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Abstract

When a currency 1is susceptible to a self-fulfilling
speculative attack, some informational events will trigger an
attack on the currency while others will not. We address some of
the mechanisms behind this difference. We show that a large piece
of bad news need not lead to an attack, provided investors agree on
how to interpret that news. On the other hand, an apparently
insignificant piece of news may trigger an attack if investors do
not agree on how to interpret the news. The key to this difference
is the operation of higher order beliefs. Uncertainty about the
beliefs of others depends on subtle features of the information
structure, and even small disparities in interpretation lead to

large changes in the equilibrium outcome.
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My own feeling is that we do not-so much need a model of the
self-fulfilling crisis, but rather a model of the self-validating non-crisis,
to explain why the market is willing to go along with supporting a
rate that later comes under pressure without any change in the fun-
damentals, as certainly happened during the ERM crisis. The reason
surely is that no individual asset-holder sees any benefit in shifting out
of a currency just because he thinks it is overvalued; it makes sense
to join the bandwagon only when one believes it has started to roll
(or, for the cautious, that it is about to roll). I have to leave it to
others to decide whether one can build any interesting modelling on
this proposition. (Williamson (1994), pp. 19-20).

1. Introduction

Current understanding of currency crises rests on a dichotomy. In this dichotomy,
currency attacks are driven either by weak fundamentals or by self-fulfilling beliefs
in the presence of multiple equilibria. Fundamentals driven models (such as those
of Krugman (1979) and Flood and Garber (1984a)) consider simple macroeco-
nomic models with a unique equilibrium, where the government policies are un-
sustainable in the long run. The question boils down the timing of the collapse if
a collapse is bound to occur. - .

Models with self-fulfilling beliefs (Flood and Garber (1984b) and Obstfeld
(1986), among others) examine situations with multiple equilibria. Because the
behavior of the monetary authorities will alter following an attack on the currency,
an attack on an otherwise sustainable exchange rate can be self-fulfilling. A
number of recent currency crises have refocused attention on the self-fulfilling
beliefs scenario. The turmoil in the Exchange Rate Mechanism (ERM) of the
European Monetary System in 1992 occurred in a system where it had been
widely believed that political forces would sustain existing parities, and in which
there had been no recent change in the fundamentals (Eichengreen and Wyplosz
(1993)). In Mexico following the December 1994 crisis, U.S. policy was explicitly
based on the premise that the attack outcome was just one possible equilibrium
outcome (Summers (1995)).

Unfortunately, as Williamson points out in the opening quote above, the self-
fulfilling beliefs scenario raises as many questions as it answers. By most accounts,
both the ERM and the Mexican peso were “ripe” for attack for a long time before



the crises that brought them down - at least two years in Europe and perhaps a
year in Mexico (Dornbusch and Werner (1994)). That is, at any point in those
periods, concerted selling by investors would have raised the costs of maintaining
the exchange rate policy sufficiently high that the abandonment of the policies
would have been forced on the monetary authorities. Once they were abandoned
even temporarily, governments would not have had the incentives to restore the
pre-crisis parities. Thus attacks would have created profits. Why did the attacks
not happen sooner? In a world of multiple equilibria and self-fulfilling attacks,
what explains the onset of currency crises?

We will address these issues in a model in which the monetary authority is itself
an interested party in an interaction with investors. We suppose that maintaining
a fixed exchange rate produces some benefit to the government, either through the
often cited beneficial disciplinary impact on inflation or simply because of political
reputations at stake. The account in our model is couched in terms of the United
Kingdom’s experience in the 1992 ERM crisis. In our account, the sustainability
of the exchange rate target depends on, among other things, some underlying
fundamentals of the economy. If the economy is in a sufficiently favorable state,
the target exchange rate can be maintained without cost even if all investors sell
their stocks of currency. In this case, we say that the exchange rate is stable. On
the other hand, if the economy is in a sufficiently bad state, the cost of sustaining
the policy exceeds the benefit even if investors support the currency. In this case,
we say that the exchange rate is unstable. However, we will be most interested
in an intermediate case. Suppose that in the absence of an attack by investors,
the government is prepared to incur the costs of defending the currency; but if
enough investors sell, the cost of intervention is too large for the government to
bear. Then we say that the currency in question is ripe for attack.

One reasonable premise is that both the ERM and the Mexican peso were
ripe for attack and had been for some time. The story with multiple equilibria is,
of course, consistent with this premise, but provides no explanation of why the
attacks occurred when they did. In other words, the simple multiple equilibrium
account provides no explanation of the onset of the currency attack. When in-
dividuals have common knowledge concerning the fundamentals, an explanation
of the onset of currency attacks must appeal to ad hoc shifts in the equilibrium
and the attendant equilibrium expectations. This is clearly unsatisfactory, unless
there is an account of why expectations underwent such a shift and how individ-
uals managed to coordinate such a shift.



We believe that a more promising line of inquiry is to consider what happens
in the model if the state of the economy is no longer common knowledge. By
analyzing the effect of alternative information structures on equilibrium,; we may
hope to identify what kind of informational events lead to currency attacks.

First, it should be noted that imperfect information, by itself, does not help
us in explaining the onset of a crisis. If all investors observe a public signal
concerning the true state of the fundamentals, then even though this signal may
not give an accurate snapshot of the fundamentals, it is nevertheless the case
that the content of the signal is common knowledge, and the description of the
environment is thereby commonly known. In such situations, nothing much can
be said beyond the existence of multiple equilibria.

Things become more interesting when there is differential information among
the market participants, but the nature of the differences in information turns out
to be crucial. An uninteresting case of differential information would be: each in-
vestor observes the true state of the economy with high probability; but with some
small probability observes an incorrect signal, where the errors are independent
across investors. In this case, as with the public signal, there is a multiplicity of
equilibria, and no new insights are gained. In this sense, the existence of multiple
equilibria is robust to various departures from perfect information. In particular,
the fundamentals of the economy may deteriorate without precipitating an attack
as long as the exchange rate is widely believed not to be unstable.

However, as we shall demonstrate, the situation is highly sensitive to the exact
nature of the differential information. Suppose that each investor observes the true
state of the economy with some noise. In particular, suppose that, conditional
on the true state, the realizations of investors’ signals are independently and
uniformly distributed within ¢ of the true state. When differential information
takes this form, and when transactions costs are small, it can be shown that
the target exchange rate must now collapse not only in the case in which it is
unstable but also if it is ripe for attack. Among other things, this implies that the
multiplicity of equilibria disappears, and holding on to the currency is no longer
an equilibrium action. Thus, an equilibrium argument provides an explanation of
the onset of a currency attack.

What explains the difference between the two differential information struc-
tures? Why does an arbitrarily small amount of differential information have no
effect in one case but guarantee an attack in the other? Qualitatively, the differ-
ence is that in the first case there was a high probability that investors got exactly



the same information and interpreted it in the same way. In the second case, the
investors got almost (but not exactly) the same information with probability one.
Thus there is uncertainty about how to interpret the information. It is uncertainty
about how to interpret information that leads to a currency attack. As a case in
point, much ink has been spilt.since the 1992 ERM crisis concerning the support
(or the lack thereof) offered by the Bundesbank. The fact that commentators
still disagree on this issue is an indication that disparities of interpretation still
exist. As we argue below, even small (and apparently insignificant) differences in
information can generate large shifts in the equilibrium response.

The paper is organized as follows. In section 2, we present the basic framework.
In section 3 we analyze the impact of differential information and provide a formal
description of the mechanism driving the onset of a currency attack as sketched
above. The proofs of the main results are contained in section 4. Sections 5 and
6 contain discussions of the results and their implications.

2. The Model

2.1. The Framework

Our model is concerned with the interactions between the U.K. government and a
group of speculators who operate in the foreign exchange market. The backdrop
for their actions is a competitive sector in the foreign exchange market whose net
demand for sterling can be written as

D (e,0). 21)

Here, e denotes the deutschemark/sterling exchange rate (i.e., the number of
deutschemarks that can be obtained for one pound sterling), so that a high e
represents a ‘strong pound’ in common parlance. We do not model explicitly the
portfolio decisions of individuals in the competitive sector, but simply assume that
the net demand for sterling is strictly decreasing in e. The net demand for sterling
also depends on @, where 6 represents some underlying fundamental ‘state of the
economy’ for the U.K. such that the net demand for sterling is strictly increasing
in 6.

It may be convenient to view 6 as the level of domestic output in the U.K., so
that a high 0 is associated with a high transactions demand for sterling. However,
our arguments in this paper do not presuppose any particular account of the
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macroeconomy, and alternative interpretations may be borne in mind, provided
that the net demand for sterling is increasing in 6 and decreasing in e. We will
assume that 6 may take any value between 0 and 1, and that the actual value of
0 is drawn from a uniform distribution on the unit interval [0,1]. Against this
backdrop, we introduce a continuum of risk-neutral arbitrageurs, each of whom
is small relative to the total population. The arbitrageurs start out by holding
sterling balances. We normalize the total sterling balances of the arbitrageurs to
be 1, and denote by s the aggregate sale of sterling by them.

In the absence of government intervention, the floating exchange rate is deter-
mined by market clearing in which any sale of sterling by the arbitrageurs is met
by a positive net demand by the competitive sector. We will denote by

f(0,s) (2.2)

the exchange rate e at which the net demand D(e, 6) of the competitive sector is
matched by the sale s of sterling by the arbitrageurs. In other words, f(0,s) is
the value of e that sets D(e, )= s. Since net demand for sterling is increasing in
0, the floating rate f(6, s) is increasing in 6 and decreasing in s. ‘

We now turn to the motivation of the U.K. government. Suppose that the
government has an exchange rate target of e*. Maintaining this target exchange
rate has a per-period value of v > 0 to the U.K. government, perhaps because of
its anti-inflationary impact, or more simply, because of the political reputations
at stake. However, intervention in the foreign exchange market is costly for the
government. We will suppose that the cost to the government of intervening in the
market by buying z pounds sterling is c(x). For instance, the government may
have to borrow reserves, possibly at premium interest rates, in order to intervene
in the market. Along more Keynesian lines, the cost of intervention could also
be interpreted as the cost of higher U.K. interest rates (necessary to defend the
target exchange rate) on domestic output and income. For simplicity, it will be
assumed that intervention to rectify a positive net demand for sterling is without
cost. In this case, we assume that the government can simply accumulate foreign
reserves.

Thus, the function c(.) is such that c(z) = 0if 2 < 0 and that ¢ (z) is positive
and strictly increasing in = when z is positive. To avoid trivialities, we assume
that if the size of intervention is large, the cost exceeds the value v of maintaining
the target. In particular, if the state of the economy 6 is at its minimum (6 = 0),
the net supply of sterling by the competitive sector alone is too large for the
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government to intervene willingly in support of the target rate e*. That is,
c(=D (e*,0)) > v. (2.3)

We define three regions for the value of §. First, let §* be the value of 8
such that ¢(—D (e*,0) + 1) = v. The quantity —D(e*,6) + 1 is the net supply
of sterling at the state § when all the arbitrageurs sell their holdings of sterling.
Thus, when the state of the economy is 6*, even if all the arbitrageurs sell their
sterling balances, the government is indifferent between intervening to maintain
the target rate e* and allowing sterling to depreciate.

Next, define 6, to be the value of 6 which solves ¢(—D (e*,0)) = v. That
is, 0. is the value of @ at which, even if all the arbitrageurs hold on to their
sterling balances, the government is indifferent between intervening to maintain
the exchange rate at e* and allowing sterling to depreciate. When the value of
6 lies below 6., the government strictly prefers not to intervene. Since the cost
of intervention is increasing in the size of the net supply of sterling, we have
0 < 6, < 6* < 1. Thus we can identify three possible regions for the value of 0
(see figure 1). :

® We say that 0 lies in the stable region if @ € [9*, 1]. In this case, the exchange
rate target will be maintained, since the cost of government intervention is
outweighed by the payoff v. In this region, the actions of the arbitrageurs
cannot influence the government’s choice, since even if they were to sell their
entire sterling balances, the cost of intervention is less than the benefit v.

® We say that 0 lies in the unstable region if 8 € [0,6,]. In this case, while it
may be possible (physically) for the government to maintain the target rate,
the cost outweighs the benefit, and it will choose not to intervene. This is
the case irrespective of the actions of the arbitrageurs, since the net supply
of the competitive sector is already too large for the government to intervene
willingly.

e Finally, we say that 0 lies in the ripe for attack region if 6 € (6+,6%). In
this case, the government’s decision on intervention depends on the actions
of the arbitrageurs. If all the arbitrageurs sell their holding of sterling,
the floating exchange rate is not compatible with the target rate, and the
government will allow a depreciation. However, if all the arbitrageurs hold
on to their sterling balances, the benefit to the government of maintaining
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the exchange rate at e* exceeds the cost. In this case, the government will
choose to maintain the exchange rate of e*.

As we develop the model, this tripartite distinction will remain crucial. For
any value of 6 in the ripe for attack region, the government prefers to maintain the
target rate of e* provided that no more than some fraction « (9) of arbitrageurs sell
their sterling balances. We will call a(f) the trigger mass at the state . As the
terminology suggests, the fraction (f) represents the proportion of arbitrageurs
who need to sell their sterling holdings in order to precipitate a depreciation of
sterling. Since the net demand of the competitive sector is increasing in 6, the
trigger mass a(f) is increasing in 6, a(6,) = 0, and «(6*) = 1.

We will impose a condition on the floating rate f(0,s) to the effect that, if
the government is forced into a devaluation when 0 is low, the extent of the
devaluation is larger than if the devaluation takes place when 6 is high. In other
words, when the fundamentals are weak, any forced devaluation results in a lower
exchange rate than when the fundamentals are strong. Formally, we can express
this condition by saying that the function

f(@, a(0)) (2.4)

is (weakly) increasing in 0.

The motivation behind an arbitrageur’s decision can be understood in the
context of this model. Because an arbitrageur is small relative to the population
and is risk-neutral, it is without loss of generality to consider the arbitrageur’s
choice to be binary — that is, to sell one’s sterling holdings or to hold on to
it. The decision to sell sterling incurs a per unit cost of ¢ > 0 for an individual
arbitrageur. This cost may be interpreted either as a standard transactions cost,
or as a tax on transfers of capital if such a tax were to exist.

The payoff of an arbitrageur to holding sterling depends on whether the gov-
ernment maintains the target rate e* or whether sterling is allowed to depreciate
to find its floating rate. If the government maintains the exchange rate at e*, an
arbitrageur’s payoff to holding sterling is normalized to zero. If the government
does not defend the exchange rate so that sterling is allowed to find its floating
rate f, the payoff to holding sterling is given by

f—€, (2.5)



the difference between the floating rate f and the target rate e*. The payoff of an
arbitrageur to selling his holding of sterling is given by the constant

—t (2.6)

)

and does not depend on the value of §. Thus, the act of selling sterling guarantees
a fixed payoff at all states of the economy.

2.2. A Benchmark Case

If the government and all the arbitrageurs are able to observe the realization of
the state of the economy 6 perfectly, we can characterize the situation in terms of
the following extensive form game of perfect information.

e Nature chooses the true state of the economy 6 in accordance with the
uniform distribution.

e The arbitrageurs and the government observe the value of 6 perfectly. Each
arbitrageur then decides whether to continue to hold sterling. This deter-
mines s, the aggregate sale of sterling by the arbitrageurs.

e The government, having observed s and 6, decides whether to defend the
target rate of e*. When the government has made its decision, the exchange
rate is determined, and the participants (the government as well as the
arbitrageurs) receive their payoffs as described above.

The analysis of the case when all participants have perfect information con-
cerning 6 constitutes a benchmark for our main discussion below. The outcome
in equilibrium falls under three cases, depending on the value of §. If 0 lies in
the stable region, the target rate e* is maintained irrespective of the actions of
the arbitrageurs. Hence, for an individual arbitrageur, it is a dominant action to
hold on to one’s sterling balances. In contrast, if @ lies in the unstable region,
then the floating rate will be below the target rate, irrespective of the actions
of the arbitrageurs. Hence, it is a dominant action for an arbitrageur to sell his
sterling balances. The interesting case is when 6 lies in the ripe for attack region.
Here, the equilibrium exchange rate depends on the actions of the arbitrageurs.
If all of them were to sell, the government prefers to allow a depreciation, and
the resulting payoff to holding sterling is negative. If all of them hold on to their
sterling balances, the government prefers to defend the target rate.
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Given the anticipated response of the government to their actions, the arbi-
trageurs face a coordination game. If all of them could be relied on to hold on to
sterling balances, a depreciation can be averted. Thus, one equilibrium in the ripe
for attack region is for all arbitrageurs to hold on to sterling. However, from the
point of view of an individual arbitrageur, if all others sell their sterling holdings
(thereby precipitating a depreciation), and if the transactions cost t is small, it is
in his interest to sell his own sterling balances. Thus, the ripe for attack region
gives rise to multiple equilibria when the arbitrageurs observe 6 perfectly. We will
now see how the analysis may change when they have imperfect and differential
information.

3. Imperfect and Differential Information

Before introducing our main analysis, it is useful to discuss two alternative situa-
tions in which imperfect information does not introduce any qualitative departures
from the benchmark case of perfect information. They are cases of ‘innocuous’
departures from perfect information, and we label them as ‘symmetric imperfect
information’ and ‘well-behaved differential information,’ respectively. They will
serve to accentuate the impact- of our main framework.

3.1. Symmetric Imperfect Information

Instead of observing the true state of the economy, suppose that all arbitrageurs
observed a public signal whose realization is distributed within ¢ of the true state
i.e., in the interval [§ — ¢,0 + €. Denote the common message as . Now their
decision to sell will be a function of the message m, not the true state. However,
the fact that the message is public implies that the content of the message is
common knowledge. Indeed, if m € [0, +¢€,0" — g], then it is common knowledge
that 0 is in the ripe for attack region, and multiple equilibria will continue to
exist. Qualitatively, the analysis is identical to the benchmark case with perfect
information.

3.2. Well-Behaved Differential Information

Now suppose that each arbitrageur observes one of two sighals. The first signal
reveals the true state without error, and each arbitrageur has access to this signal
- with probability p. However, with probability 1 — p, an arbitrageur observes a
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signal that is completely uninformative, whose realization is drawn uniformly from
the interval [0, 1], independent of the state. Moreover, the probability of observing
one signal as opposed to another is independent of the type of signal observed by
the others.

This scenario is intended to depict a state of affairs where each arbitrageur
may have access to good information or to no information at all. However, when
p is close to 1 there is again no qualitative change in the conclusions from that
with perfect information. Each arbitrageur’s decision to sell is now a function of
the (individual) message he receives. But for any 6 in the ripe for attack zone,
there will be a p sufficiently close to 1 such that there is an equilibrium where no
one attacks if they observe message 6. The reason is that, as long as t is strictly
positive, whenever all other arbitrageurs hold on to their sterling balances, it is
a strict best response for an arbitrageur to hold on to sterling himself. Thus,
provided that p is large enough, the strategy in which an arbitrageur holds on to
sterling for every realization of the signal in the ripe for attack zone is a symmetric
equilibrium strategy.

Thus far, the departure from perfect information does not introduce any qual-
itative departures from the benchmark case. However, we now turn to our main
framework in which the differential information brings about a fundamental shift
in the character of the outcome. We call this the case of ‘noisy differential infor-
mation.’

3.3. Noisy Differential Information

Suppose that the arbitrageurs obtain independent information concerning 6, but
with a small degree of possible error. In particular, assume that if the true
state of the economy is 6, an arbitrageur observes a message m that lies in
the interval [0 —¢,0 + €], where € is a small positive number. (In particular,
e < min {f,,1 — 6*}). Moreover, we suppose that the distribution of the possible
messages received by an arbitrageur conditional on @ is uniform on the interval
[0 —€,0 + €], and that messages (conditional on 6) are independent across arbi-
trageurs.

The game is as before, except that now arbitrageurs’ decisions are made con-
tingent on their signals. For simplicity, let us focus on a simple class of equilibria.
A k-trigger strategy is a rule of action for an arbitrageur in which, if the mes-
sage received is below k, the arbitrageur sells his holding of sterling, while if the
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message received is at or above k, he holds on to his sterling balances. We will
examine the properties of symmetric equilibria in trigger strategies, that is, equi-
libria in which all arbitrageurs employ identical trigger strategies. A symmetric
equilibrium in which all arbitrageurs employ the k-trigger strategy is dubbed a
k-trigger equilibrium. Two properties of trigger equilibria may be summarized by
the following pair of results.

Theorem 1. For any k € (0, + ¢,6* — ), there is a unique tax rate t > 0 such
that the k-trigger strategy is a symmetric equilibrium strategy.

Theorem 2. For any message m € (0, +¢,0* — ), there is a number to > 0
such that, if the tax rate t is lower than ty, then in every trigger equilibrium, all
arbitrageurs sell their sterling holdings given message m.

The first result may be interpreted in the following way. The interval (6* +
g,0* — €) is of some significance in our model since, if an arbitrageur receives a
message in this interval, he knows that his message differs from the true state 6 by
at most €, so that he knows that the true 6 lies in the ripe for attack region (6., 6*).
Thus, theorem 1 states that, for any message k that informs an arbitrageur that
the true state is in the ripe for attack region, there is an appropriate tax rate
(which is unique, given k) for which this message is the trigger point in a trigger
strategy equilibrium. In short, any trigger strategy in this class can be supported
by the appropriate tax regime.

The second result depicts a state of affairs that is a significant departure from
the case with perfect information. With perfect information concerning 6, any
point in the ripe for attack region gives rise to a strict equilibrium in which all
arbitrageurs hold on to their sterling balances. Theorem 2 states that when there
is noisy differential information, and an arbitrageur knows that the true 0 is in
the ripe for attack region, if the tax rate is low, the only action in equilibrium
is to sell. Thus, even though an arbitrageur knows that @ is consistent with the
target exchange rate, it is not possible to hold on to sterling as an equilibrium
action. Arbitrageurs are compelled to sell by equilibrium logic.

The formal argument for these results are gathered in the next section. How-
ever, before plunging into the formal argument, it is worth pausing to think about
these results. Why did the noise have such a large impact? The key to our result
is that, with noise, no matter how small ¢ is, it is never common knowledge that
the exchange rate is sustainable. Suppose that you observe a signal m; which is
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much greater than 6,. For small e, you know that the true value of # is much
greater than 6,, and you know-that all the other arbitrageurs know this too. But
it is not common knowledge. Let us show why.

When do you know that 6 > 6,? If you observe a signal greater than 6, + &.
When do you know that everyone knows that 0 > 6,7 Equivalently, when do you
know that everyone has observed a signal greater than 6, +¢? Since others’ signals
can differ from yours by at most 2¢, this will be true if you observe a signal greater
than 0, + 3e. This argument is clearly one that will iterate to ensure that there is
“nth order knowledge” that 6 > 0, (i.e., everyone knows that everyone knows...
(n times) that everyone knows it) exactly if everyone has observed a signal greater
than or equal to 6, + (2n — 1)e. But there is common knowledge that 6 > 6, if
and only if there is nth order knowledge for every n (that is the definition). Thus,
it is never common knowledge that 6 is not in the unstable region.

To see why a failure of common knowledge may be important, it is instructive
to contrast the role of uncertainty in strategic situations from that in single person
decision problems. In a single person decision problem, payoffs are determined
by one’s action and the state of the world. When a decision maker receives a
message that rules out some states, this information can be used directly by
disregarding these states in one’s deliberations. However, the same is not true
in strategic situations in which the payoff of an agent depends on the actions of
other agents, as well as the state of the world. Since my payoff depends on your
actions and your actions are motivated by your beliefs, I care about the range
of possible beliefs you may hold. So, when I receive a message that rules out
some states of the world, it may not be possible to disregard these states in my
deliberations, since some of these states may carry information concerning your
beliefs. Furthermore, your beliefs at these neighboring states may depend on your
beliefs concerning my beliefs at a further set of states. The reasoning does not
stop here. Unless there is some feature of the situation that curtails this sequence
of iterated beliefs, higher order beliefs of all orders will be relevant for my decision
now. Thus, in contrast to the single person decision problem, I may be forced
to take into consideration states that are known not to have occurred. In short,
even though everyone knows that an exchange rate parity is sustainable, they are
forced into taking into consideration what they would have done if the parity is
unsustainable.

For simple 2 x 2 games or for two player finite action games, game theorists
have explored this theme in some detail (see Monderer and Samet (1989), Carlsson.
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and van Damme (1993) and Morris, Rob and Shin (1995)). For such games, it
has been established that, without common knowledge of payoffs, there will be
a tendency for the “safer” equilibrium to be played. That is, players choose an
action that gives a reasonable payoff even if other players do not play according
to equilibrium. In our more complex game, something of the same flavor comes
through. Selling sterling could be seen as a safer act in the sense that the payoff
is less sensitive to what others do. Holding on to sterling may yield higher payoffs
if everyone can coordinate their actions, but it is a riskier act in the sense that
the higher payoff is obtainable only if coordination is achieved.
With these preliminaries, we proceed to prove our two theorems.

4. The Argument

In proving our pair of results, we need some preliminary groundwork. Let us first
outline the consequences of all arbitrageurs using a trigger strategy. If arbitrageurs
use the k-trigger strategy, the aggregate sale of sterling by them will depend on
how many of them have received a message that is below k. If the true 0 is below
k — €, then all arbitrageurs will have received a message that is below k, and
hence will sell sterling. Similarly, if the true @ is above k + ¢, the aggregate sale
of sterling is zero, since all arbitrageurs will have received a message above k. In
general, if we denote by

s(0,k) (4.1)

the aggregate sale by the arbitrageurs at the state § when they employ the k-
trigger strategy, s(6,k) is given by

0 if0>k+¢

s(0,k)=4¢1 f0<k—e (4.2)
bted ifk—e<f<k+te

Figure 2 illustrates s(6, k) as the shaded area under the density function to the
left of k. By substituting the function s(6, k) into the expression for the floating
exchange f(0, s), we obtain an expression for the floating exchange rate at state 0
when the arbitrageurs use the k-trigger strategy. For a given k, this floating rate
is a function of @ and is given by f(6,s(6, k)). Figure 3 illustrates this function as
the bold line that straddles the functions f(6,1) and f(6,0).

[Figure 3 here]
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Since the floating exchange rate is increasing in 6 and decreasing in the sale of ster-
ling by the arbitrageurs, while s(6, k) is decreasing in 6, the function f (6,5(0,k))
is increasing in 6.

Although f gives the exchange rate that would rule in the absence of govern-
ment intervention, the actual payoffs for the arbitrageurs will be determined after
the government has decided whether to intervene. Thus, when arbitrageurs decide
on their optimal action, they anticipate how likely it is that the government will
intervene. The government defends the target rate e* unless the cost of interven-
tion exceeds v. Recall the definition of the trigger mass () at the state 6. The
trigger mass is the proportion of arbitrageurs who must sell in order to induce
the government to cease intervention and allow sterling to find its floating rate.
When 0 lies in the ripe for attack region, we know that a(f) is strictly between 0
and 1. For any k in the interval (04 + €,6* — €) we will associate a number

d(k), (4.3)

which denotes the state 6 at which the government is just indifferent between
intervening to maintain the target rate and letting the currency float given that
the arbitrageurs are using the k-trigger strategy. Geometrically, d(k) is the state
at which the area under the density function (centered on d(k)) to the left of
the trigger point k is given by the trigger mass at this state. We will call d(k)
the devaluation point given trigger strategy k. Figure 4 illustrates the devaluation
point for k. When 6 is to the left of d(k), the exchange rate at the end of the
game is the floating rate f. When 6 is to the right of d(k), the target rate e* is
maintained. We shall refer to this function as the post-intervention exchange rate
given the trigger point k, and denote it by (0, k). Figure 5 illustrates ¥(0,k).
The post-intervention exchange rate determines the payoff function to the act of
holding sterling for a given trigger point k. At state 6, the payoff to holding sterling
is given by (0, k) —e*, the difference between the post-intervention exchange rate
and the target rate e*.

With these preliminaries, we are now ready to prove our pair of theorems. Let
us first prove theorem 1. Suppose that k € (8*+¢, 6* —¢), and that all arbitrageurs
except one (called %) is following the k-trigger strategy. Suppose that arbitrageur 4
has received the message k', and let us consider the conditional expected payoff of
holding sterling given message k' when all other arbitrageurs follow the k-trigger
strategy. We denote this expected payoff by II(k’, k). Since the prior density over
the state 6 is uniform and the message conditional on 6 is also uniform, arbitrageur
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i’s conditional density over the states 6 given the message k' is also uniform, with
support [k’ — ,k' +£]. Thus, the conditional expected payoff to holding sterling
given message k' when all other arbitrageurs follow the k-trigger strategy is given

by
k'+e

[ o,k - e*)ao. (4.4)

k!—e

1

(k' k) = —

(k ) k) 2 c

Since (8, k) is weakly increasing in 0, so is the expected payoff given message k'.

Also, when k lies in the interval (6, +¢, 0* — ), we have the following preliminary
results.

Lemma 1. Ifk € (0, +¢,0* —¢), thenk —e < d(k) < k +«.
Proof. The devaluation point d(k) is the value of 6 that satisfies
0=k+e(l—2a(0)), ' (4.5)

where (0) is the trigger mass at 6. Since k € (0, + €,0* — €), this value of 0 lies
in the ripe for attack region, so that the trigger mass is strictly between zero and
1. Hence, 8 > k + ¢ and 6 < k — ¢, so that the result follows.

Lemma 2. In the interval (0,+¢,0* —¢), d(k) is invertible and strictly increasing
in k, but d(k) — k is strictly decreasing in k.

Proof. Since d(k) is the value of 8 such that § = k + £(1 — 2a(8)), k is given by
6 —e(1—2a(f)). Since a is a function of 6, so is k. To show that d(k) is increasing
in k, it suffices to show that its inverse is increasing in 6 in the interval (6., 6*).
This follows from the fact that k = 6 — (1 — 2(0)), and « is strictly increasing
in 0. Finally, note that d(k) — k = £(1 — 2a(d™!(k))), which is decreasing in k,
since both o and d~! are increasing functions.

Now, consider II(k, k). This is the expected payoff to holding sterling condi-
tional on message k when all arbitrageurs are using the k-trigger strategy. Since
Y(0,k) = e* for all @ > d(k), we have:

: k+e d(k)
T(k, k) = -21; / (1(8, k) — ¢*)df = 512 / (£(8,5(6,k)) —e*)dB <0,  (4.6)
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where the second equality follows from the fact that the intervention rate is equal
to the floating rate below the devaluation point. The inequality follows from
lemma 1 and the fact that ¥(6, k) — e* < 0 for § < d(k). Thus, if we choose the
tax rate t = ~II(k, k), any arbitrageur who receives the marginal message k will
be indifferent between holding sterling and selling it. Moreover, since II(k', k) is
increasing in the message k', any arbitrageur who receives a message higher than
k will prefer to hold sterling, while if the arbitrageur receives a message lower than
k, he prefers to sell sterling. In other words, if the tax rate ¢ is defined as above,
then the k-trigger strategy is a best reply to the use of the same strategy by all
other arbitrageurs. In short, the k-trigger strategy is a symmetric equilibrium
strategy. This proves theorem 1.

To prove theorem 2, we start by noting that when 6 = d(k), we have s(,k) =
a(f). Also, since (0, k) is decreasing in 6, while a(0) is increasing in 6, we have
8(0,k) > a(6) if 0 < d(k). Thus, we have the following inequality for any value

of 6 at or below d(k).
£(6,5(0,k)) < £(6,(6)). (4.7)

Now, choose a point m € (6,+¢,6* —¢), and consider the expected payoff I1(k, k),
where k < m. We then have the following sequence of inequalities:

d(k)
[ (1(6,5(6,%) ~ er)do

k—e
d(k)

1 *
<5 | G0.00) - )0

k
d(m)

| (10,0(6)) - e)as

m

1
T(k,k) =5

< -
- 2%
<0

The first inequality follows from the fact that f (0,3(0,k)) is bounded above by
f(6,c(0)) in the range of the integral, while the second inequality follows from
the fact that f(6, «(f)) is a non-decreasing function of 8 and d(m)—m < d(k)—k,
by lemma 2. The last integral is strictly negative due to lemma 1 and the fact
that (6, (6)) < e* for 0 in the ripe for attack region. Now, choose the number
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to so that
1 d(m)
= —— —e*)do. 4.
to=—5- [ ((6,0)—€")df (4.8)

- m—¢€

If the tax rate is strictly below this number, we have II(k, k) < —t. Moreover,
this is the case for every k < m, so that there is no trigger equilibrium whose
switching point lies to the left of m. Thus, if there is a trigger strategy that is
a symmetric equilibrium strategy given tax rate t, every arbitrageur sells sterling
at every point to the left of m. This is the statement of theorem 2.

5. Discussion

Our main results can be summarized as follows. If the economy is in the ripe
for attack zone, and there is perfect, symmetric or even well-behaved differential
information, there will be multiple equilibria: attack and no attack. However,
if transactions costs are low and there is noisy differential information, then an
attack must take place,.even in the ripe for attack zone. Let us emphasize the
key features of the model driving our result. First, there exists an intermediate
zone (the ripe for attack zone) where the exchange rate regime is stable only so
long as arbitrageurs do not co-ordinate an attack. Second, in this zone the attack
equilibrium is “safer” in the sense that it is optimal to attack even if you attach
only a small probability to others’ attacking. Finally, the information structure is
such that even when the target exchange rate is consistent with the fundamentals,
(and known to be so), it is never common knowledge that it is stable. Each of
these features is sensitive to government policy, and we will follow up some of the
implications for policy in the concluding section. In this section, we shall discuss
some of the modelling issues that arise from our analysis in an effort to distinguish
our contribution from other, superficially similar arguments, and to point to some
limitations of our model that need to be addressed in future work.

Formally, we have studied an essentially static model of arbitrageurs’ behaviour
- their decisions were simultaneous - and analyzed the implications of alternative
information structures. The comparative statics are those of changing information
structures. Clearly, it would be more convincing if we could give an explicitly
dynamic story. In particular, two essentially dynamic components of currency
attacks could profitably be incorporated into the analysis.
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First, there is the existing literature considering the timing of fundamentals-
driven speculative attack. Krugman (1979), building on earlier work of Salant
and Henderson (1978), showed how an apparently speculative attack could be
driven by fundamentals. Suppose the government has a fixed supply of foreign
reserves with which to defend the exchange rate, and that the exchange rate the
government is trying to defend is not sustainable, in the sense that the supply of
domestic currency at that exchange rate exceeds demand. Then the exchange rate
will eventually collapse. But if the collapse did not occur until the government
actually ran out of reserves, there would be huge potential profits for speculators:
buying dollars immediately before the collapse would earn huge profits. Therefore
the collapse must occur before the government actually runs out of reserves. For
reasons that will typically not be apparent to an outside observer, there will be
a date at which speculators will suddenly purchase the balance of the foreign
exchange reserves and the exchange rate will collapse. This elegant idea underlies
much analysis of the timing and nature of speculative attacks in recent years.
The basic idea has been extended to stochastic models. It remains a. challenge for
future work to examine the interaction between this type of timing issue and the
differential information issues raised in this paper.

Second, there is the question of information transmission through the mar-
ket. In a dynamic market, arbitrageurs may be able to learn through time the
information of others. Indeed, this phenomenon suggests a related but theo-
retically quite distinct explanation for currency attacks. Banerjee (1992) and
Bikhchandani, Hirshleifer, and Welch (1992) have considered the phenomenon of
information cascades. Translated into this environment, such an argument would
go as follows. Suppose that the question of whether the exchange rate collapses is
ezogenous to the behavior of a group of arbitrageurs. Thus, among other things,
the payoff arising from my action does not depend on the actions chosen by the
other arbitrageurs. Each arbitrageur has some information about the likelihood
of collapse. Arbitrageurs decide - sequentially and publicly - whether to sell their
holdings of sterling. Now, if the first N arbitrageurs happen to have received bad
signals and sell, the (N + 1)th arbitrageur may choose to ignore his own informa-
tion - even if it is positive - and sell, based on the revealed information of those
who came before him. But once arbitrageurs start ignoring their own information,
no information can reverse the unlucky first few signals.

Let us first note that the superficial resemblance between our own infection
argument and the cascade argument is quite spurious. The infection argument op-
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erates only when the underlying payoffs describe an inherently strategic situation
where my own payoffs depend on the actions of others. Indeed, that is the only
reason that higher order beliefs could possibly matter. The cascades argument, by
contrast, relies on actual observations of others’ actions. The absence of common
knowledge plays no essential role.

This is not to deny that there may be some element of cascades in currency
attacks. The fact that I observe your selling does convey some information and
may push me into selling. However, there are two reasons to think that a pure
cascades story may not be the driving force behind currency attacks. First, as Lee
(1993) has emphasized, the cascade argument relies on a discrete action space so
that individuals completely ignore their own information. But as was the case in
our model, traders can vary their strategies continuously, and so can adjust their
strategies to new information. In contrast, cascades depend on the fact that the
action space is sufficiently coarse that information revelation is precluded. Second,
and perhaps more important, cascade arguments are ill-suited in situations where
genuine strategic interactions take place, in the sense that payoffs depend non-
trivially on the actions of others. A fully fledged dynamic extension of the analysis
presented in this paper would be one that combines the infection argument and
the cascade argument. This topic seems worthy of further investigation.

6. Implications for Policy

One interpretation we may put on the case of ‘noisy’ differential information is
that the recipients of the differential information learn of the true underlying fun-
damentals of the economy with little error, but that there are small discrepancies
in how these messages are interpreted by the recipients. In extrapolating our the-
oretical analysis to the analysis of policy, we would like to propose that in looking
for a cause or a trigger for a currency attack, we should look for the arrival of
noisy information, i.e., news events not interpreted in exactly the same way by
different arbitrageurs. The informational events that matter are quite subtle. A
“grain of doubt,” allowing that others may believe that the economy is, in fact,
unstable, will lead to a currency crisis even if everyone knows that the economy
is not unstable. In predicting when crises will occur, average opinion or even
extreme opinion need not precipitate a crisis. Rather, what matters is the higher
order beliefs of some participants who are apprehensive about the beliefs of others,
concerning the beliefs of yet further individuals, on these extreme opinions.
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This seems broadly consistent with at least some interpretations of recent
currency crises. Before the European Monetary System crises of 1992, exchange
rates may have been misaligned. But if anything, the situation had improved over
the previous two years (Eichengreen and Wyplosz (1993)). Before the Mexican
crisis of December 1994, the underlying imbalances had been observable for at
least a year (Dornbusch and Werner (1994)). In each case, many stories can be
told about fundamentals, but there is little evidence that the timing had much to
do with any secular deterioration.

Instead, we should look for extreme beliefs that “infected the market.” In
Mexico, rumors of political trouble in Chiapas province were widely cited (New
York Times (1994)). Presumably, few investors believed that events in Chiapas
were actually going to influence the fundamentals of the Mexican economy. But
it was enough that they believed that others might believe that others might.

In Europe, pronouncements that the Bundesbank would no longer support
some of the currencies outside the core of the EMS were apparently important.
What effect did these have on each individual’s beliefs about how the Bundesbank
would behave? Probably not much - the Bundesbank’s lukewarm support was
well known. Much more important may be uncertainty about how others would
interpret the new announcements. Indeed, the very fact that commentators are
still arguing about the content of the Bundesbank’s announcements only supports
this view. It is not enough to know the truth. One has to worry about whether
others know it as well and about whether others know that others know it.

If it is the case that currency crises may be precipitated by higher order beliefs,
even though participants believe that the fundamentals are sound, then the policy
instruments that will stabilize the situation need not be draconian. For instance,
consider the proposal by Eichengreen, Tobin and Wyplosz (1993) that there should
be a tax on short-term capital movements. In our model, this is equivalent to
increasing ¢, and thus altering the individual trade-offs in the stampede. In this
sense, our model gives a theoretical rationale as to why a small tax might have
a large impact on outcomes. Although our analysis has not conducted a welfare
analysis of the issue, it is quite conceivable that if the equilibria are Pareto ranked,
the small welfare loss associated with a transactions tax is more than outweighed
by the welfare gain arising from selecting the Pareto superior equilibrium.

Also, a public announcement by a lender of last resort easily breaks the argu-
ment guaranteeing the attack. The Clinton administration has explicitly described
the $40 billion dollar rescue package for the Mexican peso as an attempt to deal

21



with multiple equilibria in fundamentals. Understanding the importance of higher
order beliefs helps us understand exactly what kind of guarantees are effective.

22



References

[1] Banerjee, A. (1992). “A Simple Model of Herd Behavior,” Quarterly Journal
of Economics 107, 797-817.

[2] Bikhchandani, S., D. Hirshleifer, and I. Welch (1992). “A Theory of Fads,
Fashion, Custom, and Cultural Change as Informational Cascades,” Journal
of Political Economy 100, 992-1026.

[3] Carlsson, H. and E. van-Damme (1993). “Global games and equilibrium
selection,” Econometrica 61, 989-1018.

[4] Dornbusch, R. and A. Werner (1994). “Mexico: Stabilization, Reform and
No Growth,” Brookings Papers on Economic Activity 1, 253-315.

[5] Eichengreen, B. and C. Wyplosz (1993). “The Unstable EMS,” Brookings
Papers on Economic Activity 1, 51-143.

[6] Eichengreen, B., J. Tobin and C. Wyplosz (1993). “Two Cases for Sand in
the Wheels of International Finance,” The Economic Journal 105, 162-172.

[7] Flood, R. and P. Garber (1984a). “Collapsing Exchange Rate Regimes: Some
Linear Examples,” Journal of International Economics 17, 1-13.

[8] Flood, R. and P. Garber (1984b). “Gold Monetization and Gold Discipline,”
Journal of Political Economy 92, 90-107.

[9] Krugman, P. (1979). “A Model of Balance-of-Payments Crises,” Journal of
Money, Credit and Banking 11, 311-325.

[10] Lee, I. H. (1993). “On the Convergence of Informational Cascades,” Journal
of Economic Theory 61, 395-411.

[11] Monderer, D. and D. Samet (1989). “Approximating common knowledge with
common beliefs,” Games and Economic Behavior 1, 170-190.

[12] Morris, S., R. Rob and H. S. Shin (1995), “p-Dominance and Belief Poten-
tial,” FEconometrica 63, 145-157.

23



[13] New York Times (1994), December 20 to December 23.

[14] Obstfeld, M. (1986), “Rational and Self-Fulfilling Balance-of-Payments
Crises,” American Economic Review 76, 72-81.

[15] Salant, S. and D. Henderson (1978). “Market Anticipations of Government
Policies and the Price of Gold,” Journal of Political Economy 86, 627-648.

[16] Summers, L. (1995). “The Clinton Administration’s International Economic
Agenda,” invited lecture at the Wharton School, University of Pennsylvania.

[17] Williamson, J. (1994), “Proto-EMU as an Alternative to Maastricht,” Insti-
tute for International Economics.

24



25



3

-

6

[2 @inbid]

26



[€ ainBi4]

((1'0)s‘0)s

27



3

l_l

6

[t @1nb1]

28



[S 8in6i]

(1)

29



RESEARCH PAPERS AND WORKING PAPERS
Federal Reserve Bank of Philadelphia
Sarah Burke, Series Editor
The Philadelphia Fed RESEARCH PAPERS series was begun in 1974. It was
superseded in 1982 by the Philadelphia Fed WORKING PAPERS series.
The following list contains titles published in the series since 1990.
To order copies, please send the number of the item desired, along with your
address, to WORKING PAPERS, Department of Research, Federal Reserve Bank of
Philadelphia, 10 Independence Mall, Philadelphia, Pa 19106. For overseas
airmail requests only, a $3.00 per copy prepayment is required; please make
checks or money orders payable (in U.S. funds) to the Federal Reserve Bank of

Philadelphia.

1990

No. 90-1 Gerald A. Carlino and Richard Voith, "Accounting for
Differences in Aggregate State Productivity." Revision
Published in Regional Science and Urban Economics, Vol. 22
(4), 1992, pp. 597-617.

No. 90-2 Brian J. Cody and Leonard O. Mills, "The Role of Commodity
Prices in Formulating Monetary Policy." (Supersedes 89-5) .
Revision published in Review of Economics and Statistics,
May 1991.

No. 90-3/R Loretta J. Mester, "Traditional and Nontraditiomal Banking:
an Information-Theoretic Approach." (Revision of 90-3).
Revision forthcoming in Journal of Banking and Finance,
1992. i ’

No. 90-4 Sherrill Shaffer, "Investing in Conflict."

No. 90-5/R Sherrill Shaffer, "Immunizing Options Against Discrepancies
in Volatility." (Revision of No. 90-5.)

No. 90-6 Gerald Carlino, Brian Cody, and Richard Voith, "Regional
Impacts of Exchange Rate Movements." Revision published in
Journal of Regional Perspectives.' Vol. 20, No. 1, 1990.

No. 90-7 Richard Voith, "Consumer Choice with State-Dependent
Uncertainty About Product Quality: Late Trains and Commuter
Rail Ridership."

No. 90-8 Dean D. Croushore, "Ricardian Equivalence Under Income
Uncertainty." (Superceded by No. 92-6)

30



No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

90-9

90-10

90-11

90-12

90-13

90-14

90-15

90-16/R

90-17

90-18

90-19

90-20

90-21/R

90-22/R

90-23

90-24

Shaghil Ahmed and Dean D. Croushore, "The Welfare Effects of
Distortionary Taxation and Government Spending: Some New
Results."

Joseph Gyourko and Riéhard Voith, "Local Market and National
Components in House Price Appreciation." (1992) Revision
published Journal of Urban Economics, Vol. 32, pp. 52-69.

Theodore M. Crone and Leonard O. Mills, "Forecasting Trends
in the Housing Stock Using Age-Specified Demographic
Projections." Revision published in Journal of Housing
Research, July 1991.

William W. Lang and Leonard I. Nakamura, "Optimal Bank
Closure for Deposit Insurers."

Loretta J. Mester, "Perpetual Signaling with Imperfectly
Correlated Costs." (Superseded by No. 92-8)

Sherrill Shaffer, "Aggregate Deposit Insurance Funding and '
Taxpayer Bailouts." (Revision published in the Journal of
Banking and Finance, September 1991.

Dean Croushore, "Taxation as Insurance Against Income
Uncertainty."

Loretta J. Mester and Anthony Saunders, "When Does the Prime
Rate Change?" (Revision forthcoming in Journal of Banking
and Finance)

James McAndrews and Richard Voith, "Regional Authorities,
Public Services, and the Location of Economic Activity."
(1992) Revision forthcoming in, Journal of Regional Science.

Sherrill Shaffer, "A Test of Competition in Canadian

Banking." Revision published in Jourmal of Money, Credit,
and Banking, 25 (1), February 1993, pp. 49-61.

Brian J. Cody, "Seignorage and the European Community: Is
European Economic and Monetary Union in Danger?" Revision

published in Contemporary Policy Issues, April 1991.

John F. Boschen and Leonard O. Mills, "The Role of Monetary
and Real Shocks in Near-Permanent Movements in GNP."

Revision published in Journal of Monetary Economics, vol.
35, 1995, pp. 25-44.

Mitchell Berlin and Loretta J. Mester, "Debt Covenants and
Renegotiation." (Revision of No. 90-21.) Superseded by No.
92-9,

Richard Voith, "Transportation, Sorting, and House Values in
the Philadelphia Metropolitan Area." Revision published in
AREUEA, Summer 1991.

Gerald Carlino and Leonard Mills, "Persistence and
Convergence in Relative Regional Incomes." (Superseded by
No. 91-18, "Have Regional Per-Capita Incomes Converged?")

Sherrill Shaffer, "Stable Cartels with a Cournot Fringe."
(Superseded by No. 93-8)

31



No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

90-25

90-26

90-27/R

90-28

90-29

90-30

91-1

91-2

91-3

91-4

91-5

91-6/R

91-7

91-8

91-9

91-10

91-11

Ahmed H. Mohamed, "The Impact of Domestic Market Structure
on Exchange Rate Pass-Through."

Loretta J. Mester and Anthony Saunders, "Who Changes the
Prime Rate?"

Sherrill Shaffer, "Structure, Conduct, Performance, and
Welfare." (Supersedes No. 90-27. The Lerner Index, Welfare,
and the Structure-Conduct-Performance Linkage.) (Superceded
by No. 92-13)

Sherrill Shaffer, "Regulation and Endogenous
Contestability."

Brian J. Cody, "Monetary and Exchange Rate Policies in
Anticipation of a European Central Bank."

Leonard I. Nakamura, "Reforming Deposit Insurance When Banks
Conduct Loan Workouts and Runs are Possible."

1991

Dean Croushore and Ronald S. Koot, "A Measure of Federal
Reserve Credibility." Revision published in Journal of
Policy Modeling, April 1994, pp. 215-31.

James J. McAndrews and Leonard I. Nakamura, "Worker Debt
with Bankruptcy."

William W. Lang and Leonard I. Nakamura, "Housing Appraisals
and Redlining." Revision, "A Model of Redlining," published
in Journal of Urban Economics, Vol. 33, No. 2, March 1993.

Paul S. Calem and John A. Rizzo, "Financing Constraints and
Investment: New Evidence from the U.S. Hospital Industry."

Paul S. Calem, "Reputation Acquisition, Collateral, and
Moral Hazard in Debt Markets." (Superseded by No. 92-12)

Loretta J. Mester, "Expense Preference and the Fed
Revisited." (Superseded by No. 92-4. "Further Evidence
Concerning Expense Preference and the Fed.")

Choon-Geol Moon and Janet G. Stotsky, "The Effect of Rent
Control on Housing Quality Change: A Longitudinal
Analysis." Revision published in Journal of Political
Economy, December 1993.

Dean Croushore, "The Short-Run Costs of Disinflation."

Leonard I. Nakamura, "Delegated Monitor with Diseconomies of
Scale."

Sherrill Shaffer, "Forecast Announcements and Locally
Persistent Bias." (Supersedes No. 89-6, "Can the End User
Improve an Econometric Forecast?")

Francis X. Diebold, Glenn D. Rudebusch, and Daniel E.

Sichel, "Further Evidence on Business Cycle Duration
Dependence."

32



No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

91-12/R

91-13

91-14

91-15

91-16

91-17/R

91-18

91-19

91-20

91-21/R

91-22

91-23

91-24

Sherrill Shaffer and James DiSalvo, "Conduct in a Banking
Duopoly." Revision forthcoming (1994) in Journal of Banking
and Finance.

William T. Bogart and Richard Voith, "Property Taxes,
Homeownership Capitalization Rates, and Housing
Consumption."

Sherrill Shaffer, "Efficient Two-Part Tariffs with
Uncertainty and Interdependent Demand." (Supersedes No. 88-
18.) Revision published in Journal of Economics and
Business, Vol. 44 (4), pp. 325-334, November 1992.

Leonard I. Nakamura and Sherrill Shaffer, "Optimal
Acceptance Policies for Journals."

Gerald Carlino, Richard Voith, and Brian Cody, "The Effects
of Exchange Rate and Productivity Changes on U.S. Industrial

Output at the State Level." (Revision forthcoming in Urban
Studies.)
Sherrill Shaffer, "Can Megamergers Reduce Bank Costs?"

(Supersedes No. 91-17 "Potential Merger Synergies Among
Large Commercial Banks.") Revision published in Journal of

Banking and Finance, April 1993.

Gerald Carlino and Leonard Mills, "Have Regional Per-Capita
Incomes Converged?" (Supersedes No. 90-23, "Persistence and
Convergence in Relative Regional Incomes.") Revision
forthcoming in Journal of Monetary Economics. (Superseded
by No. 93-22)

Richard Voith, "Changing Capitalization of CBD-Oriented
Transportation Systems: Evidence from Philadelphia, 1970-
1988." (1992) Revision forthcoming Journal of Urban
Economics.

John F. Boschen and Leonard O. Mills, "The Effects of
Countercyclical Monetary Policy on Money and Interest Rates:
An Evaluation of Evidence from FOMC Documents." Revision
published in Economic Inquiry, vol. xxxiii, January 1995,
pPp. 24-44.

Joseph P. Hughes and Loretta J. Mester, "A Quality and Risk-
Adjusted Cost Function for Banks: Evidence on the "Too-Big-
To-Fail" Doctrine." Revision in Journal of Productivity
Analysis, Vol. 4, No. 3 1993.

Satyajit Chatterjee, "The Effect of Transitional Dynamics on
the Distribution of Wealth in a Neoclassical Capital
Accumulation Model."

Satyajit Chatterjee and B. Ravikumar, "A Neoclassical Model
of Seasonal Fluctuations." Revision published in Journal of
Monetary Economics, Vol 29, No 1, 1992.

George J. Mailath and Loretta J. Mester, "When Do Regulators
Close Banks? When Should They?" (Superseded by No. 93-10)

33



No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

92-1

92-2/R

92-3

92-4

92-7

92-8

92-9

92-10

92-11/R

92-12/R

92-13/R

92-14/R

92-15/R

1992

Leonard I. Nakamura, "Commercial Bank Information:
Implications for the Structure of Banking." Revision
forthcoming in Structural Change in Bankind, Klausner and
White, eds., Irwin.

Shaghil Ahmed and Dean Croushore, "The Marginal Cost of
Funds with Nonseparable Public Spending." (Superseded by No.
94-5)

Paul S. Calem, "The Delaware Valley Mortgage Plan: An
Analysis Using HMDA Data."

Loretta J. Mester, "Further Evidence Concerning Expense
Preference and the Fed." (Supersedes No. 91-6, "Expense
Preference and the Fed Revisited.") Revision published in
the Journal of Money, credit and Banking, vol. 26, February
1994, pp. 125-145).

Paul S. Calem, "The Location and Quality Effects of
Mergers."

Dean Croushore, "Ricardian Equivalence Under Income
Uncertainty." (Supersedes No. 90-8)

James J. McAndrews, "Results of a Survey of ATM Network
Pricing."

Loretta J. Mester, "Perpetual Signaling with Imperfectly
Correlated Costs." (Supersedes No. 89-22 and No. 90-13)
Revision published in Rand Journal of Economics, Vol. 23,

Ralld U

No. 4, Winter 1992, pp. 548-563.

Mitchell Berlin and Loretta J. Mester, "Debt Covenants and
Renegotiation." Supersedes 92-21/R. Revision published in
Journal of Financial Intermediation, Vol. 2, 1992, pp. 95-

Journatl O rlldl s a e

133.

Joseph Gyourko and Richard Voith, "Leasing as a Lottery:
Implications for Rational Building Surges and Increasing
Vacancies."

Sherrill Shaffer, "A Revenue-Restricted Cost study of 100
Large Banks." (Revision of No. 92-11) (Revision published
in Applied Financial Economics, 4, 1994, pp. 193-205)

paul S. Calem, "Borrower Reputation and Existence of Moral
Hazard in Credit Markets." (Supersedes No. 91-5)

Sherrill shaffer, "Structure, Conduct, Performance, and
Welfare." (Supersedes No. 90-27) (Revision published in
Review of Industrial Organization, vol. 9, 1994, pp. 435-
450)

Loretta J. Mester, "Efficiency in the Savings and Loan
Industry." Revision in Journal of Banking and Finance Vol.
17, No. 2-3, 1993.

Dean Croushore and Shaghil Ahmed, "The Importance of the Tax

System in Determining the Marginal Cost of Funds."
(Superseded by No. 94-7)

34



No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

92-16

92-17/R

92-18

92-19

92-20

92-21

92-22

92-23/R

92-24/R

92-25

92-26

93-1

93-2

93-3

93-4

93-5

93-6

Keith Sill, "An Empirical Investigation of Money Demand in
the Cash-In-Advance Model Framework."

Sherrill Shaffer, "Optimal Linear Taxation of Polluting
Oligopolists." (Revision forthcoming in the Journal of
Requlatory Economics)

Leonard I. Nakamura and Bruno M. Parigi, "Bank Branching."

Theodore M. Crone, Sherry Delaney, and Leonard O. Mills,
"Vector-Autoregression Forecast Models for the Third
District States."

Leonard I. Nakamura and William W. Lang, "'Flight to
Quality’ in Banking and Economic Activity." (Journal of
Monetary Economics, Vol. 36, No. 1, August 1995)

Theodore M. Crone and Richard P. Voith, "Estimating House
Price Appreciation: A Comparison of Methods."

Shaghil Ahmed and Jae Ha Park, "Sources of Macroeconomic
Fluctuations in Small Open Economies." Revision published
in Journal of Macroeconomics, Winter 1994, Vol. 16, No. 1,
pp. 1-36.

Sherrill Shaffer, "A Note of Antitrust in a Stochastic
Market." (Revision of No. 92-23, Superseded by No. 95-2)

Paul S. Calem and Loretta J. Mester, "Search, Switching
Costs, and the Stickiness of Credit Card Interest Rates."
(Superseded by Working Paper No. 95-10)

Gregory P. Hopper, "Can a Time-Varying Risk Premium Explain
the Failure of Uncovered Interest Parity in the Market for
Foreign Exchange?"

Herb Taylor, "PSTAR+: A Small Macro Model for
Policymakers."

1993
Gerald Carlino and Robert DeFina, "Regional Income
Dynamics." (Revision forthcoming in the Journal of Urban
Economics)

Francis X. Diebold, Javier Gardeazabal, and Kamil Yilmaz,
"On Cointegration and Exchange Rate Dynamics."

Mitchell Berlin and Loretta J. Mester, "Financial
Intermediation as Vertical Integration."

Francis X. Diebold and Til Schuermann, "Exact Maximum
Likelihood Estimation of ARCH Models."

Yin-Wong Cheung and Francis X. Diebold, "On Maximum-
Likelihood Estimation of the Differencing Parameter of
Fractionally Integrated Noise with Unknown Mean."

Francis X. Diebold, "On Comparing Information in Forecasts
from Econometric Models: A Comment on Fair and Shiller."

35



No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

93-7

93-8

93-9

93-10/R

93-11

93-12

93-13

93-14

93-15

93-16

93-17/R

93-18

93-19/R

93-20

93-21

93-22

Robert M. DeFina and Herbert E. Taylor, "Monetary Policy and
0il Price Shocks: Empirical Implications of Alternative
Responses."

Sherrill Shaffer, "Stable Cartels with a Cournot Fringe."
(Supersedes No. 90-24) Forthcoming in Southern Economic
Journal .

Satyajit Chatterjee, Russell W. Cooper, and B. Ravikumar,
nStrategic Complementarity in Business Formation: Aggregate
Fluctuations and Sunspot Equilibria."

George J. Mailath and Loretta J. Mester, "A Positive
Analysis of Bank Closure." (Supersedes No. 91-24/Superseded
by No. 94-2)

Francis X. Diebold and Celia Chen, "Testing Structural
Stability with Endogenous Break Point: A Size Comparison of
Analytic and Bootstrap Procedures."

Francis X. Diebold, Joon-Haeng Lee, Gretchen C. Weinbach,
"Regime Switching with Time-Varying Transition
Probabilities."

Laurence Ball and N. Gregory Mankiw, "Relative-Price Changes
as Aggregate Supply Shocks."

Dean Croushore, "Ricardian Equivalence with Wage-Rate
Uncertainty." (Forthcoming in the Journal of Money, Credit
and Banking)

Leonard I. Nakamura, "Loan Screening Within and Outside of
Customer Relationships."

Loretta J. Mester, "Why Are Credit Card Rates Sticky?"
(Supersedes No. 88-20/R). Revision published in Economic
Theory, vol. 4, 1994, pp. 505-30.)

Joseph P. Hughes and Loretta J. Mester, "Accounting for the
Demand for Financial Capital and Risk-Taking in Bank Cost
Functions." (Superseded by No. 94-8)

James J. McAndrews and Robert J. Kauffman, "Network
Externalities and Shared Electronic Banking Network
Adoption."

Paul S. Calem, "Patterns of Residential Mortgage Activity in
Philadelphia’s Low- and Moderate-Income Neighborhoods:
1990-1991."

Shaghil Ahmed, "Money and Output: The Relative Importance
of Real and Nominal Shocks."

Laurence Ball, "What Determines the Sacrifice Ratio?"
Gerald Carlino and Leonard Mills, "Testing Neoclassical
Convergence in Regional Incomes and Earnings." (Supersedes

No. 91-18. Forthcoming in Regional Science and Urban
Economics)

36



No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

93-23

93-24

93-25/R

93-26

93-27/R

93-28/R

93-29

93-30

94-1/R

94-2

94-3

94-4

94-5

94-6

94-17

94-8/R

Paul S. Calem and Leonard I. Nakamura, "The Impact of Branch
Banking on Pricing and Service Availability: Theory and
Evidence."

Leonard I. Nakamura, "Recent Research in Commercial Banking:
Information and Lending." Revision published in Financial

Markets, Institutions, and Instruments, Vol. 2, No. 5,
December 1993.

Keith Sill, "Macroeconomic Risk and Treasury Bill Pricing:
An Application of the FACTOR-ARCH Model."

Carlos E. Zarazaga, "Hyperinflations and Moral Hazard in the
Appropriation of Seigniorage."

Richard Voith, "Do Suburbs Need Cities?"

Sherrill Shaffer, "Market Conduct and Excess Capacity in
Banking: A Cross-Country Comparison."

Satyajit Chatterjee and B. Ravikumar, "Inventories,
Production Smoothing, and Anticipated Demand Variations."

Sétyajit Chatterjee and Russell W. Cooper, "Entry and Exit,
Product Variety and the Business Cycle."

1994

Loretta J. Mester, "Efficiency of Banks in the Third Federal
Reserve District: A Study of Bank Efficiency Taking Into
Account Risk-Preferences."

George J. Mailath and Loretta J. Mester, "A Positive
Analysis of Bank Closure." Supersedes No. 93-10/R.
Published in the Journal of Financial Intermediation, vol 3
(June 1994), pp. 272-299.

Dean Croushore, "The Optimal Inflation Tax When Income Taxes
Distort: Reconciling MUF and Shopping-Time Models."

Arthur Fishman and Rafael Rob, "The Durability of
Information, Market Efficiency, and the Size of Firms."

Shaghil Ahmed and Dean Croushore, "The Marginal Cost of
Funds with Nonseparable Public Spending." (Supersedes
Working Paper No. 92-2/R; forthcoming in Public Finance

Quarterly)

James J. McAndrews and Rafael Rob, "Shared Ownership and
Pricing in a Network Switch."

Shaghil Ahmed and Dean Croushore, "The Importance of the Tax
System in Determining the Marginal Cost of Funds."
(Supersedes Working Paper No. 92-15/R; forthcoming in Public
Finance/Finances Publiques)

Joseph P. Hughes and Loretta J. Mester, "Bank Managers'’
Objectives." (Supersedes No. 93-17)

37



No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.’

No.

No.

No.

No.

No.

No.

No.

94-9

94-10

94-11/R

94-12
94-13
94-14

94-15

94-16/R

94-17

94-18
94-19
94-20
94-21

94-22

94-23
94-24
94-25

94-26

paul S. Calem and John A. Rizzo, "Financing Constraints and
Investment: New Evidence From Hospital Industry Data."
Supersedes No. 91-4.

John Y.vCampbell and Andrew W. Lo, "Models of the Term
Structure of Interest Rates."

Sherrill Shaffer, "Viability of Traditional Banking
Activities: Evidence from Shifts in Conduct and Excess
Capacity."

Carlos Zarazaga, "Revenues from the Inflation Tax and the
Laffer Curve."

Gerald Carlino and Leonard Mills, "Convergence and the U.S.
States: A Time Series Analysis."

Keith Sill, "Money, Output, and the Cyclical Volatility of
the Term Structure."

Leonard I. Nakamura and William W. Lang, "Information and
Screening in Real Estate Finance: An Introduction."
Forthcoming in Journal of Real Estate Finance and Economics,
November 1994.

Sherrill Shaffer, "Evidence of Monopoly Power Among Credit
Card Banks."

John Y. Campbell and John H. Cochrane, "By Force of Habit: A
Consumption-Based Explanation of Aggregate Stock Market
Behavior."

Sherrill Shaffer, "Chaos, Taxes, Stabilization, and
Turnover.":

Paul S. Calem and Leonard I. Nakamura, "Branch Banking and
the Geography of Bank Pricing." (Supersedes No. 93-23)

James J. McAndrews and William.Roberds, "Banks, Payments,
and Coordination."

Richard Voith, "Fares, Service levels, and Demographics:
What Determines Commuter Rail Ridership in the Long Run?"

Thomas F. Cooley, Gary D. Hansen, and Edward C. Prescott,
"Equilibrium Business Cycles With Idle Resources and
Variable Capacity Utilization."

Gerald Carlino and Robert DeFina, "Does Monetary Policy Have
Differential Regional Effects?"

Gregory P. Hopper, "Time-Varying Consumption Betas and the
Foreign Exchange Market." '

Satyajit Chatterjee and Dean Corbae, "Money and Finance in a
Model of Costly Commitment."

Dean Croushore and Tom Stark, "Evaluating McCallum’s Rule
for Monetary Policy."

38



No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

94-27

94-28

95-1

95-2/R

95-3

95-4

95-5

95-6

95-7

95-8/R

95-9

95-10

95-11
95-12

95-13

95-14

95-15

Paul S. Calem and John A. Rizzo, "Competition and
Specialization in the Hospital Industry: An Application of
Hotelling’s Location Model."

Jose M. Campa and P.H. Kevin Chang, "Realignment Risk in the

Exchange Rate Mechanism: Evidence From Pound-Mark Cross-
Rate Options."

1995

Satyajit Chatterjee and Dean Corbae, "Valuation Equilibria
with Transactions Costs."

Sherrill Shaffer, "Structural Screens in Stochastic
Markets." (Supersedes No. 92-23)

Franklin Allen and Douglas Gale, "A Welfare Comparison of
Intermediaries and Financial Markets in Germany and the
u.s."

Franklin Allen and Douglas Gale, "Financial Markets,
Intermediaries, and Intertemporal Smoothing."

Gregory P. Hopper, "The Dynamics of the Exchange Rate Under
A Crawling Peg Regime: A Game Theory Approach."

Franklin Allen and Douglas Gale, "Universal Banking,
Intertemporal Risk Smoothing, and European Financial
Integration."

Paul Calem and Michael Stutzer, "The Simple Analytics of
Observed Discrimination in Credit Markets."

Joseph P. Hughes, William Lang, Loretta J. Mester, and
Choon-Geol Moon, "Recovering Technologies That Account for
Generalized Managerial Preferences: An Application to Non-
Risk-Neutral Banks."

Ana Castafieda, Javier Diaz-Giménez, and José-Victor Rios-
Rull, "Unemployment Spells and Income Distribution
Dynamics."

Paul S. Calem and Loretta J. Mester, "Consumer Behavior and
the Stickiness of Credit Card Interest Rates." Supersedes
Working Paper No. 92-24/R.

Richard Voith, "Parking, Transit and Employment in a CBD."
Gary Gorton and Richard Rosen, "Banks and Derivatives."

Sherrill Shaffer, "Translog Bias Under Declining Average
Cost."

Alberto Trejos and Randall Wright, "Toward A Theory Of
International. Currency: A Step Further."

Gerald Carlino and Robert DeFina, "The Differential Effects
of Monetary Policy Shocks on Regional Economic Activity."

39



No.

No.

No.

No.

No.

No.

No.

No.

No.

95-16

95-17

95-18

95-19

95-20

95-21

95-22

95-23

95-24

Paul S. Calem, "Mortgage Credit Availability In Low- and
Moderate-Income Minority Neighborhoods: Are Information
Externalities Critical?"

Leonard I. Nakamura and William W. Lang, "New Directions in
Information and Screening in Real Estate Finance."

William J. Stull, "Is High School Economically Relevant for
Noncollege Youth?"

James J. McAndrews and George Wasilyew, "Simulations of
Failure in a Payment System."

Keith Sill, "Some Empirical Evidence on Money Demand From A
Cash-In-Advance Model."

Leonard I. Nakamura, "Is U.S. Economic Performance Really
That Bad?" :

Laurence Ball and Dean Croushore, "Expectations and the
Effects of Monetary Policy."

Sherrill Shaffer, "The Discount Window and Credit
Availability."

Stephen Morris and Hyun Song Shin, "Informational Events
That Trigger Currency Attacks."

40



