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Abstract

Do large investors increase the vulnerability of a country to speculative
attacks in the foreign exchange markets? To address this issue, we build
a model of currency crises where a single large investor and a continuum
of small investors independently decide whether to attack a currency based
on their private information about fundamentals. Even abstracting from
signalling, the presence of the large investor does make all other traders
more aggressive in their selling. Relative to the case in which there is
no large investors, small investors attack the currency when fundamentals
are stronger. Yet, the difference can be small, or null, depending on the
relative precision of private information of the small and large investors.
Adding signalling makes the influence of the large trader on small traders’

behaviour much stronger.
JEL F31, D82
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1. Introduction

A commonly encountered view among both seasoned market commentators and
less experienced observers of the financial markets is that large traders can ex-
ercise a disproportionate influence on the likelihood and severity of a financial
crisis by fermenting and orchestrating attacks against weakened currency pegs.
The famously acrimonious exchange between the financier George Soros and Dr.
Mahathir, the prime minister of Malaysia at the height of the Asian crisis is a
prominent example in which such views have been aired and debated. The issues
raised by this debate are complex, but they deserve systematic investigation.

At one level, the task is one of dissecting the problem in search of the possible
mechanisms (if any) that may be at play in which a large trader may exercise
such influence on the market outcome. What is it about the large trader that
bestows such influence? Is it merely that this trader can bring to bear larger
resources and hence take on larger trading positions? What if the information
of the large trader is no better than the small traders in the market? Does the
large trader still exercise a disproportionate influence? Finally, does it make a
difference to the market outcome as to whether the trading position of the large
trader is disclosed publicly to the market? If so, does such “transparency” of the
trading position enhance financial stability or undermine it? This last question
is especially important given the emphasis placed by policy makers on the public
disclosures by the major market participants as a way of forestalling future crises.!

We propose to investigate these issues in a model of speculative attacks in
which a large trader interacts with a continuum of small traders. The large
trader is ‘large’ by virtue of the size of the speculative position that he can take
on as compared to the small traders. The two types of traders face a monetary
authority defending a currency peg, and stand to gain if their attack on the peg
is successful, but stand to lose if the attack fails to break the peg. Both types
of traders are well informed about the underlying fundamentals, but they are
not perfectly informed. Moreover, we allow the possibility that the information
precision of one type of trader is higher than another. We can examine the case
in which the large trader is better informed than the small trader and contrast
this with the case in which small trader is relatively better informed.

To anticipate our main conclusions to these questions, we can summarize our
findings as follows.

I'The response of the regulators and official bodies to the financial turbulence of 1998 has
been to call for greater public disclosures by banks and hedge funds. The recent document
from the Financial Stability Forum (2000) reiterates similar calls by the BIS, IOSCO, and the
President’s Working Group. In contrast, the private sector is more ambivalent towards the
value of public disclosures. See, for instance, Counterparty Risk Management Policy Group

(1999).



e As a general rule, the presence of the large trader does increase the incidence
of attack against a peg. The reason is not so much that the large trader’s
market power manufactures these crises, but rather that the presence of
the large trader makes the small traders more aggressive in their trading
strategies. In other words, the large trader injects a degree of strategic
fragility to the market.

e However, within this broad general finding, the relative precision of infor-
mation between the two types of traders matters.

— When a typical small trader is better informed than the large trader,
the influence of the latter on the market is moderate. His presence can
make little or no difference on small traders’ strategies.

— But when the large trader is better informed than a typical small trader,
his influence is much larger.

e Finally, the influence of the large trader is magnified greatly when the large
trader’s trading position is revealed to the small traders prior to their trading
decisions. Thus, when the large trader moves first, and his position is
disclosed publicly to other traders before their trading decisions, the impact
of the large trader is that much larger. The reason for this added impact
lies in the signalling potential of the large trader’s first move. To the extent
that a speculative attack is the resolution of a coordination problem among
the traders, the enhanced opportunity to orchestrate a coordinated attack
helps to resolve this collective action problem.

The technical and modelling innovations necessary to reach our main conclu-
sions deserve some attention by itself, and it is to these that we now turn. The
theoretical framework employed in this paper is an extension of the incomplete
information game formulation used in Morris and Shin (1998). In this earlier
setting, the argument makes heavy use of the fact that the game is symmetric -
that is, all the speculators are identical. This assumption is clearly not available
to us in the current setting. It is not at all obvious that the argument used in
Morris and Shin (1998) to prove uniqueness of equilibrium is applicable in asym-
metric payoffs settings, and one of the contributions of our current paper is to
demonstrate that this argument can be used with some modifications.

There is a more subtle, but important theoretical contribution. The incom-
plete information game approach of Morris and Shin (1998) is an instance of a
more general approach to equilibrium selection pioneered by Carlsson and van
Damme (1993), in which the type space underlying the game is generated by
adding a small amount of noise in the signals of the players concerning some



payoff relevant state. Carlsson and van Damme refer to such games as “global
games” , and the general class of such games turn out to have a rich and interesting
structure. Morris and Shin (2000) discuss some general results and applications.
Analysis using global games should be seen as a particular instance of equilibrium
selection through perturbations, but it is important to disentangle two distinct
sets of results concerning global games. The first question is whether a unique
outcome is selected in the game. A second, more subtle, question is whether
such a unique outcome depends on the underlying information structure and the
structure of the noise in the players’ signals. One of the remarkable results for
symmetric binary action global games is that the answer to the second question
is ‘no’. In other words, not only is a unique equilibrium selected in the limit as
the noise becomes small, but the selected equilibrium is insensitive to the struc-
ture of the noise (see Morris and Shin (2000) section 2). However, our second
bullet point above points to the fact that, in our model, the structure of the noise
does make a difference. The equilibrium outcome depends on whether the large
trader is relatively better or worse informed as compared to the small traders.
Thus, in our asymmetric global game, although we have a unique equilibrium
being selected, this unique equilibrium depends on the noise structure. It is this
latter feature that allows us to draw non-trivial conclusions concerning the eco-
nomic importance of information. Frankel, Morris and Pauzner (1999) explore
the equilibrium selection question in the context of general global games.

Our examination of the sequential move version of the game necessitates a
further extension the current state of the art. When moves occur sequentially in
which the actions of the early movers are observable to the late movers, herding
and signalling effects must be taken into consideration, as well as the usual strate-
gic complementarities. Although a general analysis of sequential move variations
of global games is rather intractable, the fact that small traders (individually)
are of measure zero in our model allows us to focus attention on the signalling
effects of the large trader. This simplifies the analysis sufficiently for us to derive
explicit closed form solutions to the game.?

The paper is organized as follows. Section 2 lays out the basic framework and
establishes two benchmark results in setting the stage for the general analysis.
Section 3 characterizes the unique equilibrium in a simultaneous move trading
game. Section 4 explores the comparative statics properties of the equilibrium to
changes in the traders’ information precision. The focus here is on the interaction
between the size of the large trader and his information precision. Section 5
investigates the sequential move version of the game. Section 6 concludes.

2Dasgupta (1999) has examined some of the issues that arise with many large players and
multi-period signalling.



2. The model

The focus of our analysis is on the mechanism by which a fixed exchange parity
is abandoned as a result of a speculative attack on the currency. Consider an
economy where the central bank pegs the exchange rate. There is a single “large”
trader and a continuum of “small” traders. The distinguishing feature of the large
trader is that he has access to a sufficiently large line of credit in the domestic
currency to take a short position up to the limit of A < 1. In contrast, the set of
all small traders taken together have a combined trading limit of 1 — A.

We envisage the short selling as consisting of borrowing the domestic currency
and selling it for dollars. There is a cost to engaging in the short selling, denoted
by t > 0. The cost t can be viewed largely as consisting of the interest rate
differential between the domestic currency and dollars, plus transaction costs.
This cost is normalized relative to the other payoffs in the game, so that the
payoff to a successful attack on the currency is given by 1, and the payoff from
refraining from attack is given by 0. Thus, the net payoff to a successful attack
on the currency is 1 — ¢, while the payoff to an unsuccessful attack is given by —t.

Each trader must decide independently, and (for now) simultaneously whether
or not to attack the currency. The strength of the economic fundamentals of this
economy are indexed by the random variable 6, which has the (improper) uniform
prior over the real line.?

Whether the current exchange rate parity is viable depends on the strength
of the economic fundamentals and the incidence of speculative attack against the
peg. The incidence of speculative attack is measured by the mass of traders
attacking the currency in the foreign exchange market. Denoting by ¢ the mass
of traders attacking the currency, the currency peg fails if and only if

(>0 (2.1)

So, when fundamentals are sufficiently strong (i.e. 6 > 1) the currency peg is
maintained irrespective of the actions of the speculators. When 6 < 0, the peg
is abandoned even in the absence of a speculative attack. The interesting range
is the intermediate case when 0 < § < 1. Here, an attack on the currency will
bring down the currency provided that the incidence of attack is large enough,
but not otherwise. This tripartite classification of fundamentals follows Obstfeld

(1996) and Morris and Shin (1998). Although we do not model explicitly the

3Improper priors allow us to concentrate on the updated beliefs of the traders conditional on
their signals without taking into account the information contained in the prior distribution. In
any case, our results with the improper prior can be seen as the limiting case as the information
in the prior density goes to zero. See Hartigan (1983) for a discussion of improper priors, and
Morris and Shin (2000, section 2) for a discussion of the latter point.



decision of the monetary authorities to relinquish the peg, it may be helpful to
keep in mind the example of an economy endowed with a stock of international
reserves, where the central bank is willing to defend the exchange rate as long
as reserves do not fall below a predetermined critical level. The central bank
predetermines this level based on its assessment of the economic fundamentals of
the country. The critical level is low when fundamentals are strong (6 is high):
the central bank is willing to use a large amount of (non-borrowed and borrowed)
reserves in defending the exchange rate. Conversely, the critical level is high when
fundamentals are weak (6 is low). Even a mild speculative attack can convince
the central bank to abandon the peg.

2.1. Information

Although the traders do not observe the realization of 0, they receive informative
private signals about it. The large trader observes the realization of the random
variable

y =0+ (2.2)

where 7 > 0 is a constant and 7 is a random variable with mean zero, and with
smooth symmetric density g (-). We write G (-) for the cumulative distribution
function for ¢ (-). Similarly, a typical small trader i observes

x; =0+ 0g (2.3)

where ¢ > 0 is a constant and the individual specific noise g; is distributed
according to smooth symmetric density f (-) (write F'(-) for the c.d.f.) with mean
zero. We assume that g; is i.1.d. across traders, and each is independent of 7.

A feature already familiar from the discussion of global games in the literature
is that even if 0 and 7 become very small, the realization of 6 will not be common
knowledge among the traders. Upon receiving his signal, the representative trader
i can guess the value of @, and the distribution of signals reaching the other traders
in the economy, as well as of their estimate of §. He cannot, however, count on
the other traders to know what he knows — and agree with his guesses. The other
traders will have to rely exclusively on their own information to form their beliefs.
This departure from the assumption of common knowledge of the fundamentals,
no matter how small, is key to the results to follow. The relative magnitude of
the constants ¢ and 7 indexes the relative precision of the information of the two
types of traders.

A trader’s strategy is a rule of action which maps each realization of his signal
to one of two actions - to attack, or to refrain. We will search for Bayes Nash
equilibria of the game in which, conditional on each trader’s signal, the action



prescribed by this trader’s strategy maximizes his conditional expected payoff
when all other traders follow their strategies in the equilibrium.

2.2. Two benchmark Cases

Before proceeding to our main task of solving the game outlined above, we present
a brief discussion of the coordination problem under two special cases to set a
benchmark for our main results. The first is when all traders are small (A = 0),
the second is when the sole trader is the large trader himself (A = 1).

2.2.1. Small traders only

The case when A = 0 takes us into the symmetric game case of Morris and Shin
(1998). We will conduct the discussion in terms of switching strategies in which
traders attack the currency if the signal falls below a critical value z*. We will
show later that this is without loss of generality, and that there are no other
equilibria in possibly more complex strategies. The unique equilibrium can be
characterized by a critical value 6" below which the currency will always collapse,
and a critical value of the individual signal z* such that individuals receiving a
signal below this value will always attack. To derive these critical values, note
first that, if the true state is ¢ and traders attack only if they observed a signal
below z*, the probability that any particular trader receives a signal below this
level is

prob(z; < z* |0) = F <x — 9) (2.4)

g

Since the noise terms {g;} are i.i.d., the incidence of attack ¢ is equal to this
probability. We know that an attack will be successful only if £ > 6. The critical
state 0" is where this holds with equality. Thus, the first equilibrium condition —
a “critical mass condition” — is

P <x — 9*> = 0. (2.5)

g

Figure 2.1 overleaf depicts the incidence of attack as the downward sloping curve
F (%) Given z*, any realization of the fundamental 6 < 6" is associated with
a successful speculative attack on the currency.

Second, consider the optimal trigger strategy for an trader receiving a signal
x;, given 6*. The trader has the conditional probability of a successful attack of

0" — x;
prob(0 < 0" | z;) = F < $Z> , (2.6)

g
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Figure 2.1: Switching equilibrium with small traders only

and hence attacks if and only if his expected gross payoff is at least as high as
the cost of attack . As the expected payoff to attacking for a marginal trader
receiving a signal z* must be 0, the “optimal cutoff” condition for z* is

Ia <8* — x> =1 (2.7)

g

This point x* is illustrated in figure 2.1.  Solving for the equilibrium entails
solving the pair of equations above. Equation (2.7) gives 6* = z* 4+ oF 1 (¢);
substituting into (2.5) gives 8* = F(—F '(t)) =1 - F(F'(t)) = 1—t. We

obtain the following proposition

Proposition 2.1. If A =0,
= 1—t—aF (1)
0f = 1—1

The currency will collapse for any realization of the fundamental 0 smaller than
1 — t, while each individual trader will attack the currency for any realization of
his signal below 1 — ¢t — o F~! (¢).* Note that this trigger tends to 1 — ¢ as 0 — 0.

2.2.2. A single large trader

We now consider the opposite extreme case of A\ = 1, in which there is a single large
trader. This reduces the game to a single person decision problem, and implies a

iFor t < 1/2, F~1(t) is a negative number, so that z* > 0". As 0 — 0, i.e. letting the
private signal become arbitrarily precise, the optimal cutofl point will tend to the fundamental
threshold, 2* — 0.



trivial solution to the coordination problem described above. As this single trader
controls the market, there is no need of an equilibrium condition equivalent to the
“critical mass condition” (2.5). The only condition that is relevant for a single
large risk-neutral trader is the “optimal cutoff”: he will attack the currency if
and only the expected payoff from a speculative position is non-negative, that is

o(52)
T

Thus he attacks if and only if y < y* = 1 — 7G~' (). Note that the trigger ¥ is
smaller than one, but tends to 1 as 7 — 0.

when

3. Equilibrium with Small and Large Traders

We can now turn to the general case when there are both small and large traders.
We will show that there is a unique, dominance solvable equilibrium in this case
in which both types of traders follow their respective trigger strategies around the
critical points £* and y*. The argument will be presented in two steps. We will
first confine our attention to solving for an equilibrium in trigger strategies, and
then proceed to show that this solution can be obtained by the iterated deletion
of strictly interim dominated strategies.

3.1. Equilibrium in Trigger Strategies

Thus, as the first step let us suppose that the small traders follow the trigger
strategy around z*. Because there is a continuum of small traders, conditional
on 0, there is no aggregate uncertainty about the proportion of small traders
attacking the currency. Since F’ (m*;9> is the proportion of small traders observing
a signal lower than z* and therefore attacking at , an attack by small traders
alone is sufficient to break the peg at 6 if (1 — \) I (“’”*U—*g> > 6. From this, we can
define a level of fundamentals below which an attack by the small traders alone

is sufficient to break the peg. Let 0 be defined by:

(1—-\)F <x — Q> —0 (3.1)

g

Whenever 6 is below 6, the attack is successful irrespective of the action of the
large trader. Figure 3.1 depicts the derivation of this critical level. Note that ¢
lies between 0 and 1 — A. Clearly @ is a function of z*.

Next, we can consider the additional speculative pressure brought by the large
trader. If the small traders follow the trigger strategy around x*, the incidence
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Figure 3.1: Incidence of attack at 6 with both types of traders

of attack at 6 attributable to the small traders is (1 — A) F (%) If the large
trader also chooses to attack, then there is an additional A to this incidence (see
figure 3.1). Hence, if the large trader participates in the attack, the peg is broken
whenever A + (1 — A\) F (%) > ). Thus we can define the critical value of
the fundamentals at which an attack is successful if and only if the large trader
participates in the attack. It is defined by

A+@fﬂmF<ﬂ_5>:§ (3.2)

g

As is evident from figure 3.1, 0 lies between 0 and 1.

Although our notation does not make it explicit, both § and  are functions
of the switching point z*. In turn, z* will depend on the large trader’s switching
point y*. Our task is to solve these two switching points simultaneously from the
respective optimization problems of the traders. A large trader observing signal

y assigns probability G (;Ty) to the event that 6 < 6. Since his expected payoff

to attacking conditional on ¥y is GG (E%y) — t, his optimal strategy is to attack if

and only if y < y*, where y* is defined by:

G<§_w>:t (3:3)

T

Now consider a small trader. Conditional on signal x, the posterior density over

() (3.9

10

0 for this trader is given by




When 6 < 6, the strategies of the small traders are sufficient for a successful
attack. When 0 € (Q,ﬂ the peg breaks if and only if the large trader attacks,
while if # > 0, the peg withstands the attacks, irrespective of the actions of the
traders. Thus, the expected payoff to attack conditional on signal x can be written
as

2

i )aed [HE)e () w

— 00

The first term is the portion of expected payoff attributable to the region of
0 where 0 < . The second term is the portion of expected payoff that is
attributable to the interval (Q, ﬂ Here, one must take into account the fact that
the attack is successful if and only if the large trader attacks. The probability
that the large trader attacks at 6 given his trigger strategy around y* is given by
G (34*7—7(9), so that the payoffs are weighted by this value. Beyond 0, the attack is
never successful, so that the payoff to attack is zero. Since the cost of attack is
t, the trigger point z* for the small trader is defined by the equation:

SO [1 (5o () wme oo

There is a unique z* that solves this equation. To see this, it is helpful to introduce
a change of variables in the integrals. Let

0 — x*

g

=

(3.7)

and denote

QEQ_aj and 556_37 .
o o

(3.8)

Then, the conditional expected payoff to attacking given signal z* is

11



—00 2]
_ /f(z)dz+/f(z)G<y*T_9>dz
_ /f(z)dz+/f(z)G<6_$;_UZ—G1(t)>dz

where the third line follows from the fact that

Y =0—1G (1) (3.10)
=1 +05—1G ().

Hence, (3.6) gives:

/_f(z>dz+/f<z>e(§ (E—Z)—G*(t))dz—t:o (3.11)

However, note that both § and & are monotonically decreasing in z*, since

dé—— L <0
dee — (1=N[()+o
dé 1

= — — <0

dz* (1= [f(8)+o

Since the left hand side of (3.11) is strictly increasing in both § and 5, it is
strictly decreasing in z*. For sufficiently small z*, the left hand side of (3.11) is
positive, while for sufficiently large z*, it is negative. Since the left hand side is
continuous in z*, there is a unique solution to (3.11). Once z* is determined, the
large trader’s switching point y* follows from (3.3).

12



3.2. Dominance Solvability

To this point, we have confined our attention to trigger strategies, and have shown
that there is a unique equilibrium within this class of strategies. We now show
that confining our attention to trigger strategies is without loss of generality. The
trigger equilibrium identified above turns out to be the only set of strategies that
survive the iterated elimination of strictly interim dominated strategies. The
dominance solvability property is by now well understood for symmetric binary
action global games (see Morris and Shin (2000) for sufficient conditions for this
property). The contribution here is to show that it also applies in our asymmetric
global game.

Consider the expected payoff to attacking the peg for a small trader conditional
on signal x when all other small traders follow the switching strategy around &
and when the large trader plays his best response against this switching strategy
(which is to switch at y (Z), obtained from (3.3)). Denote this expected payoff
by w(z,z). It is given by

0(%) o(z)

u(a;,a:«)zé_/f<9;‘”>d9+§[f<9;x>e<w>d9 (3.12)

—00 8(z

where 0 (%) indicates the value of  when small traders follow the Z-switching
strategy. 0 (2) is defined analogously. We allow # to take the values —co
and oo also, by which we mean that the small traders never and always attack,
respectively. Note that w (-, -) is decreasing in its first argument and increasing
in its second.

For sufficiently low values of x, attacking the currency is a dominant action
for a small trader, irrespective of the actions of the other traders, small or large.
Denote by z, the threshold value of z below which it is a dominant action to
attack the currency for the small trader. All traders realize this, and rule out
any strategy for the small traders which refrain from attacking below z,. But
then, refraining from attacking cannot be rational for a small trader whenever
one’s signal is below z,; where x; solves

u(zy, o) =1 (3.13)

This is so, since the switching strategy around z, is the best reply to the switching
strategy around z,, and even the most cautious small trader (in the sense that
he assumes the worst concerning the possibility of a successful attack) believes
that the incidence of attack is higher than that implied by the switching strategy
around z, and the large trader’s best reply v (z,). Since the payoff to attacking

13



is increasing in the incidence of attack by the other traders, any strategy that
refrains from attacking for signals lower than z, is dominated. Thus, after two
rounds of deletion of dominated strategies, any strategy for a small trader that
refrains from attack for signals lower than z, is eliminated. Proceeding in this
way, one generates the increasing sequence:

Lo <Ly <Ly < -0 <Ly, < +0v (3.14)

where any strategy that refrains from attacking for signal < z, does not survive
k + 1 rounds of deletion of dominated strategies. The sequence is increasing since
u (-, -) is decreasing in its first argument, and increasing in its second. The smallest
solution z to the equation u (x,z) =t is the least upper bound of this sequence,
and hence its limit. Any strategy that refrains from attacking for signal lower
than z does not survive iterated dominance.

Conversely, if z



we show that 6 is bounded below and above so that

FH)y<s< ! <%>

Observe that, as Z (5 — z) > 0 for 6 > z , the value of G (% (5 — z) -Gt (t))
in equation (3.11) will lie between 1 — ¢ (corresponding to the optimal cutoff
for the large trader) and 1. Evaluating (3.9) at G(.) = 1, we obtain F (3) =t
Conversely, evaluating (3.9) at G(.) = 1—¢, F'(§) will be at most . We conclude

that t < I () < L.

1-t

4.1. Large Trader with Precise Information (£ — o)

In the first case of our taxonomy, we allow the large trader’s information to become
arbitrarily more precise relative to the small traders, i.e. we take the limit of the
equilibrium expressions as £ — oo. Observe that, in this case, the expression

G (% (3 — z) -Gt (t)) in equation (3.11) tends to 1, forall z < §and § > I~ (¢).
Equation (3.11) then becomes

F(8) =t

For all practical purposes, small traders treat the signal of the large trader as if it
coincided with the true state of the fundamental, i.e. they disregard the noise of
the large trader’s information. For the representative small trader, then, the ex-
pected payoff from an attack only depends on the distribution of the fundamental
conditional on his own signal.

Substituting the above expression into the other equilibrium conditions, we
obtain our first proposition:

Proposition 4.1. In the limit as £ — oo,

0—=X+(1—=N(1-1)

— P

— G (1)

and 0 tends to the unique solution of

(1—)\)F<$*_Q> — 0.

g

15



The equilibrium expression for the limit of @ has a simple intuitive interpre-
tation. Recall that, conditional on €, the proportion of small traders attack-

ing is I (m**é) = F(—6). Above, we have established that, in the presence

g

of a large trader with superior information, F(6) = ¢. Thus, the proportion
of the population of small traders (1 — \) attacking the currency at § = 0 is
F(—=68) =1— F(6) =1 —t. The threshold 0 is just the sum of this proportion,
and the size of the large trader.

Comparing the equilibrium value of 6 with the corresponding expression for
0" in the benchmark model without a large trader, we see that the former is
strictly greater than the latter: with a large trader, the currency collapses at
higher values of fundamentals. Moreover, since 6 is increasing in A, the cutoff
for small traders, x*, is also increasing in the size of the large trader. Intuitively,
when the information of the large trader is precise, small traders are confident
that the large trader’s signal will not be far away from their best estimates of the
value of the fundamental. Thus, they become more aggressive, in the sense that
they find it optimal to attack for higher values of the fundamentals.

Relative to the second benchmark model, where the market coincides with
a single large trader, the presence of small traders makes the large trader more
cautious. The cutoff point y* is lower, falling from 1 — 7G1(t) to 0 — TG ().
This is because the large trader has now to allow for the fact that some proportion
of small traders will fail to join him in the attack.®

In closing, it is useful to study the behavior of the model for £ — oo, when we
also let the information of both small and large traders become arbitrarily precise
0 — 0, 7 — 0. The result is summarized by the following corollary.

Corollary 4.2. Asoc — 0,7 — 0 and 2 — oo,

= A+ (1-=X)(1-1)
Yy = A+ (1= (1-1)
0 —A+(1-N(1-1)
0 —min{l - XA+ (1-X)(1-1)}

When the large trader is well informed relatively to small traders, in the limit
all trigger points tend to the unique value A + (1 — X) (1 —¢). This is strictly
greater than the trigger point obtained with small traders only, and its value is
increasing in the size of the large trader.

5For t < 1Z27 both 2* and y* are above the threshold 6. As % — 00, y* will be below z*,
and closer to 0.
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4.2. Relatively Uninformed Large Trader (£ — 0)

What if the information of the large trader is relatively less precise than that of
small traders? Observe that, when £ — 0, the expression G (% (5 — z) -Gt (t))
in equation (3.11) tends to 1 — ¢, for all z and & < F~1(7%). So equation (3.11)
becomes

F@)+1—-1)[F @) -F@©)] =t (4.1)

In contrast with the previous case, the representative small trader will now con-
sider his own signal (as opposed to the signal of the large trader) as approximately
equal to the fundamental. At the same time, he will be concerned with the poor
precision of the large trader information — recall that the behavior of the large
trader is crucial for the small traders’ payoff when the fundamental is between
and 0.

To understand (4.1), note that, if a small trader believes the fundamental to
be equal to 0, he can calculate the exact probability that the large trader signal

be below y*. Using (3.3), this probability is G (L;g) =1—t. What can a small

trader conclude, however, if his signal x; tells him that @ is different from 6? The
key is that, as the signal of the large trader is quite noisy, the probability &G (y%g>
will remain approximately constant for values of § around 6. Specifically, it will
be approximately constant and equal to 1 — ¢ for fundamentals in the interval
between @ and 6. Thus, the small traders will think that the probability of an
attack by a large uninformed trader is constant over the relevant range of the
fundamental.

In light of this consideration, the two terms on the left-hand side of the optimal
cutoff condition (4.1) have a simple intuitive explanation. The first term is the
expected gross payoff for values of the fundamental below §. The second term
is the expected gross payoff for 0 in the interval between @ and 0, allowing for a
constant probability (1 — ¢) of an attack by a large trader.®

From equations (3.1) and (3.2), we also have

A= (LX) (F(5) - F(®)+a (8. )

Writing & and § for the unique solutions to the pair of equations (4.1) (4.2), we
state our second proposition.

6Note that eq. (4.1) becomes F' (5) =tasd—6,and F (5) = ﬁ as § — —o0.
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Proposition 4.3. In the limit as £ — 0,
0—=A+(1-)(1-F())

_a’;* _
— 6

|

_O'
00—y

*

~ G
0—(1-X)(1~F ()

T

What do we know about 6 and 6?7 To address this question, we adopt the
following strategy. First, we combine the pair of equations in (4.1) and (4.2) as
to obtain an explicit expression for the value of ¢ as a function of ¢, A, § and §:7

o A= =XN[tF(6) —1]

t

T (- () F )

t

(4.3)

We have already established that 6 varies between the two boundaries F'~! () and
F1 (ﬁ) . We can therefore analyze the behavior of the function & (t, )\,5> as 6
varies between these two boundaries. Second, we use the results from this analysis
to draw conclusions about the behavior of § and § as ¢ — 0 for a finite 7.

Before proceeding further, note that the numerator of (4.3) is zero for § =
F1 ( ) Given that 6 is bounded from above by F'~ ( ) it is easy to verify
that this is a relevant solution only if A < ¢, that is to say, if the large trader is
not “too large”. Thus, in studying the function o (t, A, 3) we need to consider two
cases.

For a large trader with A > ¢, ¢ (t,)\,5> tends to infinity as &6 — F~'(t),
it is strictly positive for all § € (Ffl (t), ! (L», and tends to zero as § —

¢
1 (1 t) Thus we conclude that

hm3:F1<Tg9 (4.4)

o—0
implying that lim 6= —0o0

If, instead, the size of the large trader is such that A < ¢, then o ( A, ) tends
to infinity as 6 — F~ L(t), is strictly positive for all §e ( ( L )) and
equals zero when § = F~! (1 A) which is below the upper boundary for 6.% Thus,

“From equation (42)7 we obtain § = 1 (1 — (%) F (5)) Substituting into equation (42)
and re-arranging gives the expression in the text.

8We also note that & (t A 5) is strictly negative for all § € (F’l (ﬁ) r1 (ﬁ)) and

tends to zero as § — F~1 <ﬁ) but these values are not relevant for our analysis.
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we conclude that

_ t
lim 6=F ' ——]. 4.5
Jiny <1 - >\> (45)
This implies ;ji% § = F1 (1 — (%) ﬁ) = ! (%) We summarize the

relevant findings with the following corollary:

Corollary 4.4. If \>t, thenaso — 0,7 — 0 and £ — 0,

Y= A+ (1-=N) <1—:>,

- t
0 — )‘+(1_)‘)<1_1T>’
and — 1—X;

while if A\ <, then aso — 0,7 — 0 and £ — 0,

*

r — 1—-t Yy —1-t,

0 — 1—t, andf—1—1.

When A > ¢, the proportion of small traders attacking the currency when the
fundamental is at the threshold @ is equal to 1 — F'(§) = (1 — ﬁ) The proportion
of traders attacking the currency at 6 = 0 is therefore substantially lower than
the case discussed in the previous subsection. Despite the low precision of the
large trader information, however, its size still affects all the relevant thresholds.
The larger is A, the higher is the probability of a collapse.

Note that the distance between @ and @ is equal to A— (1—X) (ﬁ), so that the
difference between 0 and @ tends zero as the size of the large trader A approaches
t. The second part of our corollary establishes that this difference is identically
equal to zero for any X below £.° Most crucially, when X < ¢, varying the size of
the large trader does not affect the probability of the collapse. All optimal cutoff
points are independent of A.

The reason underlying these results reveals an important feature of the equi-
librium. A feature of the limit is that, at the switching point z*, a small trader
believes that the proportion of small traders attacking the currency is a uniformly

- 9In this case, * > 6 only for t € (%, %) The inequality reverses for smaller ¢. Instead, y* >
0 fort < %

19



distributed random variable with support over the unit interval [0,1]. Morris
and Shin (2000) dub such beliefs as being “Laplacian” and show that this is quite
a general property of binary action global games. Denote this random variable
by &. Since a large uninformed trader is perceived to attack the currency with
probability (1 — ), while the small traders’ information is arbitrarily precise, the
expected gross payoff from attacking the currency for a small trader receiving a
signal = (which, in the limit, coincides with 6) can be written as

2(x) =(1—1t) prob(A+ (1 —X)a>0) + t (prob(l —N)a >0)

Assuming that both A and ¢ are below 1/2; we can calculate the expected gross
payoff for different value of the signal as follows:

1 if 0<0
(1—t) + 1122 if 0<6<A
z(z) = (1—t) L 20 4 A<h<1-A
(1—1)=% if 1-A<0<1
0 if 1<0

Consider the case in which A is small relative to £. In this case, the cutoff point
x*, satisfying z(z*) = ¢, falls in the interval(A,1 — A). Small traders know that
their own mass is enough to cause a collapse of the peg, while the large trader
is behaving noisily. For a given z*, any change in the size of the large trader is
compensated by a change in the mass of small traders attacking the currency. As
mentioned above, the two thresholds 0 and § will coincide. If “Soros” is large
relative to ¢, instead, the optimal cutoff point will fall in the interval (1 — A, 1).
Then, differences in the size of the large trader can no longer be compensated by
changes in the mass of small traders attacking.

4.3. A comparison

We close this section by gathering together the various strands in our taxonomy
of cases, and providing a synthesis of what we have accomplished so far. We note
the following points.

The presence of the large trader induces the small traders to become more
aggressive sellers. When A = 0, the trigger point for the small traders is given by
z* = 1—1in the limit. When A > 0, this trigger point can be higher, irrespective
of the relative informational quality of the large trader. In particular, when the
large trader is well informed relative to the small traders (given by Corollary 4.2),
the small trader’s trigger point tends to

= A+ (1= (1—1). (4.6)
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This is strictly larger than 1 — ¢, and is increasing in the size of the large trader.

However, when the large trader is less well informed relative to the small
traders (given by Corollary 4.4), the impact of the large trader on the trading
strategies of the small traders is less pronounced. When A < ¢, the large trader
has no impact on the trading strategies of the small traders (since z* = 1 —1).
When A > ¢, the trigger point tends to

x*:A+@—A)Q—G%3>

2 (1=X)

= A+ (1=NA -0 -

which is lower than (4.6). Hence, the small traders are less aggressive sellers.

A

Figure 4.1: Trigger point z* as a function of A

The table below and figure 4.1 summarize the behaviour of the trigger point
x* as a function of A\. As the size of the large trader increases, the small traders
become more aggressive sellers.
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Table
Limiting properties of the equilibrium:
Equilibrium value of the trigger x* of small traders
by size and relative precision of the large trader

Size: | A >t t>A>0 ] A=0
Information
precision
2 — 1—t+ A 1—t+ XM |11
20 1—t+ X —12 =211 1t

We also observe that everything converges nicely to the two benchmarks cases
discussed in section 3. Regardless of the relative precision of information (i.e.
regardless of whether £ — oo or £ — 0), we have z*, ¥, 0 and @ all converging
tol—taso — 0,7 — 0and A — 0; and all convergingto 1l aso — 0, 7 — 0 and
A— L

Furthermore, if the large speculator’s signal is informative relative to the con-
tinuum speculators’ signals (i.e., if 0 — 0, 7 — 0 and £ — oo) then the con-
vergence is very smooth, and in particular z*, y* and @ are all linear in \. If,
instead, the large speculator’s signal is uninformative relative to the continuum
speculators’ signals (i.e., if ¢ — 0, 7 — 0 and £ — 0) then the existence of the
large speculator has no impact until his size crosses the threshold A.

5. Sequential Move Game

An important feature of large traders is their visibility in the market - a feature
that is only captured to a limited extent by our framework so far. Market partic-
ipants know the degree of precision of the large trader information, but have no
prior information about the exact speculative position of the large trader. In this
section, we explore the predictions of our model under a more general assumption
regarding observability of actions. Specifically, we let the speculative position
taken by any market participant to be observable by the rest of the market. We
will see that in equilibrium the large trader will have an incentive to move before
the others, so as to maximize his influence.

The analytical framework adopted in this section has essentially the same
features of the model presented in Section 2. The main difference is that, instead
of analyzing a simultaneous move by all traders, we now allow traders to take a
speculative position in either of two periods, 1 and 2, preceding the government
decision on the exchange rate. At the beginning of each period, each trader gets
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a chance to choose an action. However, once he has attacked the currency, he
may not do so again and may not reverse his position. So, each trader can choose
when, if at all, to attack the currency.

Traders receive their private signal (x; and y) at the beginning of period 1.
In addition, traders are now also able to observe at the beginning of period 2,
the action choices of other traders in period 1. Thus, traders can learn from the
actions of other market participants, and also use their own actions to signal to
other traders. We assume that individual small traders ignore the signalling effect
of their actions.!® Payoffs are the same as in section 2, and are realized at the end
of period 2. Payoffs do not depend on the timing of traders’ actions, i.e., there
are no costs of waiting.!!

5.1. Equilibrium

We begin by making two simple observations about timing incentives in the se-
quential move game. Small traders will always have an incentive to postpone
any action until period 2. Each trader perceives no benefit to signalling, because
he believes that he has no power to influence the actions by others by attacking
early. On the other hand, he will learn something by waiting to attack: he will
find out the large trader’s action and he may learn more about the state of the
world. There are no costs of waiting, but there is a weak informational benefit to
doing so. So it is a dominant strategy for each small trader to wait to period 2
before deciding whether to attack or not. But if small traders wait until period
2, the large trader knows that in equilibrium he can never learn from the actions
of the small traders. On the other hand, he knows that if he attacks in period 1,
he will send a signal to the small traders, and thereby influence their actions. In
particular, since the large trader is concerned with coordinating his actions with
those of the continuum of small traders, he benefits from signalling to the small
traders. Thus the large trader has a weak incentive to attack in period 1, if he is
ever going to attack. Given that small traders wait until period 2, it is a dominant
strategy for the larger trader to move early. For these reasons, we assume in the
analysis that follows that the large trader moves in period 1 and the small traders
moves in period 2.12

We first characterize trigger equilibria in this game. Suppose that the large
trader, acting first, chooses to attack only if his signal is lower than y*. If he

0T evine and Pesendorfer (1995) and others have provided formal limiting justifications for
this standard assumption in continuum player games.

HOur two period game is best interpreted as a discrete depiction of a continuous time setting,
in which the difference between the time periods is very small and represents the time it takes
traders to observe and respond to others’ actions.

12See Dasgupta (2000) for a formal analysis of the endogenous timing decision in this game.
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does not attack in period 1, small traders that receive a low enough signal may
nonetheless attack the currency, thinking that they can bring the currency down
alone. This will define a threshold x* for the signal of small traders, below which
these would attack in period 2 even if the large trader has not attacked in period
1. But if the large trader does attack the currency in period 1, then of course
this sends a signal to the small traders that (based upon his information) the
large trader believes the economy to be weak enough to risk speculating. When
the large trader attacks in period 1, small traders would therefore be inclined to
attack for a larger range of signals they might receive. This defines a different
threshold x* for their signal, where in equilibrium z* < z*. We should note here
that these thresholds need not be finite. As shown below, there are situations
in which the move by the large trader in period 1 will completely determine the
behavior of small traders.

Since traders’ signals are correlated with fundamentals, corresponding to these
triggers are critical mass conditions, i.e. threshold levels for the fundamentals
below which there will be always a successful attack. As before, we can derive
two conditions, depending on whether the large trader participates in the attack,

(0), or not (8). )
A trigger equilibrium is then a 5-tuple (y*,g*,i*,ﬁ, 8). The equilibrium con-
ditions described above now become:

e y* solves the equation

Pr(0<0|y=y")=t (5.1)

e x* solves the equation
Pr(0<@|ly>y" andaz;,=2") =t (5.2)

if a solution exists. If the LHS is strictly larger than the RHS for all z;,
* = 00. Conversely, if the LHS is strictly smaller than the RHS for all z;,

* = —o0.

SIS

e I* solves the equation
Pr(0<0|y<y andaz;=1") =1t (5.3)

if a solution exists. If the LHS is strictly larger than the RHS for all z;,
T* = 0o. Conversely, if the LHS is strictly smaller than the RHS for all z;,

ot

Tt = —oc.
e 0 solves the equation

(1— N Prle;<z" |[0=0)=0 (5.4)
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e 0 solves the equation

A (1=N)Pr(z; <7 |0=0)=10 (5.5)

To solve the model, recall that, in our setting, the information system and the
definition of the large trader’s signal implies

Yy = x;+Tn— 0%
v o= 0—-1G(1)
Now, consider a small trader’s posterior probability assessment of a successful

attack conditional upon observing the large trader attack in period 1 and the
signal z;. Using the above expressions, such probability can be expressed as

Pr(0<0|y<y)

= PI‘ <€ZZ

™ —0g; <0 — x; — TGl(t)>

We can thus derive Z* by solving the following equation

Pr (a > *(;9 LT —0g; <0 — T — TG’l(t))

Pr (1t —0g; <0 — 1 —7G1(1))

R

—¢ (5.6)

By the same token, x* can be derived by the analogous condition for the case in
which the large trader has not attacked the currency in period 1:

Pr (Q > % TN —0g; <0 — 2% — TG’l(t))
Pr (1t —0g; <0 —z* —7G1(1))

—¢ (5.7)

It is apparent that neither of these equations can be solved in closed form in the
general case, without making further parametric assumptions on the distribution
functions of the error terms. Using our specification, we can however proceed
to analyze limiting results for the different relative precision of the large trader
information relative to the rest of the market.

5.2. The role of signalling

Adopting the format of Section 3, we now discuss the limiting properties of the
model allowing for differences in the information precision across traders of dif-
ferent size. We consider first the case of a large trader who is arbitrarily better
informed than small traders. The following proposition summarizes our result.
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Proposition 5.1. As £ — oo, there is a unique trigger equilibrium in I", with

-y —1
P At
r — o
¥ — —oo
0 —
0 — 0

Proof: We first rewrite equation (5.6) as

Pr (gi s Iefl(t))
=1

o 7o o o

Pr(Zn—e < 52 - 2G(1)

Taking the limit as £ — 0, the LHS tends to

which is equal to 1. Thus, in the limit there is no solution to the above equation.
Since t < 1, we use the definition of Z* to set Z* = co. We can then substitute z*
into equation (5.5) to derive § = 1. Symmetric arguments establish that z* = —cc
and 0 = 0. Thus using the definition of y*, we get y* =1 — 7G ().

In words, this result says that, when the large trader is arbitrarily better
informed than the small traders, they follow him blindly, and therefore, he com-
pletely internalizes the payoff externality in the currency market. This type of
equilibrium corresponds to the strong herding equilibrium in Dasgupta (1999),
where all the followers ignore their information completely.

This result implies that, when actions are observable, a relatively well-informed
large trader can (but not always will) make small traders either extremely aggres-
sive in selling a currency, or not at all aggressive. His influence in this case is much
larger (as should be true, intuitively), in comparison to the case of a simultaneous
move game, analyzed in the previous section.

Notably, the size of the large trader never appears in the expressions that
define the unique trigger equilibrium. The distinctive feature of a large trader is
that he does not ignore the signalling effect of his actions. What emerges from
our result is that, when he is significantly better informed than the small traders,
his absolute size is irrelevant.

The following proposition states our results corresponding to the case in which
the large trader is less precisely informed than the rest of the market.
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Proposition 5.2. As £ — 0 there is a unique trigger equilibrium, with

A+ (1 =XN(1—-t)—y

— G Y1)
A+(1—A)T(1—t)—z* L
<1—A>0<10—t>—z* I
0 — X+(1-N(1-10
0 — (1-N(1-1)

Proof: Rewrite equation (5.6) and taking limits as £ — 0, we get

Pr (gi >0y at G*l(t))

ag T

Pr (n <o G*l(t))

=1

which, given independence of £; and 7 implies that
Tr=0—-oaF (1)
Combining with equation (5.5) we get
0—A+(1—=X)(1-1)
Thus
T A+ (=N (1—t)—cF (1)
The remaining quantities are then uniquely defined.

In words, this proposition means that even a relatively uninformed large trader
attempts to influence the market. However, since he does not have any informa-
tional signalling ability, his actions affect the equilibrium outcome of the game
only inasmuch as his size is relevant. Intuitively, as his signal is quite noisy, he
cannot reduce the small traders’ uncertainty about the fundamental. By moving
first, however, he can eliminate uncertainty about his action. If, in addition, we
suppose that ¢ — 0, then

T —1—t+ X\

Observe that as A — 0, the equilibrium triggers converge exactly to the case in
which the large trader does not exist.

27



5.3. A synthesis of our results

We are now in the position to offer a complete overview of our results, and reach
some conclusions about the role of a large trader in a currency crisis. As explained
in the introduction, there are three main elements in our theory: size, information
precision and signalling.

Focusing on the limiting properties of our equilibria, the following table presents
the equilibrium value of the trigger for small traders in the different cases discussed
above.

Table
Limiting properties of equilibria
Equilibrium trigger for small traders by relative precision of information
Large trader is: | informed uninformed
E—00=0]C—000-0

Actions are:

rr=1—1—M—1212 if A>1
=1 —1t1— 1—t
unobservable T 1—t— Xt 1t A<t
=0 Tr=1—1t+ At
observable = —0o 2= (1—1)(1- N

In each column of the table, the two thresholds Z* and z* in the game where
actions are observable are higher and lower, respectively, than the corresponding
threshold z* derived in our game with unobservable action. In other words, re-
gardless of the relative precision of information, a large trader can have a much
larger influence in the market if he is able to signal to small traders.

As discussed above, the size of the large trader is irrelevant in the sequential
move game when the large trader is relatively well informed — this case corresponds
to the bottom left cell of the table. What matter here is not the size per se, but
the signalling ability associated with size. Conversely, size matters in all other
cases.

Reading the entries on the main diagonal of the table, observe that the critical
signal (z*) in the unobservable action, information larger trader case is equal to
critical signal contingent on the larger trader have attacked (Z*) in the observable
action, uninformed large trader case. This equality provides an interesting link
across the two games. When actions are not observable, small traders do not
expect a better informed trader to “add noise” to the game. Their problem is to
estimate the fundamental as well as possible, given their own signal. When actions
are observable, the potential noise added to the game by a relatively uninformed
large trader is eliminated by his moving first. So, also in this case, the problem
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of the smaller traders is the same as above, i.e. to estimate the fundamental as
well as possible given their own information.

6. Concluding Remarks

Economists and policy makers have long debated whether speculation, especially
speculation by large traders, is destabilizing. In our model, a large trader in
the market may exacerbate a crisis, and render small traders more aggressive.
Figure 4.1 illustrates this well. The small traders’ trading strategies as defined
by the switching point x* become more aggressive as the size of the large trader
increases. However, the relative precision of the information available to the
traders affects this conclusion. If the large trader is less well informed than the
small traders, this effect may be quite small. Finally, the influence of the large
trader is magnified greatly if the large trader’s trading position is publicly revealed
to the other traders, although this result also must be qualified by the relative
precision of information of the two types of traders.

Crucial to our conclusion is the assumption that the large trader stands to
gain in the event of the devaluation. This may not be an assumption that is
widely accepted. If the large trader is an investor with a substantial holding of
assets denominated in the currency under attack (say, a U.S. pension fund with
equity holdings in the target country), he may prefer that an attack not occur,
even though, if he thinks the attack is sufficiently likely he will join the attack.
In such a case, the presence of a large trader will have the opposite effect, making
attacks less likely. This points to the importance of understanding the initial
portfolio positions of the traders in such instances.

Our analysis also abstracted from a large trader’s incentive to take a position
discreetly in order to avoid adverse price movements. If this effect were important,
a trader would have an incentive to delay announcing his position until it is fully
established. But even once a trader has established his position, he may prefer
to avoid public disclosures when he is holding a highly leveraged portfolio in
possibly illiquid instruments. One of the motivations for the call for greater public
disclosures by banks and hedge funds (see Financial Stability Forum (2000)) is
the idea that if leveraged institutions know that their trading positions are to be
revealed publicly, they would be wary of taking on large speculative positions.
The recent decisions by several well known fund managers (Mr. Soros being one
of them) to discontinue their ‘macro hedge fund’ activities raise deeper questions
concerning the trade-off between the sorts of mechanisms outlined in our model
against the diseconomies of scale that arise due to the illiquidity of certain markets.
It is perhaps not a coincidence that the closure of such macro hedge funds comes
at a time when many governments have stopped pursuing currency pegs and other
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asset price stabilization policies.
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