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Public Information in a Global Game
Introduction

Global games, as described by Carlsson and van Damme (1993), are games of incomplete information where the exact payout structure is random.  These games have been used to model many types of regime changes, including asset bubbles, financial crises, bank failure and revolutions.  Since the publication of Morris and Shin (1998) a new research program has arisen where global games have been used to model exchange rate crises.   This paper will explore the role of public and private information within this literature.  In this respect the paper will be contain both a literature review and as well as informal theorizing and mathematical extensions to previous research.  Although researchers have studied the optimal release of public knowledge (perhaps by the central bank) this paper will not consider this.  In other words, we are concerned with how agents (speculators) react to varying types and levels of information.  Finally, the potential of dynamic global games will be explored, and the role of information within their structure will be evaluated.

Initial applications of game theory to currency crises typically assumed complete information.  From this structure, these second generation models typically explored cases where collective action is required to bring about devaluation.  This state is typically characterized by the existence of multiple equilibria.  Morris and Shin (1998) relaxed the assumption of complete information in their model.  They start by assuming a continuum of agents who seek to cause a currency crisis but face transaction costs. Imagine that the fundamentals of the economy (perhaps interpreted as bank reserves and/or lines of credit) can be represented by a value [image: image1.png]
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.   However, rather than knowing this true value investors receive a noisy signal [image: image3.png]0+ ¢
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 and noise is independent across individuals.
  Like the second generation models there are three cases, two of which have obvious dominant equilibrium.  However, since the intermediate case is the most interesting, Morris and Shin characterize their model to explore it.  The authors find that in such a case there exists a unique equilibrium [image: image5.png]


 such that the central bank will abandon the peg if and only if [image: image6.png]0 < @*



.

At first glance this result seems paradoxical.  How can the introducation of indeterminacy in private knowledge lead to the elimination of indetermincacy of aggregate action.  This result arises because agents are unable to know what others know, and are thus unable to know what others think that they know and so on.  Thus, actors are forced to decide whether or not to attack based on their own private information.  At [image: image7.png]


 the number of attackers passes the threshold to topple the peg.  It is important to note that this result arises because agents have no knowledge about the distribution of noise or their place in it.  In the next several paragraphs, additional structure will be added to the framework of a static global game.  We will examine the just how robust this unique equilibrium is.
Public information


In the standard Morris and Shen model there is no public information and there is a unique equilibrium.  As a corrolary, if public information is perfect, and all agents know [image: image8.png]


 (or can learn at no cost) then the model reduces to the second generation model of Obstfeld (1996) with multiple equilibrium.  The interesting case is when agents receive information about the distribution of [image: image9.png]


 and information about the distribution of their private signal.
  
Exogenous Public Knowledge

Lets first begin with a case where this information is purely exogenous.  Imagine that the central bank has true knowledge of the fundamentals [image: image10.png]


 but will only release information about its distribution.
  Thus all agents now have two sources of information about the structure of the game rather than only one.  The agents will aggregate this information into their expectations.  But will this result in a new equilibrium?  Morris and Shin (1999a) find that a unique equilibrium will exists if private information is precise relative to public information.  Assume both the private noise [image: image11.png]
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 are independent normal variables, [image: image13.png]€NN<O,%>
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 .  A unique equilibrium will exist if and only if [image: image15.png]


.  Intuitively, this reflects the relative weight individuals will attach to each piece of information.  If the private information receives more weight our agents will behave much like they did using just private information, if public information is more important we simply revert back to Obstfeld (1996).  

How can we interpret the structure of this model?  Certainly no central bank has ever characterized its currency’s value through a probablility distribution before.  Furthermore, why would a central bank do this?  If a central bank is credible and knows the currency is vulnerable to attack, it should lie and signal that the fundamentals of the currency [image: image16.png]


 is well above its actual value.  Of course, this case isn’t very interesting because this simply allows the central bank to arbitrarily shift the game to any outcome it favors.  Futhermore, the central bank could diffuse any potential crises by increasing the precision of its estimate, or disclosing [image: image17.png]


 itself.  I want to get beyond these naïve assumptions while still working within the mathematical framework of Morris and Shin (1999a).  In particular, I am interested on the effect of public information that is based on the underlying fundamentals, but is known to contain bias.

In the context of a currency crises there is often information that is publically available that is useful, based on sound analysis of economic fundamentals, but nevertheless is biased.  This bias can arise because of either personal or institutional incentives, structure or socialization.  Perhaps the most obvious example is the IMF’s role in framing the public discussion prior to the currency crises in Mexico in 1994, the Asia-Pacific region in 1996, and Argentina in 2002.  In all three cases capital from the IMF was used to defend the currency peg, giving the IMF an incentive to paint a rosy picture of the current and past macroeconomic fundamentals of the economies in crisis.  Conversely, an individual  or institution that have already bet in favor of a collapse could seek to convince other speculators that the fundamentals are weaker than they are in reality, increasing the odds of a large speculative attack.  In both cases speculators are likely aware of the bias in this public information and take it into account in their decision on whether to attack.
Proposition 1. 
 If speculators know the bias and variance in the publically available knowledge, then the game is identical to Morris and Shin (1999a).

Proof.  
Assume that private noise is distributed [image: image18.png]€NN<O,%>



 and public the public signal [image: image19.png]


 is distributed [image: image20.png]vy~ Ny — p, =)



, where Y is the mean of the distribution, [image: image21.png]


 is the noise and [image: image22.png]
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 are the precision of the private and public signals, respectively.  If the speculators are aware of [image: image24.png]


 then they have the same information as in Morris and Shin (1999a).  Therefore the existence of a unique equilbrium will hold if the private signal is sufficently precise relative to the public signal (IE [image: image25.png]


).  If we assume that the actor that releases public information is aware of the true fundamentals [image: image26.png]


 and not just their distribution and thus makes available a biased fundamental [image: image27.png]
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 then all speculators will be aware of [image: image29.png]


 and the multiple equilibrium will exist.  

A constant scalar bias known to the speculators represents the strongest assumption we could make about speculators’ knowledge of bias.  However note that the constant  [image: image30.png]


 can be integrated into the assumptions we make about the distribution of [image: image31.png]


.  For example, if we think bias would be one standard deviation, we could define [image: image32.png]
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 and still solve the equation.  

However, can we interpret situtations in which the bias of public knowledge ([image: image34.png]


) is unknown itself?  This seems like a much more likely situation.  Often we know that the IMF’s statements are biased, but we only know the general nature of the bias. Interestingly, our results our robust even in this case.
Proposition 2.  
Assume that the bias [image: image35.png]


 is drawn from a normal distribuiton. If speculators know the variance of the available public knowledge as well as the distribution of [image: image36.png]


 then the game can be reducible to Morris and Shin (1999a).

Proof. 
Assume [image: image37.png]p~ N(ﬁa O-,U>



 as well as  [image: image38.png]0 ~ N(Y,0p)



 are both independent normal random variables.  Then the relevent random variable is the composite term [image: image39.png]v~ NY + p,0,+ oy)



.  We can alternatively express this as the distribution of [image: image40.png]


 plus the distribution of the bias term [image: image41.png]


.  We know that by the properties of the normal distribution that this sum is a normal variable itself.  Thus the agents have all the information available in Morris and Shin (1999a).  This implies that a unique equilbirium will exist if and only if [image: image42.png]f>3
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.  
This result is intuitive.  Since the unique equilibrium of Morris and Shin (1999a) rests on imperfect information adding additional sources of uncertainty should not threaten it.  However, this characterization still seems unrealistic.  In the real world economic predictions usually take the form of a single moment of a probability distribution rather than the distribution itself.  Fortunately, the structure of Morris and Shin (1999a) allow us to characterize the equilibrium structure of these events as well.
Proposition 3

If speculators receive a imperfect public signal of  [image: image43.png]


 the game can be reducible to Morris and Shin (1999a).
Proof.
Assume [image: image44.png]r~ N0, =)



 as well as [image: image45.png]


 independent normal random variables.  We will call x the private signal and y the public signal.  Agents will therefore possess the conditional expectations [image: image46.png]E(0|L) = ;557 + Zi5y



 with variance [image: image47.png]Var(0|I;) = alTﬁ



.
  Likewise, each agent will conditionally expect all other agents to have the same expectation and variance.  Fortunately, this is exactly what Morris and Shin (1999a) find when the distribution of [image: image48.png]


 is public knowledge as well.  Thus all agents will behave identically, and a unique equilibrium will exist in the same conditions.
In some ways this is a stronger and weaker propisition than our second proposition.  Proposition 3 is stronger because it allows agents to react to simply a moment of a distribution, rather than a distribution itself.  Unfortunately, we have had to do away with bias in our analysis.  We could assume that the public signal y is not centered on [image: image49.png]


 but we would have to assume our agents are not aware of this condition to get the same results.
  Treating our agents as stupid is not only theoretically unattractive, it flies in the face of human nature.  If we were to relax this assumption earlier, we could expect our agents to behave in any manner that the public signal tells them to.
Up to this point we have only characterized the equilibrium structure of a global game with common knowledge; finding that the results of Morris and Shin (1999a) are robust to many different characterizations of public knowledge.  However,  the comparative statics of this model with common knowledge would be both intellectually interesting and provide useful information for policy makers.  Fortunately, Metz (2002) has already taken care of the analytics.  For the purposes of brevity the mathematics will be kept to a minimum.  
The first thing that we might ask is how the magnitude of the public signal effects the unique equilibrium value [image: image50.png]


.  Not surprisingly, Metz (2002) finds that as the public signal  rises, the higher speculators expectations of [image: image51.png]


 become, thus decreasing the number of speculators who would attack, which lowers [image: image52.png]


.  However, the effects of the precision of the public and private signals are not so clear.  If the critical value [image: image53.png]


 is higher than the mean of the distribution of [image: image54.png]


 (y) plus a function of transaction costs, payoff and the precision of both signals ([image: image55.png]0* >y +
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.
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 is essentially opposite. If [image: image59.png]
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.  It is difficult to give a straightforward explanation of these effects.  There are three ways in which both [image: image61.png]


 and [image: image62.png]


 influence behavior.  They both effect the variance of the signal, the expectations agents form and the variance of the expectations that different agents form.  All three of these indirect influences can have different effects at different values of [image: image63.png]


.  Note that these results just apply to the general case of Morris and Shin (1999a).  Similar, but superficially different relationships would hold for all three cases outlined above.
Endogenous Public Knowledge


Note that up until now we have just examined the role of a large institution or investor in disseminating information.  This could include a case where this would be a speculator who is attempting to capitalize on their public announcement.  However, if a speculator has a global audience they are likely to be large relative to the other speculators.  This leads to a different game than Morris and Shin (1998).  Without considering the role of public information Corsetti et al. (2004) examined a global game with many small traders as well as one large trader, finding that a unique equilibrium exists and that the presence of a large trader increases the critical value [image: image64.png]


 when uncertainty is small.
  Additionally, if the large traders information is precise relative to small traders this will lead the critical value to increase as well.
  These results are not immediately intuitive.  To quote the authors: 
“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.” (Corsetti et al. 88)  

With heterogenous traders an unique equilibrium is maintained, but the actual critical value [image: image65.png]


 decreases.  However, this analysis ignores the role of a large trader in dissemenating public information.  If we are talking about the role of a Soros-like figure in a currency crisis we must consider both the influence of their large large size as well as their ability to globally signal.  Lets us imagine a model identical to Corsetti et al. (2004) but add the assumption that the large speculator will publically disclose their signal.  I conjecture that this will greatly decrease the critical value [image: image66.png]


, thus the probability of a speculative attack.  The large trader’s public information could serve as a coordination point for the small investors, encouraging them to attack even when a public signal not associated with the large trader but of the same [image: image67.png]


 would not create such action.  The effect of the large trader’s signal will be increasing in the relative size of the large trader.  Alternatively, because the large trader’s public information greatly reduces 1st order uncertainty the stability of an unique equilibrium could be threatened, bringing us back to the multiple equilibria of Obstfeld (1996).  Unfortunately, I cannot design an analytic proof to do justice to this model.  Perhaps this would be fruitful soil for future research.

In addition to a large trader, there is a second mechanism that could endogenously produce public knowledge within a standard economic frame work.  Atkeson (2000) notes that if we allowed speculators to trade assets that would provide a certain pay out ex post the price of this asset would reflect the aggregate expectation that the peg would collapse.  Agents would be able to view this price, and since the stochastic noise component of private information is symmetrically distributed around  [image: image68.png]


 an equilibrium price under perfect asset markets would perfectly reflect the true state of the world.  In other words, we are back to the logic of Obstfeld (1996).
  This critique is particularly compelling because we know that currency speculators trade claims to future currency (the forward trade).  Furthermore, we know that the forward rate does reflect information about default.  For example, in the days preceeding the Argentinian Central Bank devaluing the peso the in January, 2002 the 180 day forward rate was trading at roughly half the value of the spot rate (Baccino 2002).  Perhaps if market imperfections are assumed we could create a model where asset trading yields a imperfect signal of [image: image69.png]


 (but with a known distribution).  My first thought was that if such a market structure exists then the model would reduce to our simplist model with a public signal Morris and Shin (1999a) and a unique equilibrium could exist.  However, Angeletos and Werning (2006)  create and analyze such a model and find that uniqueness of equilibria is significantly weakened, but can still exist provided that the noise in the aggregation of information and the private noise is sufficiently large.


Endogenous sources of public information seem to threaten the stability and uniquness of equilibria in Morris and Shin’s (1998) framework of global games.  Both ways of disseminating public information, prices and large traders, seem to be an important part of currency speculation and crises empirically.  Because of these extensions’ empirical importance and compelling implications we should seriously rethink the policy implications of Morris and Shin. (1998)

Dynamic Global Games.


The models we have examined up until this point are fundamentally static.  In other words all the speculators must simultaniously decide whether or not to attack, ensuring there is no element of time.  A more realistic game could add a dynamic element and allow players to play repeatedgames and possibly observe the actions of previous players before making there own choice.  Morris and Shin (1999b) were among the first to explore this class of games but their analysis essentially reduces each stage to an isolated static game.  It is important to  note that the conditions outlined in Morris and Shin (1998) do not in general result in a unique equilibrium for a dynamic global game.  The first uniquness results were established by Heidues and Melissas (2006) and Giannitsarou and Toxvaerd (2003).  These former authors generate a unique equilibrium under imperfect information by including cohort effects while the latter consider strategic complementarities.In the past several years a small but growing research program has emerged where the structure of a dynamic global game is applied to study various forms of regime change such as bank runs, currency devaluations and financial crises.  
Angeletos et al. (2007) create a model which is ideal for continuing our discussion on the role of information.  Their model essentially directly applys the framework of Morris and Shin (1998) into a game of multiple periods.  Players receive a noisy idiosyncratic signal that is unbiased and distributed normally and must decide whether or not to attack every round.  Additionally, the fundamental value [image: image70.png]


 is drawn from a normal distribution with mean y.  The first round will be identical to the static game but in each subsequenct rounds agents will receive additional signals and can revise their expectations based on the results of the previous round.
  This model then has two implications for currency crises: (1) agents will update their information as the game progresses and (2) there will many attacks on the peg rather than just one.  The authors find that a unique monotone equilibrium can exist in such a game provided that y is so low that a sufficent number of speculators aggressivly attack causing the status quo to be abandoned in the first period.
  If the game goes on longer than one period, there exists many monotone equilibria and for sufficently large values of y there exist an infinite number of monotone equilibria.  The last case (large y) is the most interesting.  Angeletos et al. (2007) predict that these equilibriums consist of periods of attacks where consectutive attacks become increasingly large until they reach a critical value and a period of peace ensues.  These periods will alternate back and forth indefinitely.  Furthermore, after a period [image: image71.png]


 the equilibrium becomes indeterminate with a speculative attack being possible, but not certain in every single period.  The authors find this result very intriguing, noting:
This seems to square well with the common view that economic fundamentals may help predict eventual outcomes (e.g., whether a currency is eventually devalued) but not when a crisis will occur or whether attacks will cease.  On the contrary, this view is inconsistent with the common knowledge version of the model (eg Obstfeld (1994)), in which fundamentals fail to predict both the timing of attacks and the eventual regime outcome whenever they are inside the critical region. It is also inconsistent with unique-equilibrium models like Morris and Shin (1999), in which both the timing of attacks and the ultimate fate of the regime are uniquely pinned down by the fundamentals.
Fortunately, Angeletos et al. (2007) also extend their analysis to include the addition of public knowledge to the game.  In addition to receiving a private signal agents also have access to a noisy public signal distributed around [image: image72.png]


.  The authors find that this eliminates the possibility of a single equilibrium because there exists enough common knowledge to introduce uncertainty about the outcome of any round, even the first.
However what attracted me to explore dynamic global games was the potential to explore how agents updating information could explain how currency crises are transmitted across borders.  Some authors have explored financial contagion using a dynamic framework; Goldstein and Pauzner (2004) explore how financial panic could be transmitted across borders due to the wealth effect changing investors’ preferences and Goldstein (2005) examines the interaction of the bank runs and currency crises in generating contagion.  It appears that no author has looked at the  impact of information flows in causing contagion of currency crises using a dynamic global game model.
Although I am incapable elaborating a model, I would like to sketch out a tentative version of what I have in mind.  Assume that there are two groups of investors who act in sequence, call them speculators and the panicked mob, and that even though they attack in different periods the peg will collapse if the sum of their attacks is large enough.  Imagine that the game does not end when the status quo is overturned, but a new status quo arises (contagion).  Both groups would receive different signals, where the first group’s signal is more negative ([image: image73.png]


 is lower) than the second group’s signal, causing them to be more behave more aggressively.  Finally, assume both groups update their expectations in response to past events.

Now let us say that in the first period the first group masses a relatively large attack.  The second group will update their expectations based on the size of this attack and mount a larger attack than they would have if the first group was not observed.  Imagine that this action is large enough to collapse the initial status quo.  Now the first group has observed the second group’s actions and expects them to behave more aggressively than they would naturally act.  This will in turn cause the first group to act even more aggressively because of their inflated expectations about the second group.  The two groups will create a cycle of positive feedback that will not cease until they meet a currency regime that even their large attack cannot topple.  At such a time both groups will begin to revise their expectations downward, ending the crisis cycle.  In the future I would like to return to this framework and analytically test the implications of these assumptions.
Conclusion
This paper examined the robustness of the equilibrium structure of Morris and Shin (1998) under a variety of assumptions of public information.  I found that if public information is exogenous and the game is static then the games have unique equilibrium for a wide range of parameter values.  However, if information is endogenous within the model, or there is more than one period the uniqueness result collapses.  This implies that policymakers should be very wary of taking policy recommendations from a static global game model.  Finally, I ended the paper with a proposal for a dynamic model of contagion using endogenous information.  Although this section is somewhat of a thematic break from the previous work it was the issue of contagion that attracted me to exploring the global game framework.  Hopefully I can return to it in the future.
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� Morris and Shin (1998) assume � is distributed uniformly.  However, Atkeson (2001) and virtually all subsequent work shows that the results hold for a wide range of possible distributions, including the normal distribution.  The normal distribution is used in all the models we examine.


� We are ignoring the case where there is no private information but imperfect public information in a global game framework, explored by Prati and Sbracia (2001).  Additionally, there is a whole body of literature on ‘sunspots’ that focuses on the use of public information as coordinating devices.  The sunspot literature differs from global games because in a sunspot models public knowledge does not contain meaningful information about the fundamentals of an economy.  In essence, we are interested in information as knowledge, not information as simply a coordinating device.


� For a theoretical justification of central bank opaqueness in a global game model see Morris and Shin (2002).


� Note � is the information set of speculator i.


� If the agents knew the bias they would know �.


� The actual relationship is if � is true then � where y is the mean of the distribution of �, t is transaction costs, D is the payoff from a successful attack, � is the normal cumulative probability function and � is the precision of the public signal.  If the converse is true then �.  


� Specifically when �, �, and � where � is the precision of the small traders’ signal, � is the precision of the large trader’s signal, and r is a nonzero positive scalar.


� IE � at the limit.


� The logic of Atkeson’s (2000) criticism is slightly different than mine.  He argues that agents will trade claims that have two possible values, for the states � and � respectively.  He then argues that based on these prices all agents should decide whether to attack or not (no uncertainty).  I argue that the asset prices will actually reveal  �.  Paradoxically,  all agents will know whether there would have been an attack if there was no assets, but will be uncertain once they know the true state of the world.  


� I stumbled upon this article well after I wrote this section.  I was not able to fully integrate it into the preceeding argument.


� Agents know the result of past attacks but not their size.


� This equilibrium requires that y is low and � is and extreme moment of the distribution.
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