al 5 P 

D=A1I(2-2X + 12A(2A1- - 3A) (A8) 

7 (1 + k)o-2 1/2 

a2 = K (A9) 

2 
A2 = 2a2 (A12) 

N1= var(v |Pi) = i + q2 (A13) 

,z,m = cov(v, m IPi) = (1 + (1 + k)q2)(q2 + 1) (A14) 

Xmm = var(mrI Pi1) = Evm (Al5 ) 

2= var(vY |pi, P 2) (A16 ) 

_ A2 (~mnAi - m) + Xi(cu(l + k) -30/2 A2(vm) 
4 am + (A2/4)umm + (J(1 + k) 

The constant q is defined by 

q = (d / 1( - + A - a2 (A17) 

and 

d = Al(2 - A1a2 - aA i) - (2AiA +2 (A18) 

Note that A1, ,B, 1, Evm' and E mm depend only on q and k. Thus, a2 
depends only on q and k. Also, A and A2 can be written as functions only of a2. 
Once these variables are defined, so are a1, b1, and ~2. Thus, all these variables 
can be written as functions of q and k. Moreover, the RHS of equation (A17), 
which defines q, depends only on q and k. This means that for any given value 
of k = a , all the equilibrium quantities (A1)-(A16) can be derived. Exam- 
ples of values of these variables are presented in Table I. The parameter q 
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measures the overall intensity of the insider's first period trade (8), once we net 
out the effects of its two components. Since only the insider trades in the first 
period, the (net) intensity of his trade can be measured by the amount of 
information it conveys. This informativeness is proportional to q, as can be 
seen by the fact that 41, which determines (the inverse of) first period price 
efficiency, is strictly negatively related to q. 

Proof of Proposition 1: Given equations (9) and (10), in the second period, the 
insider will choose a trade x to maximize 

E(v - p2)x = E(v - PI - A2(x + A(m - P) + u2 + w2))x (Al9) 

or 

x - P1- A2 A(mr-p1) (A20) 

Note that the insider knows m, since w1 is in his information set. The second 
period profit of the insider is then 

_ (v-p1)2 A v pl 
/v-p \ Ax= 2 2 A ) 2A2 2) 

(V - pl)2 (rnp1) 
4A (m - P1) (v - pi) (A2 1) 

-(2A2) 2 (m -pi)+ 4 (M -pl)2 

Using (m - pl)(v - Pl) = (m - v + v - p)(v - p1) = (m - v)(v - p) + (v - p)2 and 
(m - pi)2 =.(m - v + v - pi)2 = (m - v)2 + 2(v - p1)(M - v) + (v - pi)2, we can 
rewrite T2 as 

(v-P1) (4A 2+A 4/ ~~2 (v 2 
(A22) 

+ (r - v)(v _ )(- + 22A) + (2 - V)2. 

Thus, in the first period, the insider will choose xl to maximize 

E((v - pI)x1 + 'A2(x1)) (A23) 

where wr2(x) is defined by (A23). Under the insider's conjecture that the spec- 
ulator updates by m = (3(x1 + u) + po and thatp1 = po + A1(x1 + u), we 
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have the first order condition 

E(v - po - 2AXxI) + E(v -po -Ax1) 

/-A /k-A A2A 2 l-A k 2A 2\ 
x 2A2 + 13t 2 + 2 ) -2AIt 2 + 4 ) ) (A24) 

/AIA AIA2A 2 A2A 2\ 
+ E(m - )2 - 2 + A2 1=0 

To find an expression for xl, in terms of exogenous variables, we need to find 
an expression for E(m II), where I, = {v} is the insider's period 1 information 
set. The complication here is that m in turn depends on the (speculator's 
conjecture of the form of) x. We proceed as follows. First, we conjecture then 
verify that E(m I v) is of the form: 

Claim 1: E(m I v) = y(v - po). 

Proof Under this assumption, 

Xi = al(v - po) + bIE(m - v) = (a, + b1y)(v - po) a(v - po) (A25) 

Using the projection theorem, the speculator's estimate m in the second 
period is given by 

m =E(v a(v - po) + u1)= 
ao 

(a(v - po) + u1) + po a2 (A26) 

-P(a(v -po) + Ul) + Po 

Thus, 

E(m - v I v) = fa(v - po) + po -v = (Oa - 1)(v - po). (A27) 

However, under equation (A25), 

x= (a, + bi(13a - 1))(v - po) = A(a)(v - po) (A28) 

so that if 

A(a) a = (1 - b1>)-l(al - b1), m = (xl + u), 

and 

E(m I v) = 13a(v - po) 

then the conjecture is verified. Q.E.D. of Claim 1 

A consequence of Claim 1 is that xl can be written as 

x1 = a(v - po) (A29) 
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Also, under the result of Claim 1, m = E(&ixi + iu) = f3(xl + iu) + po, with 
,B given by equation (A26). Thus, substituting for m, we have E(m -v) = 

O3x, - (v - po), and the first order condition (A24) can be written as 

(v - 
-o 2 2A,(~A + + 13( + 

( 2A2 1(2 +4 )+(2 +2) 

- (XA X1l2A2 X2Af2pf3 

(A30) 

+xi(2Xi-~(~-l -(A + A A2) 

22 2 4 
+ 

A 
2 A _ AA12A 2 + 2A) 

+ ((2 +2 )(A +(2 2 2))) 

or 

x, = d-1c(v - po) (A3 1) 

where c and d are the coefficients of v - Po and x1 in equation (A30). c and d 
simplify to 

d = Al(2 - 2+ AA1(2 1- -P3A(xl(1 + x2A) + 2(3) (A32) 

c = 1 + A1(A - L) - (A33) 

Thus, xl is of the form (A29) with a = d-- c. A1 is given by 

a1 =,2E,+(1 +k)o2 (A34) 

and 11 by 

(COV(U7, Xi + Z1 + V1))2 _ (1 + k)o -2A0 
= - ? - var(x1 + ii + iv1) a- 0 + o(1 + k) 

We now consider the speculator's trading decision. The speculator trades the 
quantity y in the second period to maximize 

E((v - P2)Y I S2) (A3 6) 

= E(V - P - A2(a2(V - PO - (m - P) + Y + >2 + W2) Y 
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so that 

__ X~~~~2A 
Y 2A E((v-pi)(1-A2a2)+ 2 (m-pi)) 

(A3 7) 

( ( A2a2 + 4 A) -P ) =A'(m pi) 

In equilibrium, A = A' so that 

2(1 - A2a2) (A38) 
3A2 

Assuming that x1 is of the form (A29), x, can be written as equation (A29), 
thus, 

m = E(v I a(v -po) + 1) = f3(x1 + )+ po (A39) 

where 

ao 
a2o + 2 (A40) 

Since price satisfies equation (1), A2 is given by 

E(v -PI I 2) 

A 
=Ev vPi a2(v -P )-2 (m -Pl) +A(m -Pl) + u2+ V2J = 22 

or 

a2y1 + (A/2)Yvm (A4 1) 
A2 =a.1 + (A2/4)Ymm + O'(1 + k) 

If we let the unconditional covariances be denoted by 

Svm = cov(v, m) = Palo =vw = cov(v, w1) =ao 

= var(wl) = a 210 + J2U(1 + k) Smw = cov(m, o1) - I3(a 21o + 
0-2) 

Smm = var(m) = 32 (a 21 + U2), 

then the covariance matrix conditional on '1 

1 1 ivmX ~ (01= ( Ei .vmm w vm ~mm1 
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is given by 

(L~~~~~ ~v j "sm") (A42) (svm Smm) S ( (vo S m(O (42 

or 

E1= lo- 

S)2 

(A43) 

vm = Svm - S (A44) 

(sm 
) 
0 

mm = Smm (S 
S Coco 

The equilibrium is defined by finding the solutions of equations (A20), (A32), 
(A33), (A34), (A35), (A38), A(40), A(41), and A(42). Since these equations are 
nonlinear, it is difficult to solve by direct substitution. We therefore proceed by 
first conjecturing that a in equation (A29) is of the form 

(Turl 1+k 
a = q l1/2 (A45) 

0 

for some q, solving the remaining equations under this assumption and then 
finally solving for q. Recall that k = w /U. 

1. Solving for A1, ;1. 

________Y.__ _1 q 14/2' -(l + k) 
a2y0 + (1 + k)o2 - ((1 + k)q2 + (1 + k)) 2 

(1 + k)2 _ Y (A47) 

=(1 k)q 2 + (1 + k)oT2) 1 ?q2 (A47) 

2. Solving for f, A, a2, A2, 

- ~ )s/0] 
0 

+k ~/ (A48) 
q2[ ( 1 +k)s 2/SO]y + v ( 1 + (1 + k)q 2 au 

We now find expressions for A, a2, A2, and 42. Since a2=1/2X2, equation 
(A38) simplifies to 

A=(2 ) a2 (A49) 
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Thus, using equations (A20), (A41), and (A49), a2 is given by 

2 

2( a2A + 
1 

a2Avm)a2 = a2E + a2 mm + _ + 2 

or 

a2= (o_U + o-W)(1 + 2/3vm -1/9 mm) (A50) 

Finally, 12, the variance of u2 conditional on Pi and P2, is given by 

(COV(V , wJ2 W 1)2 

var(W21 WI) 
~~~~~(A5 1) 

mm + OU(1 + k) ) - Avm( a21 + 4 Ivm) 

A2 
a21 + 4 Imm + o_2(1 + k) 

From equations (A31) and (A45), we can now find q by the substitution 

q 11/2 = d1c (A52) 
0 

which is possible since d-lc is of the form 6(rU/Ij/2) for some 6, which depends 
only on 13, A1, ', Ak2, A, and a2, which we have reduced to functions of q. 

Substituting this value for q into equation (A45) allows us to obtain the 
equilibrium values of all variables once we are given k. In particular, first 
period trade x1 = a (v - po) + b I(m - v) is given by 

a = d-1(1 - AIa2 + (13- 2A1)( 4 2) + (A53) 

A 
bi= d-1 _2 (A- A1A2A + A2A,1). (A54) 

Q.E.D. 

Proof of Corollary 1: 

LEMMA 1: E((m - p1)(v - P1) I S2) = E((m - P)21 S2) = E((v _ p)2 _ 

(m - V) 21 SO where S2 is the speculator's information set at time 2. 

Proof: Since m = E(v S2), E((m - p1)(v - P1) I S2) = E((m - p1)(v - 
m + m - PO) S2) = E((m - Pi)21 S2), since the projection theorem implies 
that v - m is orthogonal to all elements of S2, so that E((v - m)(m - PO) S2) = 0. 
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Similarly, 

E((m - P 1)| S2) 

= E((m - v + v - pi)2 S2) 

= E((m - v)2 IS2) + 2E((v - m + m - p)(m - v) IS2) + E((v - pD)2 S2) 

= E((v - p)2 S2) - E((m - v)2 S2). 

Q.E.D. of Lemma 

Note that a monopolist insider can mimic the aggregate trade of the insider 
and the speculator by choosing 

A 
x1 = a1(v - po) + b1(m - v) x2= a2(v - P1) + 2 (m - P1) (A55) 

Denote the monopoly profits from equations (A55) by 7 A. Then, 17M 2 7rA. To 
obtain strict inequality, note that the speculator's expected profit is positive 

IT =E(v -P2)Y = ( 2 I+ ) )AE(m -p1)2 > O, 

where Lemma 1 is used to obtain the expression on the RHS. Since the profits 
from equations (A55) equal the losses of noise traders under the equilibrium of 
Proposition 1, and the speculator shares a part of this surplus, 7r i < vA C M 

We now derive explicit expressions for v' and vS. Unconditional first period 
profits are 

7ri = E(v - po - Al(a(v - po) + ii1 + Cvl))a(v - po) 
(A56) 

=(1-1Ala)aE(v-po)2 = q 1+ k(1-q 1+ kAX1) ol .'2 

From equations (A10) and (A12), we have a=?2A2 and A = 23a2. Thus, applying 
Lemma 1 and the law of iterated expectations to equation (A22), we can write 

7T2 = E(v - p)2(2 - a2 + 18 a2) - E(m - v)2(9 + + E(m - 

2a2 - l2+5 -V2 = 9 E(v -p)2-+ 18 a2(m- 

Since 

E(v -pl)2) = ((1p-oX-)(vPo)-Al (u + w))2 = (1- X1a)210 + X2(or2u + of,) 
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and 

E(m - V)2 = a210 + o2 = (q2(1 + k) + 1))' 

we have 

a2y OF q21 2 
k_2 4 q_2 

17T 411- -1+ 2 2 18 q2 1+ k + 1 / (1 + k)(1 + q2)2 

+ 5(1 + q2(1 + k)-1)1 

Finally, using Lemma 1 and the law of iterated expectations, 

7Ts =(2 - A2 2 (m - PI1) )A(m - Pi1) 

2 
- a2E((v - Pi)2 - (m - v)2) (A57) 

6 

T2-18 Ea2(m -v)2= 2- 2 (q2( + k) + 1)1 

Q.E.D. 

Proof of Proposition 2: The equilibrium of Proposition 2 is, of course, the 
sequential auction equilibrium in Kyle (1985) for the case of two periods. Since we 
are solving for a closed form equilibrium, some additional analysis is needed. 
Since the additional analysis is straightforward, we only summarize the addi- 
tional arguments here (Madrigal (1994) contains details). Assuming that price 
follows equation (11), expressions for the equilibrium values of a1, a2, A1, A2 can be 
derived as functions of k, ou, A1, A2, and E1 (where E1 = var(v 1Pl)) following the 
procedure of the proof of Proposition 1 or the proof of Theorem 2 of Kyle (1985). 
These expressions will not be in closed form. Conjecture now that a, is of the form 

a1=c - 
1(A59) 

Substitution then reduces all equilibrium variables to functions of c (and 
known parameters k and o-2). Finally, to find c, consistency of equation (A59) 
with the first order condition for a1 yields equation (18). Q.E.D. 

Proof of Proposition 3: (i.) 

v-p1=v-po-A1(x1+u1+w1) (A60) 

m - Pi = (x1 + Ui) - Po - Ai(x1 + ui + wI) (A61) 

= (/ - A)(x1 + U1) -Po - AXW1 
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Thus, (i.) holds since -A1 < 0 and f3 - A1 > 0, and xl does not depend on u1. (ii.) 
*follows from equations (9), (10), (A60), and (A61). (iii.) If x1 > 0, and u1 > 0 is 
sufficiently large, then from (A60) and (A61), v - Pi < 0 but m - Pi > 0. From 
equation (9), x2 < 0, reversing the first period trade. An analogous argument 
holds for x1 < 0. Q.E.D. 
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