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Abstract

We propose a novel theory of financial contagion. We study global coordination games
of regime change in two regions with an initially uncertain correlation of regional
fundamentals. A crisis in region 1 is a wake-up call to investors in region 2 that induces a
reassessment of local fundamentals. Contagion after a wake-up call can occur even if
investors learn that fundamentals are uncorrelated and common lender effects or balance-
sheet linkages are absent. Applicable to currency attacks, bank runs and debt crises, our
theory of contagion is supported by existing evidence and generates a new testable
implication for empirical work.

JEL classification: D82, F3, G01
Bank classification: Exchange rates; Financial stability; International financial markets

Résumé

Les auteurs proposent une théorie inédite de la contagion financiére. Ils étudient les jeux
globaux de coordination autour d’un changement de régime dans deux régions dont les
facteurs fondamentaux présentent initialement une corrélation incertaine. Une crise dans
la premiére région envoie un signal d’alerte aux investisseurs de la seconde, ce qui
pousse ces derniers a réévaluer les facteurs fondamentaux de leur propre région. Il peut y
avoir contagion apreés I’envoi de ce signal, méme si les investisseurs apprennent que les
facteurs fondamentaux des deux régions ne sont pas corrélés et qu’on observe une
absence d’effets de créancier commun ou de liens entre les bilans. Cette théorie de la
contagion, qui s’applique aux attaques contre la monnaie, aux retraits massifs de dépots
bancaires et aux crises d’endettement, est corroborée par les données existantes et géenéere
une nouvelle prédiction susceptible d’étre testée par des travaux empiriques.

Classification JEL : D82, F3, G01
Classification de la Banque : Taux de change; Stabilité financiére; Marchés financiers
internationaux



Non-Technical Summary

What are the causes and channels of financial contagion? Testions are im-
portant for academics and policy-makers alike. One pomx¥planation for finan-
cial contagion is the wake-up-call hypothesis. Accordiaghis hypothesis, a fi-
nancial crisis in region 1 is a wake-up call to investors mioa 2 that induces them
to reassess the fundamentals of region 2. Such a reapprisst can lead to a fi-
nancial crisis in region 2, either due to weaker local fundatals (perhaps because
of exposure to region 1), or due to greater uncertainty alocat fundamentals.

There is a great deal of empirical evidence on contagioncbasevake-up
calls across markets and over time. Studying equity madketag the global finan-
cial crisis of 2007-09, wake-up calls were identified as tedriver of contagion.
Analyzing euro area sovereign bond markets, contagiondbaséhe wake-up call
of the Greek crisis of 2009-10 has been documented. Studbhgind markets dur-
ing the Asian crisis in 1997, evidence for contagion basetherreassessment of
risks in some countries has been reported. The Russias @1idi998 has been
viewed as the outcome of a wake-up call in emerging marketsh&rmore, wake-
up call effects have been documented in banking crises,asidiring the Russian
banking panic of 2004 and the Panic of 1893 in the United State

Despite the empirical evidence for the wake-up-call costaghannel, there
has been little theoretical work on the wake-up-call hypeib. Our paper closes
this gap by proposing a wake-up-call theory of contagion.fodas on the coordi-
nation aspect of financial crises, which is at the heart oferway crises, bank runs
and debt crises. A crisis occurs if sufficiently many depwsitwithdraw from a
bank, currency speculators attack a peg or creditors dootatver debt.

Based on the global games framework, we develop a model withiggions
that move sequentially and where the correlation of redifumalamentals is uncer-
tain ex ante. Contagion is defined to occur when the prolbgbiiia crisis in region
2 is higher after a crisis in region 1 than after no crisis mioa 1.

We show that contagion occurs even if investors learn thgibnal funda-
mentals are uncorrelated ex post and when common lendeedaorde-sheet links
are absent. Thus, our theory explains how a wake-upirca#iolation transmits
financial crises. It thereby captures thake-up-call componemmtf contagion.



1 Introduction

The causes of financial contagion are an important questimrnérnational finance.

For example @12) distinguishes four mutually-exciusive channels
of contagion: trade, banks, portfolio investors and wagecalls. According to
the wake-up-call hypothesis, a popular explanation fortagion put forward by

8), a financial crisis in region 1 is a wake-af} t investors in

region 2 that induces them to reassess the fundamentalgiohr2. Such a reap-
praisal of risk can lead to a financial crisis in region 2, eitdue to weaker local
fundamentals or greater uncertainty about local fundaatent

The empirical literature documents support for wake-ulpecetagion across
markets and over time. Studying equity markets during tledajl financial crisis
of 2007-09 AB_ekaﬁtt_e_tLlL(ZdM) identify wake-up callsteskey driver of con-
tagion. Analyzing euro area sovereign bond marll_eis_‘m. [(;OJS) find
empirical evidence for contagion based on the wake-up ¢aHeoGreek crisis of
2009-10. Studying bond markets during the Asian crisis i971@1 @2)
finds evidence for contagion based on the reassessmenk®frrisome countries.
Van Rijckeghem and ngér_@OB) view the Russian crisis §81%s the outcome
of a wake-up call in emerging markewwom)a‘imm-up-call effect
during the Russian banking panic of 2004, where the seitgit’deposit flows to

bank capital remained elevated, regardless of the inttamuof deposit insurance.
From a historical perspecti\,lg, Ramirez and Zandb&wlggﬁoaﬂncument evidence
for contagion based on the wake-up call of newspaper repbist distant bank
runs in the Panic of 1893, which led to elevated deposit wétvdls in Montana.

Despite the empirical evidence, there has been little #ieal work on the
wake-up-call hypothesis. Our paper closes this gap by iogaa wake-up-call
theory of contagion. Based on global ga rlsson an 1993), we
develop a model with two regions that move sequentially ahérey the correla-

tion of regional fundamentals is uncertain ex ante. Cootags defined to occur
when the probability of a crisis in region 2 is higher afterrgis in region 1 than
after no crisis in region 1. We show that contagion occursévavestors learn
that regional fundamentals are uncorrelated ex post and whmon lenders or
balance-sheet links are absent. Our theory explains hovka-wa callin isolation
transmits financial crises. It captures thake-up-call componemtf contagion.



We consider a standard global coordination game of regiraagd with in-
complete information about the fundamer‘]tal (Morris angﬂ@é) in each region.
A financial crisis occurs in a given region if sufficiently nyanvestors act against

the regime (attack a currency peg, withdraw funds from a pantefuse to roll over
debt). In contrast to the standard game, our model is selefirst, investors in
region 1 decide whether to act, which determines the outaomegion 1. After-
wards, investors in region 2 observe whether a regime chacgared in region 1.
Moreover, if and only if a crisis occurs in region 1, addigmformation becomes
available to investors in region 2, or can be acquired clyeépecifically, after a
crisis in region 1, all investors in region 2 observe the améntal in region 1, and
a proportion of investors observe the realized correladforegional fundamentals.
This informational asymmetry around crises is a key assiomphat can be justi-
fied by the news coverage of crises and public inquiries. Weudis in section 5.3
how this assumption can be relaxed without affecting ouriksights.

We start by analyzing the case of exogenous information.ceSinvestors
are heterogeneously informed about the correlation ofdomehtals, the prior be-
liefs about the fundamental of region 2 are heterogeneowssiww that a unique
equilibrium in region 2 exists in this environment if prieahformation about the
fundamental is sufficiently precise (Propositidn 1).

A crisis in region 1 is a wake-up call to investors in regior©2ir main result
is to show that contagion can occur even if these investars lhat fundamentals
are uncorrelated (Propositibh 2). By focusing on the casénioh fundamentals are
observed to be uncorrelated, we isolate the wake-up-calpoment of contagion
and, hence, go beyond information contagion.

The wake-up call induces investors to reassess the fundahienmegion 2
in two ways. First, the mean of the local fundamental is loaféer the wake-up
call. No crisis in region 1 would have been favorable newsrémion 2, since
fundamentals may be positively correlated, resulting irositive mean effect In
contrast, learning that fundamentals are uncorrelated aftrisis in region 1 has an
overall neutral effect, since information about region Limsnformative, resulting
in no effect on the mean of the local fundamental in region@keh together, the
probability of a crisis in region 2 is higher after a crisisrggion 1 and learning
about uncorrelated fundamentals than after no crisis ilonety



Second, the variance of the local fundamental is higher afteake-up call.
When fundamentals are known to be uncorrelated, observonigia in region 1 is
uninformative for investors in region 2. Hence, there camiteater disagreement
among investors about the fundamental in region 2. Sincégiufiormation about
the local fundamental is less precise, investors who acenméd about the zero cor-
relation put greater weight on their dispersed privaterimftion. Greater disagree-
ment is reflected in more-dispersed forecasts. Vargance effectan increase the

probability of a crisis in region j_(MA{Z_ZdOb_Hﬁm&maun_dl]ng bQ_Qi). As a

result, investors attack the regime more aggressively.

Both the mean and the variance effects go indaedirection for the result
of wake-up-call contagion. The variance effect is abseménspecial case where
all investors are uninformed about the zero correlatioruofibmentals. Wake-up-
call contagion still obtains, since the mean effect in isolasuffices for the result.

We further explore the effect of disagreement among investn contagion.
We show that, if fundamentals are uncorrelated, contagaonncreasein the pro-
portion of informed investors (Propositioh 3). As more istars are informed,
more investors learn that fundamentals are uncorreldted,revising upward both
the mean and the variance of the local fundamental. In trss,che mean and
variance effects go inppositedirections. This result on aanhanced perception of
risk hinges on a large variance effect, which enhances the @sagmt among in-
formed investors. Specifically, for the variance effect tiiveeigh the mean effect,
a lower bound on the fundamental in region 1 is required.

Our result on the enhanced perception of risk has new intmits for the

empirical literature on banking and currency crises. Titésdture studies the role
of trade links RM@%), financial Iin@i&@gﬂe&&dﬂeﬂer
,), and institutional similaritiéi@&ig.@i&el&ﬂi). Our theory sug-

gests that the likelihood of contagion depends non-liyeanlthe characteristics of

region 1. In particular, after controlling for the fundantes of region 2, a crisis
in region 1 due to extremely low fundamentals is less likelyspread if funda-
mentals are uncorrelated. Conversely, a crisis in regioneltd moderately low
fundamentals is more likely to spread if fundamentals amrtnelate

1The importance of non-linearities has been examined by é=mahd Rigobon| (2002) and
Bekaert et al.[(2014) in the context of financial market nestand the transmission of information.

[Favero and Giavazzi (2002) contrast contagion with “flihtyuality” episodes.




Building on a standard global coordination game of regimenge, the wake-
up-call theory of contagion has several applicati®risor currency crises, specu-
lators observe a currency attack and are uncertain aboumdlgeitude of trade or
financial links or institutional S|m|Iar|tE For rollover risk and bank runs, whole-
sale investors observe a run elsewhere and are uncertaihiatewbank exposur
For sovereign debt crises, bond holders observe a sovetefgalt elsewhere and
are uncertain about the macroeconomic links, the commitiwfethe international
lender of last resort, or the resources of muItiIateraIctnﬂifund@ For political
regime change, activists observe a revolution, e.g. duhadirab Spring, and are
uncertain about the impact on their government’s abilitgtay in powe

In contrast to alternative theories of contagion, we dertratesthat contagion
can occur even if common lender effects or balance-shé&ides are absent and in-
vestors learn that fundamentals are uncorrelated to this cegion ex post. Regard-

ing balance-sheet links, SEQ Allen and J}MOOO)LMQM) for inter-

bank links aan Kiyotaki and Mgdrla (2d02) for balance-sheetagion. For a com-
mon discount factor channel, Je_e_AmmﬂLa.ndl I‘l/lel (|19964_a_nd_egnhd_|2m§k}e

M). Regarding a common investor base,l_s_e_e_G_QIdﬂﬂlﬂamhérl_(ZQ_Mi for
risk aversmn] Pavlova and RngthJn_(;bOS) for portfolio swaints, anta

.El) an.h@ 3) for learning about other investorsetms of ex-post corre-

lated fundamentals, s 998) for a common risk faat

ZQ_O_é) an(h_AH_en_el_aL 012) for asset commonality amontkband information
contagion. Se-e 1999) for a model with information agitn and unin-
formed junior claimants. SAMJEL&OlB) for a maidieiformation
contagion in the context of model uncertainty. In contra&,provide a novel and
complementary theory of contagion based on the reassessirlenal fundamen-

tals after a wake-up cafl.

2See also Angeletos etlal. (2006) and Dasgupta (2007).
3See also Morris and Shih (1998) and Corsetti et al. (20043 fone- regmnal %Iobal ame that

builds on the earlier work of Krugman (1979), Flood and Ga(t684), an
4See also Rochet and Vives (2004) and Goldstein and Pauz0@%)(for a one- reglonal global

game that builds on the earlier worklof Diamond and Dybyvig3@)9
5See also Corsetti etlal. (2006). $See Drazen (1999) for meshipszontagion.

5For a one-regional global game of political regime changi® whdogenous information ma-

nipulation or dissemination, see Edmbhd (2013)land ShadarehBernharf{ (2015), respectively.

"Contagion arises in_Calvo and Mendoza (2000), since glpdiédin shifts the incentives of in-
vestors from costly information acquisition to imitationdadetrimental herding. By contrast, con-

tagion arises in our paper because investors acquire iaftwmmafter a wake-up call, which induces
the reassessment of local fundamentals.

er



We show that our contagion results and the underlying ptgssof equilibria
prevail under endogenous information, provided that miation is more cheaply
available after a crisis. We start by analyzing the valuafafrimation about the cor-
relation of regional fundamentals. In the model wettogenous informatigman ex-
ogenous proportion of investors learn about the corredatfter a crisis in region 1.
We find that the private value of information about the catieh of fundamentals
increases in the proportion of informed investors. Thiatetyic complementarity in

information choices is similar do_lj_ellmg_a‘ndleldkﬁn{p_(ﬁ)i)who first studied

the optimal information choice in strategic models. Thegvgithat the information

choices of investors inherit the strategic motive of theartying beauty contest
game. In contrast, we study the acquisition of publicly Ekde information about
the correlation of fundamentals in a global game of reginange.

In our model, the priors about the regional fundamental aterbgeneous
across investors. This arises from both the initial uncetgaabout the correlation
and the learning of the realized correlation by a proportbmvestors. Specifi-
cally, the prior of uninformed investors follows a mixtur'estrdibutionH Informa-
tion about the correlation can increase or decrease thespeof the prior about
the local fundamental. Hence, there can be greater disagreeamong informed
investors after a wake-up call, which contributes to coitagWhile uninformed
investors play an invariant strategy, informed investans tailor their strategy to
the observed correlation. This benefit of tailoring theiatggy to the observed cor-
relation underpins the strategic complementarity in infation choice and, in the
model withendogenous informatigmprovides incentives for investors to acquire
costly information about the correlation.

Based on the strategic complementarity in information obsj we find that
there exists an equilibrium in which all investors acquirermation after a cri-
sis in region 1. This allows us to reinterpret our previoustagion results for the
case of endogenous information, since investors do noticgquormation after
no crisis in region 1, provided information is more cheaplgikable after a crisis
event. In sectioh 513, we discuss how the assumption of thenrational asymme-
try (the availability or cost of information depending on hether a crisis occurred
in region 1) can be relaxed without affecting our key insgglitinally, we also endo-

8In a global game with mixture distribution's, Chen €t al. (20tlevelop a theory of rumors
during political regime change. However, they abstraatflimth contagion and information choice.



genize the information precision of private signals, eLg’kl@ and Trgvi[H_(;O_iZ),

and show that private information choice strengthens aulte

This paper proceeds as follows. We describe our global ganoel with
initial uncertainty about the correlation of fundamenitalsection 2. Using mix-
ture distributions, we obtain the unique equilibrium undrogenous information
in section(B. Next, we establish the result of contagionradt@vake-up call un-
der exogenous information. In sectioh 4, we develop thetimaail result of the
enhanced perception of risk after a wake-up call and dertestable implication.
Subsequently, we endogenize the information of investosectior b, where we
also establish a strategic complementarity in informatiooices. Furthermore, we
discuss a relaxation of our assumption about the informat8&ymmetry and show
how our results are enhanced when investors can also aeqarneeprecise private
information. Sectiofl6 concludes. Derivations and proodsiathe appendices.

2 Model

We study a sequence of global coordination games of regiegehin two regions
indexed byt € {1,2}. Each region is inhabited by a different unit continuum of
risk-neutral investors indexed by [0,1]. Investors in regiom = 1 move first and
are followed by investors in regidn= 2.

In each region, investors simultaneously decide whethattazk the regime,
at = 1, or not,a; = 0. The outcome of the attack depends on both the aggregate
attack size A, = fola;t di, and a regional fundamentél € R that measures the
strength of the regime. A regime change occurs if sufficjemtny investors attack,

A > 6. FolIowingEJs ), an attacking investor receivesadfith; > 0 if a
regime change occurs, and incurs a lss 0 otherwise, wherg = ﬁ € (0,1)
captures an investor’s relative cost of failure in regigimvestor conservatism):

u(ai =1.A.8)=b La-g) 4 Lia<q)- (1)

The payoff from not attacking is normalized to zero. Thus,rilative payoff from
attacking increases in the attack sfgeand decreases in the fundameralHence,
the attack decisions of investors exhibit global strategimplementarity.



A regime change can be a currency crisis, a bank run or a sguedebt
crisis. The fundamental can be interpreted as the ability ofonetary authority

to defend its currenc =|2QD:I1), the measure

of investment profltabllltyL(RQQhei_andM%_s_ZJ)dA_G_lemd_BaLmnHLZQbS;
Corsetti et alll QdG), or a sovereign’s taxation power ofinghess to repay. In-

vestors are interpreted as currency speculators, retahotesale bank creditors

who withdraw funds, or sovereign debt holders who refusef@wer.

The first key feature of our model is an initial uncertaintgatthe correlation
between regional fundamentals. We assume that the céorefat= corr(6y, 6,) is
zero with probabilityp € (0,1) or takes a positive valuyeq € (0,1):

0 wp.p
p= 2)
PH W.p.1—p.

The initial uncertainty about the correlation of regionahdlamentals is motivated
by our applications to financial crises. In the context ofrency attacks, the ex-
ante uncertain correlation reflects the unknown magnit@ittade or financial links
or the unknown institutional similarity. In the context odifk runs, it reflects the
uncertainty about interbank exposures. In the context eérgagn debt crises, the
uncertain correlation reflects the uncertainty about theroeonomic and financial
links across countries. It could also reflect the uncenaatiout the resources and
commitment of multilateral bailout funds or the internatblender of last resort.

Fundamentals follow a bivariate normal distribution witeany; = u, pre-
cisiona; = a € (0,0), and realized correlatiop. There is incomplete information
about the fundament#l (Carlsson and van DamHJe 1§93). Each investor receives

a noisy private signal; before the attack decisioln_LM_Qtl:is_a.nd_ElbiiLn_dOO?,):
Xit = 6[ + Eit (3)

where idiosyncratic noisg; is identically and independently normally distributed
across investors with zero mean and precigan (0,). The regional fundamen-
tals, the correlation and the sequences of idiosyncratgerterms are independent.

The second key feature is an informational asymmetry. Oftdy a financial
crisis in region 1, additional information becomes avdé#db investors in region 2,



or can be acquired cheaply by them. This assumption can begddy the news
coverage of crises and public inquiries. Therefore, weragdhat the realized fun-
damentald; is publicly observed and a proportione [0, 1] of investors learn the
realized correlatiop. These two pieces of additional information are available i
and only if a crisis occurs in region 1. We discuss the relaratf this informa-
tional asymmetry in sectidn 8.3. The information strucisreommon knowledge.

Tablel summarizes the timeline of events.

Date 1. e The correlation of fundamentatsis realized but unobserved.
e The fundamental&by, 6>) are realized but unobserved.

Coordination stage

e Investors receive private information about the fundament#.
e Investors simultaneously decide whether to at@gk
e Payoffs to investors in region 1.

Date 2: Information stage: fundamental reassessment in regn 2

e After a crisis in region 1, the following information is alatle:

¢ the fundamentad; is observed and
e a proportiom of investors obtain information about the correlatmn
e In contrastg; andp are unobserved if there is no crisis in region 1.

e Investors reassess the local fundameéjal

Coordination stage

e Investors receive private informatiog» about the fundament#b.
e Investors simultaneously decide whether to att@agk
e Payoffs to investors in region 2.

Table 1: Timeline of events



3 Unique equilibrium with wake-up-call contagion

We briefly review the well-known equilibrium in region 1 (e.bA_QLLiS_and_S_thn
). A Bayesian equilibrium is an attack decisanfor each investor and an

aggregate attack sizg that satisfy both individual optimality and aggregation:

al; = arg max E[u(a,Ar, 61)|x1] = a(xi1), Vi
aile{ovl}

AL = [ a0 VBo(V/Blx— 61))dxa = Ay,

where@(-) and®(-) denote the probability density function (pdf) and cumuiati
density function (cdf) of the standard Gaussian.

Result 1 Morrisand ;hid _;O_O_é) If private information is sufficiently precisg, >

B,= g—; € (0,), then there exists a unique Bayesian equilibrium in rediomhis

equilibrium is characterized by a signal thresholgl, and a fundamental threshold,
0. Investor i attacks whenevejix X7, and a crisis occurs whenevéy < 6;. The
fundamental threshol@; is defined by

o) =0 o0 [ g e ) =n @
and the signal threshold;xs defined by X= 6; + ﬁ(b‘l(ef).
To simplify the exposition, we make an assumption to enswaed = u:
vlzl—cb( b drl(u)). ©)
Va+p

The fundamental threshol8f decreases ip and increases iy. Therefore, there
exists a uniquey that ensures thal; = p. Our results generalize, as shown in

Ahnert and Bgrts&ﬂ_@Q}LS).

We next turn to region 2. Investors in region 2 use all avég@iformation to

reassess the local fundamenial If no crisis occurred in region 1, investors only
learn the even®, > 67, but not the realized,. If a crisis occurred in region 1 a
wake-up call more information is available to investors in region 2. iAllestors
learn6; and a proportiom of investors are informed, learning the correlatmn

10



The equilibrium in region 2 is characterized by indiffererand critical mass
conditions. Different from the analysis of region 1, there awo distinct funda-
mental thresholds — one for each realized correlation — lansl tiwo critical mass
conditions. Similarly, there are three indifference cadiodis — one for uninformed
investors and one for informed investors for each realizadetation. We derive
these conditions in AppendixA.1.

Proposition 1 Existence of a unique monotone equilibrium. If private informa-
tion is sufficiently precise, there exists a unique monotdagesian equilibrium
in region 2 for any proportion of informed investors,en|0, 1]. This equilibrium is
characterized by signal thresholds for informed investgr&n, p, 61), and for unin-
formed investors,x(n, 61), as well as a fundamental threshd&l(n, p, 6,) for each
realized correlatiornp € {0, py }. Investors attack whenever their private signal is
sufficiently low, % < x;(n, 81) if uninformed and s < x/(n, p, 61) if informed. A
crisis occurs whenever the fundamental is sufficiently w; 65 (n,p, 61).

Proof See Appendik A2, in which we also derive the thresholds.

The equilibrium analysis of region 2 is more complicated tiwo reasons.
First, after a crisis in region 1, the priors about the regldnndamental are het-
erogeneous across investors, since only informed investuserve the correlation.
Second, both the prior and the posterior of an uninformeestor follow a mixture
distribution, so normality is lost. Similarly, mixture diigoutions are used for all
investors after no crisis in region 1. Using the resulds_dglmﬂ ,19_&]l.) anlﬂﬂi&s
_ﬁ), we show that the best-response function of an iddaliinvestor strictly in-
creases in the thresholds used by other investors (see pfsndiX/A.1.8). Hence,
the common requirement of precise private information sedfifor uniqueness in
monotone equilibrium despite heterogeneous priors antuneixlistributions.

After the wake-up call of a crisis in region informed investorseassess
the fundamental in region 2 by using bd#handp. They form an updated prior,
where normality is preserved. The conditional megmip, 6; = p61+(1—p)u =

H2(p, 61), and the conditional variance és|p = 1f’p2 = az(p):

1—p?
92\0791~JV<P91+(1—P)H, a ) (6)
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By contrastuninformed investorsan only useéd; to reassess the fundamental
in region 2. They form a mixture distribution betweésjp = 0 and6,|p = pn, 61,
using the ex-ante distribution of the correlation as weight

02[01 = p-[62]p = 0]+ (1—p) - [62]p = pH, 61] . (7)

Similarly, after no crisis in region 1, all investors arenfiormed and build a weighted
average over this mixture distribution for & > 6;.
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Figure 1: Reassessment of the local fundamental: The upgate distributions of
informed investors for zero correlation (dashed browngijtpee correlation (dotted
blue) and of uninformed investors (solid red). Parameters:0.8,a =1,p=0.7,
pu = 0.7, 6, = 0.5 (left panel),0; = —1 (right panel).

Figure[1 shows the reassessment of the local fundamenéal aftrisis in
region 1. It depicts the updated prior distributions of stegs. The updated prior
of informed investors, who learn about a zero correlatias, the highest mean and
variance. In contrast, learning about a positive correfalitads to an updated prior
distribution with the lowest mean and variance. The updateat distribution of
uninformed investors can be unimodal, similar to a normstritiution with fat tails
(left panel), or bimodal for small values 6f (right panel).

Subsequently, investors use their private informatigrto form a posterior
about the fundamental in region 2. First, the posterior fafrimed investors depends
on the correlationf,|p = 0,X» and 62|p = px,Xi2. These posterior distributions
are conditionally normally distributed with greater pston and a mean shifted
toward the private signati,. Second, uninformed investors do not observe the
realized correlation, so they form a belief using the obséfundamentalf;, and
the private signal about the fundamental in regiox;2, Let p denote this belief

12



about a zero correlation of fundamentals derived and aedliiz Appendix A.1.P:

b= Pr{p = 0/61,%2}. ®)

Using the updated beligd 4s a weight, the posterior aboft is again an average
over the cases of positive and zero correlation, whichWala mixture distribution:

0/61,%i2 = P- [62|p = 0,Xi2] + (1 — P) - [B2|p = pH, 61, %i2] - 9)

The case of no crisis in region 1 is similar, since all investre uninformed about
the correlation of fundamentals. They build a weighted agerover this mixture
distribution for all6; > 6; (see also the proof of Propositibh 1).

Having established the existence of unique equilibriumpnenxt derive a re-
sult about information contagion in our set-up with uncertarrelation. A crisis in
region 1 is unfavorable news about the fundamental in refi@ince fundamentals
may be correlated, this crisis may also be unfavorable nbewstahe fundamental
in region 2. The reassessment of the local fundamentaéduces the expected
fundamental, increasing the probability of a crisis in cgg2.

This result mirrors the existing literature on contagiore do ex-post corre-

lated fundamentals. Information contagion has been eskesul b)L Acharya and YQruImaner
.ZQ_Qé) an(ﬁAHﬁﬂ_el_All_(ZQ‘llﬂL_Aghaua_andemlmLMMW that the fund-

ing cost of one bank increases after bad news about anothkemdeen the banks’
loan portfolio returns have a common factor. To avoid infation contagion ex
post, banks herd their investment ex alLeAeLELﬂLzﬁmmpare the impact of
information contagion on systemic risk across asset strest Adverse news about

the solvency of the banking system leads to runs on multiphé$.
Lemma 1 Information contagion. If private information is sufficiently precise and

investors are uninformed about the correlation of fundaraknn= 0, then a crisis
in region2 is more likely after a crisis in regioft than after no crisis:

Pr{6, < 6,(0,0,61) | 61 < 61} > Pr{6,<6,(0,0,61) | 61> 6}  (10)

Proof See AppendikBI1.
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This information contagion result obtains for the case inciwlall investors
are uninformed. Lemma 1 compares the probability of a citsiggion 2 condi-
tional on whether a crisis occurred in region 1. At the coréhefresult is anean
effect The prior about the fundamental is less favorable whenrelygga crisis in
region 1 due to the potentially positive fundamental catieh. Information conta-

gion is consistent with the empirical findingsJ of Eichengregal. I(LQ_QIG), whereby

a currency crisis elsewhere increases the probability ‘sgeculative attack by an

economically and statistically significant amount” (p. 2Yotably, the result of
Lemmd&l can be further generalized forrak [0,1).

Next, we demonstrate that contagion can occur even if invedéarn that
regional fundamentals are uncorrelated. Thereby, we gortzeynformation conta-
gion, where all investors are uninformed. We show that ggiotacan occur after
a wake-up call even if investors are informed and learn thgions are unrelated.
Thus, contagion can occur when fundamentals are uncardedet post and there is
no common investor base or balance-sheet link. Therefareall the result wake-
up-call contagion in isolation. Before stating this regatmally in Propositiod 2,
we need to characterize the strength of fundamentals.

Definition 1 Strong prior. The prior about the fundamental is stronguif(p, 61) >
max{X(p),Y(p)} for each realized correlatiop € {0, py }, where:

X(p) = q,<__v a2p) P drl(vZ)), (11)
VB
vip) = -2 oy, (12)
We focus on a strong prior, which shifts interest to the laftdf the distribu-
tion, and investors attack only after receiving a relajiMelw signal. As shown
in Appendix[B.2, a weak prior makes a crisis more likely rigitto the prior,
H2(p, 61) < 65(1,p,61) < 1, while a strong prior makes a crisis relatively less
likely, 0 < 65(1,p,61) < u2(p,61), for each realized correlation. Furthermore,
the accompanying comparative statics for a strong priod&¢1, p, 6,)/da <0,
dé;(1,p,6,)/dB > 0 andd6;(1,p,6,)/dus < 0. Absent ex-ante uncertainty and
learning, similar comparative statics have been deriv@ (2002). Equipped

with Definition[d, a main result under exogenous informafiows.
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Proposition 2 Wake-up-call contagion in isolation. Suppose private information
is sufficiently precise, public information is sufficientiyprecise, and the prior is
strong. Then, a crisis in regioRis more likely after a crisis in regiofh— even if a
proportion ne (0, 1] of investors learn that fundamentals are uncorrelated:

Pr{6, < 05;(n,p,61)|p=0,60 < 6;} >Pr{6, < 65(0,0,61)|60, > 67}. (13)

Proof See AppendikBI3.

The right-hand side of inequaliti (IL3) is unchanged retates/Lemmal and
represents the probability of a crisis in region 2 after nsisioccurred in region 1.
Since the correlation is unobserved in this contingen®y/ctinditional probability
allows for any realization of the correlatigne {0, py }. By contrast, the left-hand
side of inequality[(IB3) is the probability of a crisis in regi2 after a crisis occurred
in region landfundamentals are uncorrelated. A positive proportion eégtors,
or even all investors, learn about the zero correlation nfl&mentals.

Intuition  If fundamentals are uncorrelated, a crisis in region 1 dagsaffect
the probability of a crisis in region 2. If fundamentals amrelated, however,
a crisis in region 1 has consequences for contagion. Spabjfithe conditional
probabilities on both sides of inequalify {13) differ fordweasons, each associated
with the reassessment of the local fundameéal

First, the mean of the local fundamental matters. Learriad)no crisis oc-
curred in region 1 (favorable news ab@yj improves the mean of the updated prior
on the right-hand side becau8gandp are not observed and regional fundamen-
tals are potentially positively correlated. In contraftiglaa crisis occurred in region
1, learning that fundamentals are uncorrelated also inggdve mean of the up-
dated prior on the left-hand side, but by less. This is bex#us favorable news of
p = 0 after the unfavorable news of a crisis in region 1 has anativeeutral effect
on the mean oB,. Hence, thignean effectvorks toward the inequality stated in
Proposition 2.

Second, the variance of the local fundamental matters. ©teftthand side,
the public information about the local fundamen@alis less precise after learn-
ing that fundamentals are uncorrelated. Consequentiygtgrinformation becomes
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relatively more precise, which results in greater disage® among informed in-
vestors, who learn that fundamentals are uncorrelatedelptior is strong, greater
disagreement translates into more-aggressive attacka &arder probability of a
crisis ;. Hei JJg_Zd)OZ). Theriance effectvorks toward

the inequality stated in Propositibh 2.

We stress that both the mean and the variance effects go sathedirection.
If no investor is informedn = 0, the variance effect is zero. Hence, the mean effect
suffices to obtain the result in Propositidn 2. If some invesare informed after a
wake-up call, however, the variance effect also contribtenequality[(IB).

Relation to the empirical literature In the empirical literature, wake-up-call
contagion is often captured as a subset of information gomta after having con-
trolled for various alternative channels of contagion. ©bgctive of our theory is
to isolate the wake-up-call component of contagion, whscaichieved by focusing
on the element of contagion that prevails even if investeasrl that fundamentals
are uncorrelated. Translated to the empirical literatwefocus on the effect over
and above the (fundamental) contagion due to an observeélaiion of funda-
mentals ex post. In particular, after accounting for thelamentals of region 1 and
2, there remains an interaction between the occurrence w$ia m region 1 and
the fundamentals in region 2, which captures wake-up-caitaggion.

4 Enhanced perception of risk

To further explore the wake-up-call contagion result, vaelgtthe impact of changes
in the proportion of informed investors on the probabilifyaocrisis in region 2
when fundamentals are uncorrelated. The proportion ofinéal investors remains
exogenous in this section, but it will be endogenized latéere we establish an
additional result that contributes to the empirical litera on contagion. This lit-
erature studies the channels of contagion and the chasdictethat make regions
susceptible to contagion. We highlight the role of the fundatal in the initially
affected region and its non-linear effects on contagion.
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Proposition 3 Enhanced perception of risk after a wake-up call. Suppose private
information is sufficiently precise, public informationssfficiently imprecise, and
the prior is strong. After a crisis in regiof triggered by an intermediate realized
fundamentab; € (84, 1), the probability of a crisis in regioR in case of uncorre-
lated fundamentals increases in the proportion of infornmeestors:

d
o (PO < 83(np.6)Ip=061}) >0, Vore (O p],  (14)

where the lower boun@, is defined by

0= pit— ( (85(2.0.60) — 1) [1- gty 25" ><u (15)
U= — |
PH +az(‘/p€) ®1(65(1,0,61)) [/ 22E ]

Proof See AppendikBI5. The lower boursy is derived in the proof of Lemnid 3.

Figure[1 helps us understand the intuition of PropositionSéace funda-
mentals may be positively correlated, a crisis in regionduces the mean of the
updated prior about the fundamental in region 2. Therefbrapre investors are
informed, more investors learn that fundamentals are weladed, thus revising
upward both thaneanand thevarianceof the local fundamentaf,. This vari-
ance effecenhanceslisagreemenamong investors, as their posteriors about the
local fundamental become more dispersed. For a strong phimmean effecand
thevariance effectmove in opposite directions. Thus, the overall effect ofrihe
assessment of the local fundamental depends on the retatevef both effect@.

Mean effect If more investors are informed about the zero correlatiofuntia-
mentals, more investors reassess the mean of the localmerdal upward. Better
public information — a higher mean of the updated priglp, 61) — reduces the fun-
damental thresholth_aﬁyé;s_dei_Mﬂnz_zbm). Consequefijiyl, 0, 6;) is lower

relative to8; (1, pH,601). This mean effect works against the desired result of en-

hanced perception of risk after a wake-up call.

9See AppendikBJ4 for comparative static results and thgieddence on these effects. We also
provide further intuition on the role of the lower boufg there.
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Variance effect If more investors are informed, more investors reassespréie
cision of the local fundamental downward. More-disperseldlip information —
a higher variance of the updated prims(p, 61) — leads to relatively more-precise
private information. This induces greater disagreemerdarggmnformed investors
about the local fundamental. The fundamental thresholetases in the degree of
disagreement if the prior about the fundamental is str@@ Investors
attack more aggressively, $J(1,0,6y) is higher relative to8;(1,p4,61). This
variance effect works in favor of the enhanced perceptionsif after a wake-up
call, provided that the prior is strong.

The probability of a crisis in region 2 increases in the prtipa of informed
investors if the variance effect dominates the mean effuts, a sizable variance
effectis at the heart of the result on the enhanced perceptiosk. This label arises
since the result is driven by the enhanced disagreementafed investors and
the associated greater concern for the attacking behawtiner investors (strategic
uncertaintyﬂ The variance effect outweighs the mean effect under theitonsl
of Lemmd3, namely the lower boury that restricts the size of the mean effect.

Figurel2 illustrates this link between the fundamentalshodds and the pro-
portion of informed investors. Propositibh 3 implies thekimg of fundamental
thresholds9; (1,0, 6,) > 65(0,0, 6,). For zero realized correlation, there is a one-
to-one mapping between the ranking of thresholds and of tbhbabilities of a
crisis. This ranking extends to any proportion of informedeistors,n € (0,1),
whereby more-informed investors increase the probatufigy crisis in region Eg

Formally, Lemmd¥ in Appendik B.3.2 states that the fundaalethresh-
10Related ta_Metz| (2002), Heinemann and llling (2002) show moare transparency reduces

speculative attacks, which corresponds to the role of thimnee effect discussed in our model.
See also_lachan and Nehov (2014) for an investigation of ¢énsitivity of the net payoffs to the
fundamentals when the relative precision of private infation changes.

UGreater disagreement after a wake-up call is consisteht“ait enhanced perception of risk”

after the Russian crisis (Van Rijckeghem and Weder 200199). Hence, our theory can explain,

for example, the unexpected spread of the Russian crisiganilBn 1998 (Bordo and Murshid
12000 Forbes 2012) and similar instances during the Asimisdn 1997 ((Radelet and Saths 1998;
Corsettj et all. 1999). See also Pavlova and Rigbbon (2008).

2This is an uninformed-is-bliss feature. More informaticandead to adverse outcomes in
Hirshleifel @ll). Information acquisition can be prefgtoptimal but has a negative public value,
since it makes co-insurance for risk-averse agents irflsasinstead, Morris and Shinh (2007) an-
alyze optimal communication and provide a rationale forseanformation, for instance in credit
ratings. Dané et &IZ) provide an “ignorance-is-biisgument, whereby information insensi-
tivity is key to security design in the money market. Morengparency can also be harmful in an
expert model with career concer@@OOS).
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Figure 2: The fundamental thresholds and the proportiomfafrined investors.
Parametersu =08,a=1,=1,bo=/¢>=1,p=0.7,04=0.7,6,=0.7 < L.

olds evolve continuously and monotonically in the proporidf informed investors,
provided sufficiently precise private and sufficiently irapise public information.
In particular, the distanceg@; (n,0,681) — 65(n, pH, 81)|, continuously increases in
the proportion of informed investors, so the fundamentadgholds forp = 0 and
p = py diverge. Intuitively, informed investors capitalize orethinformation ad-
vantage. While uninformed investors must use the same Idigreshold irrespec-
tive of the realized correlation, informed investors atljheir signal threshol

Testable implication There is a large literature on interdependence and conta-

?lon in international finance and financial economics wiffedent approaches (see

2fora surve@ Seé Glick and Rglsé_(_égb), Van Rijckeghem and ﬂ/eder
EJE_QIS) anId_Disgup_iei L(jon) for an empiricaidiure investigating (i)

the channels of contagion during financial crises; and lig) dependence on the

characteristics of the affected countries. This literagwggests that stronger trade
or financial links and higher institutional similarity ire@ase contagion.

In our model, the correlation of regional fundamentals eegst such factors:
p > 0 measures the intensity of trade or financial links andtimsbinal similari-
ties with the initially affected region, which has fundartes6;. Let P 6,,p) be

13A larger proportion of informed investors raises the fundatal threshold; (n,0, 6,), as in-
vestors attack more aggressively after learmng 0, compared with uninformed investors (Part (a)
of Lemmal4; see dotted line in Figure 2). The opposite holdsfpositive correlationp = pu,
when informed investors attack relatively less aggresgise 65 (n, py, 61) decreases in the propor-
tion of informed investors (dashed line in Figure 2). Finpgle difference between these thresholds
increases in the proportion of informed investors (Parbfdhemmad%).

1“The approaches include probability models (Eichengreat €1996), correlation analysis
(lEOJ’_b_e_s_and_RJggbﬂn_ZQOZ) VAR models (Favero and Gidved@2p, latent factor/GARCH mod-

Is [Bekaert et al. 20114), and extreme value analysis (Bak2003).
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the probability of a crisis in another region with the chaeaistics6, andp. This
probability is conditional on a crisis in region 1. Considtevith the empirical lit-
erature, our model (and the related theoretical literabaraaformation contagion)
predicts thald(%%’p)
non-linearity inB; due to the enhanced perception of risk after a wake-up call.

)/d61 < 0. More importantly, our model also predicts a

Empirical prediction

dPr(62,p) -
dp <0 if 6,>0,
%ﬁf’p)m if 6, <8, (16)

This prediction is based on the variance effect (see Leninmal 3aoposition
B). In particular, after controlling for the contemporansdundamentals of the
second regiong,, there is a non-linear effect of the realized fundamenttiéTfirst
region,B;. A crisis in the first region due tmoderately lowfundamentals isnore
likely to spread if the empiricist observes no linkagess 0. By contrast, a crisis
due toextremely lowflundamentals isesslikely to spread if the empiricist observes
no linkages, which is consistent with existing empiricatifitgs.

In sum, our wake-up-call theory of contagion suggests afmi¢he funda-
mentals of the initially affected region. Furthermore shéundamentals also drive
the direction of the effect of an increasegn Therefore, an empiricist should dis-
criminate between moderately low and extremely low retibres of fundamentals
in the initially affected region. Our theory suggest thas timay improve the mea-
surement of contagion, especially for currency attackshbemik runs.

5 Endogenous information

We discuss the value of information in section 5.1. We shawttie private value of
information about the correlation increases in the propomf informed investors.
Next, we study the costly acquisition of information abdus torrelation in section
5.2, where we describe conditions sufficient for the existenf a unique equilib-
rium with wake-up-call contagion. This result hinges onskeond key feature of
our model (informational asymmetry), which makes infonm@more easily avail-
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able to investors in region 2 after a crisis in region 1. Intised5.3, we discuss
how this assumption can be relaxed to obtain that informagicquisition occurs
only after a crisis in region 1, despite symmetric avaii@pof information (or cost
of information). Finally, we show in sectidn 5.4 that our kegults are enhanced
when allowing for endogenous precision of private inforiorat

5.1 The value of information

Information about the realization of the correlation ofdamentals has value to an
individual investor. Its value is the difference betweea éxpected utility term of
informed investorsiEU;, and of uninformed investorgUy. These expected utili-
ties are defined in Appendix B.6. The expected utility of dotimed investor takes
into account the possible realizations of the correlatsimce these affect the sig-
nal threshold of an informed investof,(n,0, 81) andx; (n, py, 61). By contrast, an
uninformed investor cannot tailor the attack strategy andtrase thesamesignal
thresholdx; (n, 61) throughout.

Let v(n,681) = EU; — EUy be an individual investor’s value of information
aboutp conditional onf; and the proportion of informed investars

92*(1’],0,91) X (n 0 91
5 b, [} i2|62)dx2f (62]0,6,)d6:
v(n,6;) = p( / ZIXU(”Ql) 9(i2] 62)dx2f(62/0, 61)d6 )— (17)

Sy L2 (ro axi2|B2)dx (62]0, 61)d6;

9 np 9 XU ne A .
(1—p)( e 1) by f an191 d(Xi2|62)dx2f (62]pn, 61)d6; )

o 61)
; ﬁzfxu () 9(Xi2|62)dx2f (62| pH, 61)d 6o

05 (n,pH,61) (n,pH, 91

where the distribution of the fundamental conditional oe thalized correlation,
f(62/p, 61), is normal with meanu(p, 61) and precisioraz(p), and the distribu-
tion of the private signal conditional on the fundamenggk|6,), is normal with
mean6, and precisior. In AppendiXB.6, we provide intuition for the benefits of
a tailored signal threshold used by informed investors. & describe the type-I
and type-Il errors that investors make in their attack berav

Propositior 4 states how the value of information changéstive proportion

of informed investori_H_elMig_andALeLdkaHp_(Zil)OQ) showtihéormation choices
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inherit the strategic complementarity or substitutapfiiom the underlying beauty
contest gamel We show that this inheritance result extends to a globaldieor
nation game of regime change, particularly in the contex@ofnte uncertainty
about the correlation of fundamentals and where informagioout the correlation
becomes publicly available to a fractiarof informed investors.

Proposition 4 Strategic complementarity in information choices. Suppose the
prior about fundamentals in regio is strong, private information is precise,
B > B, < =, and public information is imprecis€ < a < @. After a crisis in
regionl, the value of information increases in the proportion obimhed investors:

dv(n, 61)

> )
an >0VoL<pu (18)

Furthermore, for any proportion of informed investors; 10, 1], we have:
V(n7Q1) =0; V(n7 91) >0V 91 7& Ql' (19)
Proof See AppendikB]7.

If 6, = 8,, then the signal thresholds of informed and uninformedstwes
coincide, X" = X;. In this special case, both thivate and thesocial valueof
information aboutp is zero, since the attacking strategies do not depend on the
additional information. For the general case6af# 084, a strategic complemen-
tarity arises because individual investors benefit fromwking what others know,

as in|Hellwig and Vgldkamm_(;Qb%. Formally, the signal #reldsx; (n,0, 6)

andx (n,px, 61) diverge whem increases. As a result, it is more likely that the

individual attack decision of an informed investor is atiasthe more others are
informed. Hence, the resulting private value of informatiocreases. This prop-
erty arises from the monotonicity in signal thresholds (se@mmd4 C in Appendix

[B.3.2).

In line with existing literature, the private value of infoation aboup is al-
waysnon-negative, while the social value of information abpunay bepositive

15Ahnert and Kakhbod (2014) obtain strategic complementaritnformation choices in a one-
region global coordination game of regime change with a comprior, a discrete private informa-
tion choice and heterogeneous information costs. They #hatthe information choice of investors
amplifies the probability of a financial crisis.
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or negative As demonstrated ﬂy Morris and §hin (2b02) in a beauty cogease,

a change in the precision of public information can have abiguous effect on

speculators’ welfare if publicity is higfL(Q_Qma.nd_and_I:mimn}LZQ_&). In our
global games model, there is an additional layer due to thati@n of the equi-
librium fundamental thresholds im(see Figure 2), together with the interplay of
the mean effect and the variance effect. If the informatioowp, which is pub-
licly available to informed investors, is unfavorable fbetfundamentals of region
2 or causes a decrease in disagreement, then the socialofahfermation about
p (from the viewpoint of investors) is positive. This is besauoth the likelihood
of a crisis and the expected payoff from attacking incredsstead, information
aboutp that increases disagreement among informed investors eneyahnegative

social value, as ilJ_MQI:Lis_and_S_Hn_Qil)OZ).

5.2 Endogenous information abouio

In this section, we endogenize the information investoestosreassess the local
fundamental after a wake-up call. We study the costly admurisof information
aboutp, which helps to improve the forecast ab@it Therefore, the information
stage at = 2 is modified by introducing a simultaneous information clecjame,
where investors decide after a crisis whether to purchasefaqgbly revealing and
publicly available signal aboyt at a costc > 0. Each investor can purchase the
same signal and observes it privatelyAfter a crisis elsewhere, more information
is produced due to news coverage and public inquiries. Hemeeassume that
information is more easily available after a crisis in reglo(the second key feature
of our model), thereby imposing an informational asymmétat will be relaxed
in sectior 5.B.

We analyze pure-strategy perfect Bayesian equilibriumEPRB threshold
strategies (Definitionl2). Led; € {I,U} denote the information choice of investor
i and letay = aj2(di = 1) andayy = a2(di = U) denote the corresponding attack
ruIe We show that the fundamental reassessment after a wakdlufgloaheart

18In terms of wholesale investors or currency speculatorstlcinformation acquisition could
be access to Bloomberg and Datastream terminals, or thglafianalysts who assess the publicly
available data. Our results are also robust to the intraaiuicf noisy signals about the correlation.

In contrast to sectionl 4, we no longer need to assume commonlé&dge about the propor-
tion of informed investors. Furthermore, under the statuddions on the information cost, the
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of our contagion mechanism — arises endogenously in thexar@quilibrium when
the information cost is sufficiently low after a crisis (Posjgtion[5).

Definition 2 A pure-strategy monotone perfect Bayesian equilibriumprasas an
information choice fl € {I,U } for each investor & [0, 1], an aggregate proportion
of informed investors ne [0,1], an attack rule &,(n*; 61,x2) € {0,1} for each
investor, and an aggregate attack sizg\[0, 1] such that:

1. Allinvestors optimally choose dt the information stage.

2. The proportion h is consistent with the individually optimal information
choices{d; }ic(o,y-

3. Uninformed investors have an optimal attack ruig @*; 81,x2). For any
given realization ofp € {0, py }, informed investors have an optimal attack

rule a, (n*; 61,0, %i2).

4. The proportion Ais consistent with the individually optimal attack decrso

Ay = AN020) = [ ay(n7161,0.%0) VBV Bz~ )ik (20)

+ (1-n%) / fa;um*;el,m)ﬂcp(ﬂ(m—ez>)dxz, Vp € {0, p}.

Proposition 5 Existence of a unique equilibrium with wake-up-call contagion.
Suppose the prior about the fundamentals in re@amstrong, private information

is precisef3 > max{g2,§4} < oo, and public information is imprecise, < a > 0.
After a crisis in regionl, there exists a unique monotone pure-strategy PBE if the
information cost is sufficiently smallcc(0, 6;). All investors acquire information,

n* = 1, and use the signal threshold (X, p, 6;) for eachp € {0,pn}. Even if
fundamentals are uncorrelated, contagion occurs after kemap call.

Proof See AppendikBIS.

Propositior b states that the fundamental reassessmentaaftake-up call
entails the acquisition of information about the correlatbf fundamentals in dom-
inant actionsn® = 1, for a small positive cost € (0,¢(0, 64)), for any 6; # 0.

information choice of investors is in dominant actions. &hsn the previous analysis, such as
Propositior 1L and Lemnd{d 4, we study the optimal informatibaiced;". Propositiori }# lays the
foundation for a strategic complementarity in informatadices.
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Thus, contagion after a wake-up call arises endogenouskgr-ié investors learn
that fundamentals are uncorrelated.

5.3 Relaxing our assumption on informational asymmetry

The result of wake-up-call contagion, namely the compariscequation[(IB), re-
quires (i) learning about uncorrelated fundamentals aftaisis in region 1 and (ii)
no learning about the correlation after no crisis in regiofiiese requirements are
assured by the second key feature of our model — the infoomatasymmetry —
that makes information more easily (or cheaply) availablevestors in region 2
after a crisis in region 1. In this section, we discuss a @agiar of the information
asymmetry assumption that preserves our key insight onwpkeall contagion.

One way to fully relax the assumption about the informati@sgmmetry is
to introduce an aggregate macro shock that may hit bothmegimultaneously. A
negatively skewed macro shock can create genuinely higleentives to become
informed about the correlation after a crisis in region Iinpared to no crisis.
Hence, information acquisition does not take place aftecn®s in 1 — even if
the information cost is independent of the realizatiorfof (Recall that we have
assumed so far that information acquisition is too costigrafo crisis in region 1.)

To see this, recall from sectign 5.1 that the benefit of infation about the
correlation increases in the difference in equilibriumnsigthresholds, or equiv-
alently, in the difference in fundamental thresholds. Tkistence of a negatively
skewed macro shock results in a higher weight on those sifties world in which
the fundamental thresholds differ whenever a crisis wasmesl in region 1. As a
result, the incentives to acquire information about theadation (that is, the expo-
sure to the macro shock) are higher after observing a ciistsvbere.

To illustrate the mechanics, consider a simplified versiaruo model, where
direct fundamental links are absept, = 0. Suppose that, with probability, both
regions are simultaneously exposed to a macro or commork shatis the only
potential link between the two regions. Thus, both regiamsreot exposed with
probability 1— p. The random macro shocky, may be positive or negative and it
affects the fundamental of each exposed region additively:
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G=m+6, 6~ (gal) (21)

We assume that the macro shock takes on a small positive ratud > 0 with
probability 1— g, and a large negative value= —sA < 0 with probabilityq, where
s> 1is a scaling factor. We imposgl —s) = 1 to ensure a zero meda|m| = 0.

If the exposure to the macro shock and its realization arencomknowledge,
then(6;"|exposurem < 0) > (6;|no exposure> (6|exposurem > 0). Instead, if
the macro shock is unobserved, then learning about a coisebout no crisis) in
region 1 leads to Bayesian updating. Both the conditionababilities about the
exposure to the macro shock and its sign are updated. Obgeawrisis leads to
an increase (decrease) in the conditional probability afidpexposed to a nega-
tive (positive) macro shock. Furthermore, the conditiqggrabability of not being
exposed to a macro shock also decreases. The oppositengptidtes place after
observing no crisis in 1. Crucially, the incentives to acguinformation about the
exposure to the macro shock are higher after observing ig,csiace the benefits
of a tailored signal threshold increase when a more-extigate is more likely.

5.4 Endogenous precision of private information

In section 5.2, we analyzed endogenous information ab@utdnrelation of fun-
damentals, which helps investors in region 2 reassess théflilndamentab,. In

this section, we extend our analysis to the private inforomathoice about the lo-
cal fundamentaBz In particular, we consider a model where investors choose
the precision of their private information subject to canugormation costs, as in
Szkup and Trgvi[lc]_(;QJLZ). In this set-up, the acquired m&tdron abouif, is by
definition not correlated, whereas the acquired infornma#iboutp is correlated.

In sum, we show that our result of wake-up-call contagiorurstier strengthened
under private information choice.

After observing a crisis in region 1, investors in region ghgitaneously
choose the precision of their signal abdit To simplify the exposition, we re-
strict attention to the case when the information cost ferdignal about the corre-
lation is sufficiently low, such that all investors learn tiealized correlatiop after

B\e thank our discussant Laura Veldkamp for suggesting teainalyze this case.

26



the wake-up call[ Szkup and Treva_(;blZ) develop a singggen global games

model with a related payoff structure:

u@=21A0) = (1-T) ljas1-9,— T Liac1i-a)
Ua =0A0) = O (22)

wheref ~ 4" (Lg, Ty 1) is unobserved but investors receive the private sigh@h
A (6,771). For the special case &= 1/2 andb, = ¢, = 1/2, we have an equiv-
alent formulation, where we just insert the subscript fgioa 2:

U@z2=1,A2,60) = 1/2 11p,n1 6=0,1 —1/2 Lip,<1-0=8,)
U@t =0,A2,6) = 0, (23)

where, ~ A" (Hp, a, 1), with pio = 1 — pig anda, = Te.

Szkup and Trgvi[lcl_(;O_hZ) show that there exists a uniqudilbgum in the

information game under certain assumptions on the conv&Xwoction for acquir-

ing more-precise private signals. In Appendix B.d_o_f_Ahlmm_B_QLts_dhl_QQiS),
we specify these assumptions and derive the benefit of ahgivate signal pre-
cision for investors in region 2, where investors learn altbe correlation after a
crisis in region 1. We show that this benefit function is ideadtto the one derived

byLSzkup_andlLemﬂo.

Furthermore, building on the results I_O_LSZkup_and_'Er_elvm we find

that the marginal benefit of increasing the precision ofgigwnformation decreases

in the precision of public information, provided the prisrsufficiently strong. Ex-
tending their analysis, we show that the marginal benefihofdasing the private
signal precision decreases in the mean of public informafithe prior about the
fundamental in region 2 is sufficiently strong.

Formally, for the special case bf = ¢, = 1/2, we find that a decrease in
has two effects on the fundamental threshold. Both effezis ¢he same direction
and increasé; (as well as the probability of a crisis in region 2). Fid; /das <
0 for a given level of3; and, secondj3; /daz < 0, which also decreaség because
d8;/dB, > 0. Furthermore, we find that an increaseuinalso has two effects that
go in the same direction and both decreélge First, d6; /du, < 0 and, second,
dB;/dus < 0, which also decreas&y because6; /df, > 0.
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Taken together, these results imply that the wake-up-caitagion result of
Propositior. 2 can be strengthened if the prior is sufficiesttong. The strength-
ening of the result is reflected in the endogenous privateasigrecisions, which
further increase the difference in the equilibrium fundataéthresholdsg;:

Pr{6, <085(n=1,p,61;B;)|p=0,61 < 6]} >
Pr{6, < 6;(n=0,p,61;35)|61 > 67 }, (24)

where the optimal precision of private information afterake-up call and learning
that fundamentals are uncorrelated is higher than afteral@wp call:

[B2lp = 0,61 < 61] > [B;]61 > 6;]. (25)

Intuitively, the private signal precision is relativelyghier on the left-hand
side for two reasons. First, the zero correlation makesipuilormation more
dispersed (decrease @), which leads to a relatively highél; on the left-hand
side. Second, not observing a crisis in region 1 means tlafuhdamental in
region 1 must have been good. This leads to an upward revisignand, hence,
to a decrease in the optimally chosen precision of privdtanmation. This effect
is associated with a relatively lowég on the right-hand side.

6 Conclusion

We propose a theory of financial contagion that explains hakeaup calls transmit
crises. We study global coordination games of regime changgo regions with
ex-ante uncertainty about the correlation of fundamentalsrisis in region 1 is
a wake-up call for investors in region 2 that induces a resassent of the local
fundamental and an increase in the probability of a crisieegion 2. Contagion
occurs even in the absence of ex-post correlated fundalgraanmon lenders and
balance-sheet links. Thus, we isolate the wake-up-callpormant of contagion.

There are two reasons for contagion to arise even if investarn that fun-
damentals in region 2 are uncorrelated with those in regioRifst, the mean of
the fundamental in region 2 is lower after the wake-up catit dbserving a crisis
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in region 1 would have been favorable news for fundamentaisgion 2, since the

correlation of fundamentals may be positive. This mearceffeereases the prob-
ability of a crisis in region 2. Second, the variance of thedamental in region

2 is higher after the wake-up call. When fundamentals areuwelated, observ-

ing a crisis in region 1 is uninformative for investors ini@y2. Hence, there is
greater disagreement among informed investors. Thisnegiaffect can increase
the probability of a crisis in region 2. Both effects are aBg and induce investors
to attack the regime more aggressively, leading to contegfier a wake-up call.

We derive these results under the condition that inforrmaisomore easily
available after a crisis. We argue that our results prevagmthis informational
asymmetry is relaxed. The results are also robust to theduattion of private
information choice, which further enhances the disagreg¢m#iect. The result
on wake-up-call contagion (Propositibh 2) is also robushtmducing imperfect
information about both the correlation and region 1's fundatal after a crisis.

The wake-up-call theory of contagion has several appbaoati Currency
speculators observe an exchange rate crisis elsewhereendeertain about the
magnitude of trade and financial links. Uninsured bank toesliobserve a run
elsewhere and are uncertain about interbank linkages.r&gwedebt holders ob-
serve a default elsewhere and are uncertain about the cesocamd commitment of
multilateral bailout funds or the international lender ast resort.

Our theory of contagion is consistent with existing evideand creates a new
testable implication. We derive the empirical predictitiattcontagion depends
non-linearly on the fundamental in the region of the initasis. Our implications
are also attractive for experimental work, where the infation choice is observed.

We wish to study implications for welfare and policy in suipsent work.
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A Equilibrium
A.1 Deriving the equilibrium in region 2 after a crisis in 1

We proceed in two steps. First, we consider the special casich all investors
are informedf = 1) in sectio A.1.1l. The existence of a unique Bayesian iguil
rium is just a corollary of Resulli 1 in this case. Second, wivdedhe equilibrium
conditions for the general case in which some investors @irdarmed 6 € (0, 1))

in sectioA.1.R. Third, we extend the existence and unigsenesult to the special
case where all investors are uninformed= 0) in sectiof A.I1.B. The results are
summarized in Lemmd 2. In Appendix A.2, we subsequently@tbe existence of
a unique monotone equilibrium for the general cage(0,1]. We also extend the
result of LemmaR to the case of no crisis in region 1.

A.1.1 Allinvestors are informed

When all investors are informed,= 1, they learn the realized correlation. In the
case of a zero correlation, the updated prior of informeéstors in region 2 co-
incides with that of investors in region 1 and the previoualysis applies. In the
case of a positive correlation, by contrast, a small chasgequired to obtain a
corollary of Resulfll. The modified threshold for the premisdf private infor-
mation isgg = ﬁzpﬁ)z € (B, ). Moreover, the unique threshold fundamental
8; = 6;(n=1,p, 61) is implicitly defined by

« o az2(p)[ 63 —pi2(p.61)] B —1/pn%* _
Fz(ez,P)Zq’( \/azz(p)+l3 ~\ % ® (92))—)’2, (26)

for any realized correlatiop € {0, p4 } and any observed fundamenéal< 6;.

Corollary 1 Suppose all investors are informed about the correlatios, hy after
a crisis in regionl, 61 < 67. If private information is sufficiently precisg, > Eg
then there exists a unique Bayesian equilibrium in redofhis equilibrium is in
threshold strategies, whereby a crisis occurs if the realiluindamental is below a
thresholdB; (1, p, 61) defined by equatiofh (26).
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A.1.2 Some investors are uninformed

Consider next the general casenof [0,1). After a crisis in region 1, uninformed
investors use the observédand their private signad, to reassess the local funda-
mental6,. Uninformed investors do not learn the correlation of funéatals.

Bayesian updating We show that the relationship between the posterior proba-

bility of a zero correlationp,”and the private signak2, is non-monotone. First,
dap
dxz2
weight on the probability of a zero correlation after reaava relatively good

> 0 if the private signal is relatively high. Intuitively, anvestor places more

private signal. Instead, after a low private sigrﬁ% > 0is not guaranteed. For ex-
tremely low signals, an even worse signal makes an uninfoimesstor infer that
p = 0is more likely due to the fatter tails of the more-disperngedr. Uninformed
investors use Bayes’ rule to form a belief about the corimadf fundamentals:

pPr{xi2|61,p = 0}
PPr{X2|61,p =0} + (1— p) P{X2[61,p =pH}

Computing Pfxi2| 61, p} for eachp, recall that the variance is independentef

p=Pr{p = 0[6,%2} = (27)

1 Xi2 — E[Xi2|61,p =0
Pr{X|61,p =0} = fP( 2~ Bla|6n,p ]>
Var[x2|p = O] Var[x2|p = O]
i+5) o)
- <—+— 9 (28)
1 Xi2 — E[Xi2|61, 0 = PH]
Pr{X2|61,p =pn} = (
V/Varxi2|p = pH] V/ Var(Xi2|p = pH]
1
1-p3 1\ 2 (X2—[pnb1+(1—
< PH+_) q0<X|2 [PH O+ ( pH)[J])(Zg)
a B
Sincepy > 0, the derivatives of the posterior beligbfe
5 | >0 ifxpx<pub+(1—
dp J = i2 < PHOL+ (1—pH)H (30)
dé1 | ~0 otherwise

First, if the private signaki» is sufficiently low, an increase ifl; induces unin-
formed investors to put a larger probability on uncorrelatsgional fundamentals.
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The signs of this derivative would be reversed if we lpgad< O.

Second, how doeg vary with the private signafj>? We find that

> 0if py >0and 2> py61+ (1—pu)U
dp

dxa ) < Oif py <Oand 2 < pyBL+ (1—pn)u (31)

= Ootherwise
Therefore, after receiving a relatively good private slgra > pn 61+ (1— pn ) U,
an investor places more weight on the probability of zeresn@gional correlation.
If the private signal takes an intermediate valg‘t%, > 0 still holds. However, after
receiving a relatively low private signakz < pn61 + (1 — pn)U, we have that
(f—)f; < 0 due to the more-dispersed prior distributiopif= 0. For the same reason,
an extremely high or low private signal induces uninformaakstors to believe that
fundamentals are uncorrelated across regions,lime. p = 1 = limy,_,_« p.

Equilibrium conditions when some investors are uninformed Analyzing the
general case of some uninformed investors, we derive thieraysf equations — the
critical mass and indifference conditions — describingeeilibrium in region 2.

The critical mass conditions state that the proportion td€cking investors
A5(p) equals the fundamental thresh@l§i p) for each realizeg € {0, p }:

65(p) = n®(\/BIX (p) —6:(P)]) + (1-mM@(VBIX; —65(p))).  (32)

We use the short-han@ (p) = 65 (n, p, 61), X' (p) =X(n, p, 61), andx; =X (n, 61)
for the fundamental threshold and the signal thresholdsfofined and uninformed
investors, respectively.

The first indifference condition states that an uninformm@stor with thresh-
old signalxi> = xj is indifferent between attacking and not attacking:

-~

=J(n,65(0),65 (PH).X;)

wherep* = p(61,X) and, ford € {I,U} andp € {0, pn }:

6 k
W(85.%.p) = ¢<95‘d¢a2<p>+3— o )“;ifﬁ;)fﬁ ;'B Xd>. (34)
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Two additional indifference conditions, one for each rasadi correlation, state
that an informed investor is indifferent as to whether ta@ktupon receiving the
threshold signaki; = X/ (p):

W(6:(0). % (p),p)=Y2 Vp {0, pn}. (35)

We have five equations in five unknowns. In the simplest caseegion 1,
we had two thresholds; and 8;. There, the objective was to establish aggregate
behavior by inserting the critical mass condition, whichtesx; in terms of6;,
into the indifference condition. This yields one equatimwplicit in 6;. We pursue
a modified strategy here, solving this system of equatiorwdier to express the
equilibrium in terms 05 (0) and6; (pn ) only.

We also use the following insight. Since uninformed investio not observe
the realized cross-regional correlation, the signal thwlsbmust be identical across
these realizationsg;(p = 0) = x;(p = pu). In the following steps, we derive
this threshold for either realization of the correlatiorby using the fundamental
threshold8; (p), and equalize both expressions. First, we use the criticasm
condition in equatior (32) fof; (0) to express(; as a function oB;(0) andx; (0).
Second, we use the indifference condition of informed itmssin case op = 0,
equation[(3b), to obtain(0) as a function of6;(0). Third, we use the critical
mass condition in equatioh (32) fé% (o) to expressg; as a function 065 (pn)
andx(pn). Then, we use the indifference condition of informed invesin case
of p = pH, equation[(3b), to obtaix’ (pH) as a function oB; (pH). Thus,Vp:

q)l(eg(p)n¢(az<9)(9§<9)uz(p,el\)/)ﬁ\/wq)l(yz)) )
1-n

X (p)=63(p)+ e
VB

Hence, forp € {0, py }, a sufficient condition for the partial derivatives with pest
to the fundamental thresholds to be strictly positivB is .

dx; (p)
des (p)

> 0. (37)

Since the signal threshold is the same for an uninformedstovesubtracting
equation[(3b) evaluated at= 0 from the same equation evaluategbat py must
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yield zero. This yields the first implicit relationships etend; (0) and6; (pH ):
K(n,6(0),65(pr)) =%, (0) — x5 (oH) =0. (38)

Next, we construct the second implicit relationship bete two aggregate
thresholds8; (0) and 6, (pH) in two steps. First, insert equatidn {36) evaluated at
p=0in¥(65(0),x;(0),0) and inp as used inJ(n,85(0),85(pH),X;). Second,
insert equation[(36) evaluated @t= py in W(65(pn),X;(oH),pr). Combining
both expressions yields

L(n,65(0),05(pn)) =I(n, 65(0),65(pn), %5 (0), X5 (PH)) = Yo.  (39)
A.1.3 Allinvestors are uninformed

If all investors are uninformedn = 0, the system of equations derived in Ap-
pendix[A.1.2 simplifies. Specifically, there is only one fantental threshold and
the system can be reduced to one equation in one unknownewh@,0, 61) =

05 (0, pH, 61) in equation((3B).

Using the results ch MilgrgH (1951) abd \ﬁJ/é;s_(;bOS), we shibat the best-

response function of an individual investor strictly ireses in the threshold used by

other investors. Therefore, there exists a unique equihin threshold strategies
if private information is sufficiently precise, as provertle next paragraph.

Monotonicity In contrastto the standard analysis of regiod(D, 8,, 6, ) is harder
to characterize. The weights of the mixture distribution &me posterior beliefs
about the correlation now depend on the threshold sigpall herefore, the ques-
tion arises as to whether our focus on monotone equilibjissified, in light of the
global non-monotonicity op(x (85 (0,0, 61))) in xj and, hence, i85 (0,0, 61), as
established above. Fortunately, the best-response dumatian individual investor
i is proven to be strictly increasing in the threshold usedtbgoinvestors:

dPI’{92<é2A(XAz)|917XiZ}

I dx;
R R (40)
dkin

whereX> is the critical threshold of the private signal used by ptaye, is the
threshold used by all other investors, a@yﬂiz) is the critical threshold of the fun-
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damental in region 2 when= 0. This is because P6, < 85(61,%2} iS mono-
tonically decreasing i, using a result -Ti M 1) (see below). Further-
more, given that all other investors use a threshold sgafegeg < ég(f(g)|91,xi2}

05), the best respafs
playeri is to use a threshold strategy with attack thresheid Wwhere P{6, <

increases iy (again see below). Followi e

é2(22)|61,>?i2} = b, implyingr’ > 0. Therefore, our focus on monotone equilibria
is valid and we determine conditions sufficient for a uniquenotone Bayesian
equilibrium.

The conditional density functiof(x|6) is normal with mear® and satisfies
the monotone likelihood ratio property: for &l> x; and6’ > 6, we have

ACICAIR o(VBx—9)) N o(VB(xi-0))
04l0) " o(vB(-0) ~ o(VB(Xx-0))
Using Proposition 1 ALT_MJJQLQIlYl_(l&J?)I), we conclude thaf By < 65|61, X2} mono-

tonically decreases ixy. Hence,‘wr{ezi—ggw“% > 0. Equation[(3B) then implies

that .
déz()?z) 21
< < — .
0< 0% = (1-1—,/ B) (42)

Existence and uniqueness

F (6"

F(x16) #1)

>

Lemma 2 Suppose there is a crisis in regidn 6; < 6;, and investors are unin-
formed about the correlation, & 0. If private information is sufficiently precise,
B> B’l, then there exists a unique monotone Bayesian equilibmuegion2. Each
investor attacks if and only if the private signal is below threshold §. A crisis
occurs if and only if the fundamental in regi@is below the fundamental thresh-
old 65(0,0, 61) defined by equation (83). This fundamental threshold is ghted
average of the thresholds that prevail if investors wererimied:

min{65(1,0,01),65(1,pn,61)} < 65(0,0,61) < max{65(1,0,61),65(1,pn,01)}.

Proof The proof is in three steps. First, we show td&d, 6,,6,) — 1 > y» as
§¢(0.6,61)

6, — 0, andJ(0,6,,61) — 0 < y» asB, — 1. Second, we show th a5, < 0

for some sufficiently high but finite values Bf such that] strictly decreases if,.

We denote this lower bound :ﬁ Therefore, if6; exists, it is unique. Third, by

continuity, there exists &5 (0,0, 8;) that solves)(0, 62, 81) = y».
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Step 1 (limiting behavior): Observe thad(0, 6., 6,) is a weighted average
of F»(62,0) andF (62, pn ). As B, — 0, thenF, (62, p) — 1 for anyp € {0, py }, SO
J(0,62,01) — 1> . Likewise, a¥h, — 1, thenr, (62, p) — 0 for anyp € {0, pn },
s0J(0,62,61) — 0 < 5.

Step 2 (strictly negative slope):Using the indifference condition of unin-
formed investors to substituig in equation[(3B), the total derivative dfis

dJ(O,Gz,Gl) A sz(ez,O) A sz(ez,pH)
e, — PO g T(1-p(6) =
dp(el(;;JU(QZ))d)géfZ) F(6,0)— Fa(Onpn)]. (43)

The proof proceeds by inspecting the individual terms ofatign (43).

We know from our analysis of the case of informed investoasiﬁ% <0
if B> Eo and that%’éf“) <0if g > Eé) Moreover, these derivatives are also
strictly negative in the limit wheif3 — c. Thus, the first two components of the
sum are negative and finite in the limit whgn— c. By continuity, these terms are
also negative for a sufficiently high but finite private noise

The sign of the third summand ib_(43) is ambiguo&s(6;(0,0,6;),0) <
F2(685(0, pH, 61), pH) wheneveB; (1, 6,,0) < 65(1, 61, pn) andF»(65(0,0,61),0) >
F>(65(0,pH,61),pH) otherwise, wherd;(0,0,6,) = 65(0, pH, 61). However, the
difference vanishes in the limit whgh— oo.

The last term to consider i f)(de%%gz))%. Given the previous sufficient
conditions on the relative precision of the private signal,

S I S 14 V2
d6, VB PP 1(62)) o

0

Finally, from sectio A.1]2, we know that the signﬁ% is ambiguous. However,
the derivative is finite fol3 — c. Taken together with the zero limit of the first
factor of the third term, this term vanishes in the limit.

As aresult, by continuity, there must exist a finite level tggsionf > E’l €
(0,00) such that%gz’el) <Oforall B> E’l This concludes the second step of the
proof and therefore the overall proof of Lemiag.e.d.)
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A.2 Proof of Proposition[1

The proof considers two cases. In case 1 we establish thieesésof a unique
monotone equilibrium after a crisis in region 1, i.efif< u. In case 2 we extend
the existence and uniqueness resul#ito> .

Case 1:The subcase of= 1 is trivial, since itis merely a corollary of Lemma
[ (Morris and Shill1_20ﬂ$3). In what follows, we consider thesoafsa giveng; < 6;

andn < 1, whereby some investors are uninformed. This proof estss the

conditions sufficient for the existence of a unique pair oidamental thresholds by
analyzing a system characterized by two equatiéns, (383)din two unknowns,
6,(0) and62(pn ). The proof builds heavily on the description of the coortiora
stage in the case of potentially asymmetrically informegtgtors described in Ap-
pendix[A.l. We show the existence and uniqueness of the Ba(0Y, 65 (pH)).
Then, the signal thresholds are uniquely backed out fi@Q), 65 (on)).

Outline of proof  First, we analyze the relationship betwe#i0) and6,(pH) as

governed byK. Using equationg (38) anﬂIdE?;)‘slL >0 andgg75— K__ 0. Hence,
6;(0) 98(pr)

d%QZ(( )) > 0 by the implicit function theorem.

Second, we analyze the relationship betwégi®) and62(pn) as governed
by L. It can be shown thad > B is sufficient fordez( 0 < 0. Thus, one can show
that d'(- 9 < 0 holds for a sufficiently high but finite value @f. This is proven by
generalizing the argument of the proof of Lemima 2, sglim[¥(65(0),x;,0) —

W(65(pH),X;,pH)] = 0. Hence,ddezz(é:) < 0in the limit. By continuity, there exists

a finite precisionf3 > El, of private information that guarantees the inequality as
well. Taking both of these points togetheé; (0), 65 (pH)) is unique if it exists.
This arises from the established strict monotonicity amdapposite sign.

Third, we establish the existence &;(0),6;(pH)) by making two points:
(i) for the highest permissible value 65(0), the value off,(pH ) prescribed by
is strictly larger than the value dh(pn) prescribed byt; and (ii) for the lowest
permissible value 06,(0), the value of9,(pn) prescribed by is strictly smaller
than the value 06,(pn) prescribed by..
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Formal argument To make these points, consider the following auxiliary step
For anyB(p) > 65(1,p, 61), it can be shown that

0:(0) — nd a2(p) (85 (p)—ka(p,61))—/2(p)+B D (1)
k) q;l( 5 (p) —nd( NG )

an 1-n

)za (44)

becausé~(62(p),p) < y» for anyp € {0, pn }. Note that both the previous expres-
sion and the partial derivative hold with strict inequality>(p) > 65(1,p, 61).

Inspecting the inside of the inverse of the cdf; !, we define the highest
permissible value of(p) that is labelledd,(p, n) for all p:

B2(p.n) —nop (%22 )(92("’”*“2(97611/)2_;— aHp) 159 )
. 1-n . (45)

Hence, 1> 62(p,1) > 65(1,p, 61) Vp, where the first (second) inequality binds if
andonlyifn=0 (n=1).

Next, evaluatek at the highest permissible valué;(0) = 6,(0,n), which
yields 6>(pr) = 82(pu,n). Likewise, evaluaté at the highest permissible value,
0,(0) = 82(0,n), which yields6,(pn) < 82(pn,n). This proves point (i).

We proceed with point (ii). We can similarly define the lowestrmissi-
ble value of6,(p), which is labelledf,(p,n) for all p. Then, 0< 6,(p,1) <
85 (1,p, 61) Vp, where the first (second) inequality binds if and only # 0 (n = 1).

Next, evaluateK at the lowest permissible valué,(0) = 8,(0,n), which
yields 62(pn) = 85(pH, n). Likewise, evaluaté at 6,(0) = 6,(0,n), which yields
62(pn) > B5(pH,N). This proves point (i) and completes the proof of case 1.

Case 2: For the case of no crisis in region 1 the fundamental corcelas
unobserved, i.en=0. LemmdX2 establishes the existence and uniqueness of a
monotone equilibrium for the case of a crisis in 1 ang 0. This result can be
extended to the case whéq > 6; by using the mixture distribution approach. In
particular,J(0, 62, 6;) = y» is modified to account for the additional dimension of
uncertainty about the staék:

f(p =0,61/%2) (46)
PPHXi2|61,p=0} f (61|61>67)
Jo;” (PPr{x2|61,p=0}+(1-p) Pr{xizl 81.p=pu} ) f (61]61> 67 )6y

P
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where the prior density is given by 6,|61 > 6;) = f(61)/(1-F(6;)) V61 > 6.
Hence, the modified equilibrium condition reads:

~+o00
/ 3(0,65,61)d61 = 1. (47)

*

Following an argument analog to the proof of Lemmha 2, we cadh the limiting
behaviorfEmJ(O, 6,61)d0; — 1> y» as6, — 0, andfef“’J(O, 6,601)d01 — 0 < o
as6, — 1. Furthermore(d f*il“’\](o, 6,,61))/d6, < O for some sufficiently high
but finite values of8. Hence, if6; exists, it is unique. Finally, by continuity,
there exists @5 (0,0, 6;) that solves equatiof (47), completing the proof of case 2.

(g.e.d.)

B Contagion

B.1 Proof of Lemmall

Investors are uninformed about the realized correlgtipthereby considering the
possibilities of both positively correlated and uncortetefundamentals. The proof
considers two cases about when the realized fundaménialobserved. In the
counterfactual case 1, investors always observe the eglaiz In case 2, as as-
sumed in the model, investors only obseB4eafter a crisis in region 16; < p.
Introducing this counterfactual is helpful for constractithe proof.

Case 1:First, it can be shown, by a direct extension of the proof afper
sition[], that there exists a unique fundamental thresB9l(d = 0,p, 6y) if 6y is
observed after no crisis in region &; > u if B > él € (0,0). This fundamen-
tal threshold is computed as a weighted averag&;¢1, p1,681) and 6;(1,0, 6y),
following the logic of Propositiohl1 and its proof.

Second, Pf6, < 65(0,p, 61)|61 } is continuous and monotonically decreasing
in 6, forall g > B’ To see this, consider equatidnl(43) in the proof of Propmsit

[ and inspect its analo%m Observe tha& 0, M <0and

dxﬁ’éleﬂ = dxz;éze*) d6; . Using the same argument as in the proof of Proposition 1,

there exists a finite IeveI of precisigh> E3 € (0,) such that% < 0and

d95(07 p, 91) o d‘](07 627 91) d‘](07 627 91)

de, __( de, )/( de, ) <0. (48)
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This direct effect is exacerbated by an indirect effect kiad¢onditional distribution
of 6,/6:. That is, the left-hand side of (110) is a weighted average avkess-
favorable set of values @ than the right-hand side, with strictly positive weights
on eachf;. Hence, inequality (10) holds for case 1.

Case 2:From case 1, the ranking of fundamental thresholds whes ob-
servedis Pf6, < 65(0,0,61)|61 < 0]} > Pr{6,<65(0,p,61)|61 =6} >Pr{6, <
85(0,p,61)|61 > 6; }. This ranking prevails iB; is unobserved in the absence of a
crisis in region 1, since the right-hand side of conditio@)(it a weighted average
over more-favorable values 6f. As a result, inequality (10) holds for sufficiently
precise private information, wheﬁ_g < oo denotes the maximum of the stated lower
bounds on the precision of private informati¢qg.e.d.)

B.2 Definition[I and its implications for the comparative stdics

Sectiorf B.2.11 derives the conditions for a strong prior,|@/kéctiod B.Z.2 presents
the implications for the comparative statics.

B.2.1 Constructing Definition[d
This definition allows us to distinguish between weak andrgjrpriors about the
fundamentalX(p) andY (p) are derived by reformulating equatidn{26):

az(p)

VB

d1(65(1,p,61)) — (62(1,p,61) — H2(p, 61))

] (49)

VB
First, X(p) can be derived by setting; (1,p0,61) = u2(p,6:1) and by isolating
H2(p, 61). A sufficient condition that assures that strong (weak) rpbeliefs are
associated with a low (high) incidence of attacks below yahp®0% is derived
from equation[(49) by setting; = 3. This leads to (p).
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B.2.2 Comparative statics: the precision of public and priate information

The following discussion draws in part bn_B_aum_eLa.nd_HﬂﬂmlrkZD_Qb) We have

the following partial derivatives of the fundamental threkls:

dos(1,p,6:) | < 0if 6;(1,p,61) < uz(p,61)+mcp—l(y2)
da > QOotherwise
de;(lvﬁ)?el) > Oif 9;(17p761> < Hz(p,@l)+m¢*l(y2)

dp < 0otherwise

If by < /¢5, then a strong prior about the fundamen@l(1, p, 61) < t2(p,61) Vp €
{0, pn}, implies that% <0 and%—% > 0. If by > ¢, then a weak prio; (1, p, 6,) >
H2(p,61) ¥ p € {0,pn}, implies that% >0 and%—% < 0.

Instead, ifo; > ¢, thenB;(1,p,61) < 2(p, 61) V p € {0, py } does not nec-
essarily imply that% <0 and%—% > 0. In other words, the inequalities involving
X(p) in Definition[d are no longer sufficient if, > ¢>. However, Definitiof L pro-
vides a more-restrictive definition of a strong (weak) pabout fundamentals by
imposing additional conditions involving(p), which assure that a strong (weak)
prior is associated with a low (high) incidence of crise®lelabove) 50%. Hence,
Definition[d also ensures that a strong prior implies t%%*K 0 and%—e;f > 0 even
if by > /5. Similarly, it ensures that a weak prior implies tr%%i >0 and%—% <0
even ifby < /5.

Finally, irrespective of the strength of the prior, we h%yeé < 0.

B.3 Wake-up-call contagion in isolation

As a preliminary of the proof of Propositidnh 2 this sectiostfianalyzes the fun-
damental threshold ranking in section BI3.1. Then, sed@@2 establishes the
monotonicity of region 2's fundamental thresholdsifor all 6; < 6;. Next, we
develop the proof of Propositidn 2 in sectlon BI3.3.
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B.3.1 Fundamental threshold ranking

Lemma 3 Ranking of fundamental thresholds. Suppose private information is
sufficiently precise and investors are informedsA. After no crisis in regioril,
the fundamental threshold ranking(1,0,6:) > (65|6, > 6;) is guaranteed to
hold. In contrast, after a crisis, the threshold rankifg(1,0, 6:) > 65(1,pH, 61)

is ensured by a strong prior about the fundamental in red@md an intermediate
level of the realized fundamental in region@&, < (84, 1), where the lower bound
is defined in Proposition 3. Furthermor&; (1,0, 6;) < 65(1,pH,61) V 61 < 6;.

Proof The proof proceeds by first analyzing the case when a crigibgsrved in
region 1. The threshold fundamen&l = 6;(n= 1, p, 6,) is implicitly defined by
equation[(Zb). For sufficiently precise private informatiff > gg < gl, F(65,p)
decreases ifl; for a givenp. Hence, the ranking i€;(1,0,61) > 65 (1, pn, 61) if
F2(685(1,0,61),0) > F»(685(1,0,61),pH), whereao(0) = a andpiz(0, 61) = u:

a B 1
\/m[ez (1,0,67) — a+BCD (65(1,0,641)) > (50)

02(PH) . 3 L
v 02(pH, 61) + B [65(1,0,61) — H2(pH, 61)] — \/%GD (65(1,0,64)).

Solving for 61, which is implicit in y2(pn, 61), results in the lower bound o,
which is defined in equatiof (IL5).

Next,8; < p arises because, firdl; < 1, second|1— %2 "’2((;;'1); B1>0
and, third, [{/%2 1] > 0. Finally, ®%(65(1,0,6)) < 0 if a(p,61) <

Y(p)Vp € {0,pn }. Hence By € [84, 4] is non-empty and the inequality in Lemma
follows. (As an aside, if the definition of strong and wealop used onlyX,

and not alsoy, then[8,, u] may be empty under some parameter values.) This
concludes the case when a crisis in region 1 is observed.

If no crisis in region 1 is observed, then it follows the;|6, > 6)) <
6 (1,0, 6,) applying the argument of case 2 in the proof of Lenfiinégle.d.)

B.3.2 Monotonicity in n

Lemma 4 Proportion of informed investors and fundamental thresholds. Sup-
pose there is a crisis in regioh, 6; < 6;, and strong fundamentals in regidh
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If private information is sufficiently precisg, < B < o, and public information is
sufficiently imprecisd) < o < @, then:

(A) Boundedness.The fundamental thresholds in the polar case of informed in-
vestors bound the fundamental thresholds in the genera ohasymmetri-
cally informed investors:

if 61>0;: 65(1,pn,61) <05(n,p,01) <63(1,0,61) Vp € {0, o1} Vne[0,1]
if 6p<8;: 65(1,0,61) <65(n,p,61) <B5(1,pH,61) Vpe{0,p4} Vne0,1].

(B) Monotonicity. The fundamental threshold in the case of zero (positivegsero
regional correlation increases (decreases) in the projoriof informed in-
vestors. Strict monotonicity is attained if and only if tbedamental thresh-
olds are strictly bounded, that igo, n € [0,1):

>0 if 65(1,p0n,61) <65(n,p,601) < 65(1,0,6y)
<0 if 65(1,0,61) < 65(n,p,61) < 65(1,pH,61) (51)
=0 if 95] (pvel) = 9;(n7p761>

dé;(n,0,6,)
dn

<0 if 6;(1,pn,61) < 65(n,p,61) < 65(1,0,61)
>0 if 6;(1,0,61) < 65(n,p,61) < 65(1,pH,61) (52)
=0 if 65(1,0,61) =65(n,p,61).

d65(n, py, 61)
dn

(C) Monotonicity in signal thresholds. As a consequence of the monotonicity in
fundamental thresholds:

d|x (n,0,61) —%; (n, pr, 61))|
dn

>0Vnel01). (53)

Proof We prove the results of Lemnid 4 in turn. A general observaiSothat
the updated belief on the probability of positive crossiaegl correlation becomes
degeneratep = p for a — 0. Results (A) and (B) are closely linked, so we start
by proving them below.

Results (A) and (B).This proof has three steps.

Step 1:We show in the first step that both fundamental thresholdsarcase
of asymmetrically informed investors lie either within feebounds or outside of
them. As a consequence pf— p, conditionL(n, 85(0),65(pn)) = O prescribes
that, for anyn, the threshold$; (0) and6; (pH ) are either simultaneously within or
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outside of the two bounds given by the fundamental threshiblall investors are
informed,85 (1,0, 6,) and6; (1, pH, 61). This is proven by contradiction. First, sup-
pose thad; (pn) < 65(1, pH, 61) and6;(0) < 65(1,0,6y). This leads to a violation
of L(-) = 0 becausd(n, 65(0),65(pn)) > oV nif a — 0. Second, suppose that
85 (pH) > 65(1,pH,61) andB5(0) > 65(1,0,61). Again, this leads to a violation
becausd(n, 85(0),65(pH)) <y Vnif a — 0.

Step 2:We next obtain the derivatives of the fundamental threshwiith re-
spect to the proportion of informed investogggxli) and%r(]p). Applying the im-
plicit function theorem for simultaneous equations, weaobthe following deriva-

tives:
9K 9K
' an 360000 ‘
. _aL aL
dé;(n,0,61) on aG0npne) | _ (M (54)
dn K K M|
000  36(npr.00) ‘
aL oL
092(“70791) 092(n,p|-|,91)
where|M| = detM). We also find that
9K _ oK
‘ 00;(n0,61) ~ on ‘
aL L
dé; (n, pn, 61) 96,(n.06y) _on _ Mg (55)
dn N '
06,(n0,61) J6z(n,pH,61)

aL aL
06,(n,0,61) 96:(n,pn,01)

oK oK ‘ \|\/||

To find |M|, recall from the proof of Propositidd 1 th# >0 and% <0.
Furthermoreﬁez( 5 < O0and ‘7'( 9 < 0 for a sufficiently high but finite value ¢8.

As aresult|M| < 0 for a sufficiently high but finite value ¢8.

The proof proceeds by analyzifigl;| and|M,|. To do this, we first examine
the derivativeéf% and%. Thereafter, we combine the results to obtain the signs of
IM1| and|Mz|. We obtainvn € [0,1):

<0 if 63(n,0,61) < 65(1,0,61) A 65(n, pn, 61) > 05 (1, puy, 61)
oK
% = >0 if 62*(n,0,61) > 95(1,0,91)/\95([’1,&4,91) < 9;(1,p|-|,91)

=0 if 92*(n,0, 91) = 92*(1,0, 91) A Bg(n,pH,Gl) = 95(1,p|.|,91).
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After having found the partial derivative for one equiliom condition K),
we turn to the other equilibrium conditioh), Here, we can invoke the envelope
theorem in order to obtai% = 0. The idea is the following. Sinde represents
the indifference condition of an uninformed investor, thegortion of informed
investors enters only indirectly vigy, and we can write:

=0

oL 93 oxy 3T
n  9xy, oOn Ton- (56)

Sincexy, is the optimal signal threshold of an uninformed investbisatisfies
J(-,X3,) = Y. Thus, we must havg‘f(ziU = 0, which corresponds to a first-order
optimality condition. (This implicitly uses the result tithe equilibrium is unique.)

Third, we obtain the derivatives of the fundamental thrésshor sufficiently
small but positive values af. We find thatvn € [0, 1):

>0 if 65(n,0,6;) < 65(1,0,61) A B5(Nn,pH,61) > 65(1,pH,61)
d6;(n,0,6y) . . . .
— dn <0 if 65(n,0,61) > 65(1,0,61) A B5(Nn,pH,61) < 65(1,pH, 61)
=0 if eék(n?O? 91) = 95(1707 91) /\eék(n7pH791) = 95(17pH791)7

andvne [0,1):

<0 if 65(n,0,61) < 65(1,0,61) AB3(n, pH,01) > 65(1,pH,61)
d6;(n.pn.61) _ o * * *
— dn >0 if 65(n,0,6:) > 65(1,0,61) A B5(Nn,pH,61) < 65(1,pH,61)
=0 if 65(n,0,61) = 65(1,0,61) A 65(n, pr, 01) = 65(1, o, 61).

Step 3:In this final step, we combine the results from the previous steps
to show both boundedness and monotonicity. In particulamse the result that the
derivative of the fundamental threshold with respect togtaportion of informed
investors is zero once the boundary is hit. Therefore, thestiolds in the gen-
eral case of asymmetrically informed investors are alwaysmded, which proves
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Result (A). The distinction between the two cases ariseauss

>9§‘(1,p|_|,91) if 91>Ql
65(1,0,61) = { < 65(1,pn,61) if 61<86, (57)
=0 if 6,=6;.

Given boundedness, in turn, the derivatives of the fundaahéinreshold can be
clearly signed, yielding Result (B).

Next, for the case o, > 8,, we prove thad; (1, pH,601) < 65(pH), 85 (0) <
85(1,0,6,) for all n if a is sufficiently small. First,05(1,pn,61) < 85(0) =
05 (pn) = 05(0,p, 61) < 65(1,0, 61) if n=0, while92(0) 05(1,0,6,) and6; (pn) =
0;(1,p4,6y) if n=1. Second? dn \n 0> 0 and 9% )\n , = 0. Third, by con-
tinuity 65(0,p,6,) < 65(0) < 65(1,0,6;) and M > 0 for small values of
n. Fourth, if for anyn"e (0,1] 65(0) ,~ 65(1,0,61) Whenn — A, then — for suffi-
ciently small but positive values of — it has to be true tha; (pn) \, 65 (1, pH, 61)
whenn — fA. This is because of the result gtep 1 Fifth, givenw <0
if 65(0) > 65(1,0,6,) and 65(pH) < 65(1,pH, 61), it follows by continuity that
85(0) = 65(1,0,61) and 85(pn) = 65(1,pH,61) for all n > A. In conclusion,
85 (1,pH,61) < 65(pH),65(0) < 65(1,0,6q) for all ne [0,1] if a is sufficiently
small.

For the cas#); < 64, it can be proven tha; (1, p4,601) > 65(pn), 65(0) >
85(1,0,6,) V nif a is sufficiently small using a similar argument (all signseter
tion to fundamental thresholds flip).

Result (C). From equation(35),

65 (p) — t2(p, 61) az(p,61) + B

X(p) = 65(p)+ AT 5 ® () (58)
d>¢() _do3(p) B -
dn ~ dn <a2<p,el>+ﬁ) | 9)

Therefore, by continuity, there exists a sufficiently srball positive value ofr that
implies the required inequality, taking into account thenmionicity of the funda-
mental thresholds. Therefore, the distance between trdafoantal thresholds is

monotone for anyr > 0, which implies?.%© )d il 0. (g.e.d.)
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B.3.3 Proof of Proposition2

After a crisis in region 16; < u, all investors observe the realiz8dand a propor-
tion n of investors observe the realized correlatmnConsistent with our previous
notation,8;(n=0, p, 61) = 65 |6, > 6 denotes the fundamental threshold of region
2 after no crisis in region 1 an@ (n, p, 61) = 65|61 < 67, n after a crisis.

The proof builds on Lemmia 3 and is constructed in four stepst,kve de-
compose the right-hand side of equatibon (13)Eee= 62 < 65(0, p, 6;) by the law
of total probability, P{E3|6, > 6; } = pPr{E3|p=0,6, > 6;} + (1—p) P{Es|p =
pH,61 > 6;}. Sincep € (0,1), it then suffices to show both of the following in-
equalities:

Pr{6, < 65(n,0,61)[p = 0,6, < 6} > Pr{B, < 63(0,p, 64 p = 0,6 > 6;}(60)
Pr{6, < 63(n,0,61)[p = 0,6, < 6} > Pr{B, < 63(0,p,0)|p = pu, 61 > 6] },(61)

for all n € [0, 1], which we do below. In other words, we construct sufficientdio
tions without resorting to the ex-ante probability of a piesicorrelation.

Second, we consider the casenet 0. It can be shown, by a direct extension
of Propositior L, that there exists a unioggn = 0, p, 61) after no crisis in region
1 (see the proof of Lemnid 1). Given that the true distributbf; is the same on
both sides of inequality (60), the result follows directi{fe have thaB;|6; > 6;
must be strictly smaller thaé;(n = 0,0,6, < 6;), since the former consists of a
weighted average of the fundamental threshélfis = 0,0, 6,) for each6;, > 6;
with strictly positive weight on eacB; > 6;. For inequality[(6l), observe thé
is drawn from a more-favorable distributionaf= py becaus&; > 6; = u, which
works for our result. Hence, inequalify (61) is guaranteeddld forn = 0.

Third, consider the case of= 1. Recall thaf6;(n=0,p,6,)|61 > 6;] is
a weighted average @& (n= 1,py,61) and6;(n = 1,0, 61) with strictly positive
weights. Sincef;(n=1,pH,61) < 65(n=1,0,64) for all 6; > 6; (Lemmal3)
and, hence, for al, > 6;, we have thad;(n=1,0,61) > [65(n=0,p,61)|61 >
6;]. Hence, inequality((60) holds. Given th@t is drawn from a more-favorable
distribution if p = py, inequality [61) is guaranteed to hold.

Fourth, consider the casef (0,1). Recall from Lemmal4 thad; (n,0, 6;)
is continuous and strictly monotonenror n € (0,1). Hence,[(6D) and (61) hold for
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alln € [0,1]. As a result, inequality (13) holds for sufficiently precgévate infor-
mation, wherqg4 < oo denotes the maximum of the lower bounds on the precision
of private information(qg.e.d.)

B.4 Comparative statics and fundamental threshold ranking

This section analyzes the interaction betweenntiean effecand thevariance ef-
fect This interaction determines the ordering of fundamehiashold; (1,0, 61)
and8; (1, pn,61). However, note that our focus here is only on the orderingiof f
damental thresholds, and not on the ordering of proballita crisis. There is
no one-to-one mapping between the ordering of fundamédmediholds and the or-
dering of the probability of a crisis, since the realizedretation also affects the
conditional distribution of the fundament#h|p.

.ﬁ) was one of the first to examine the dependenceeofutida-
mental threshold on the precision of private and public nmfation 3, a). An

inspection of equatior (26) for the special case- ¢, reveals that the fundamen-
tal thresholdd; (1,0, 6,) increases (decreases) in the precision of the privatelsigna
B when the prior is strong (weak). This result is consisterthwhe findings of

Rochet and \ﬁvésl_(;(ﬁM). A related result is that the abokatioaship is opposite

when considering a change in the precision of the publicadign

Table[B.1 summarizes the effects of an increase in the edigalp if 6, < .
This affects both the meam(p, 61) and the precisiom,(p) of the updated prior
about8,. The effect of an increase ip on 65(1,p,6,), and its impact on the
ranking of fundamental thresholds, depends on the stresfdtie prior. The cases
where the mean effect (ME) and the variance effect (VE) gqinosite directions
are shown in bold in Table B.1. For a potentially positiveretation, this requires
a strong prior.

To understand the mechanics behind the results in Tabled:4l| thatdgff()f) >
0. As a result, the precision of the public signal is lowesewlfundamentals are
uncorrelatedgr < az(pn). Hence, the variance effect tends to decrease (increase)
85 (1,p, 6y) if the prior belief is that fundamentals are strong (weakhug, for a
strong prior, there is a tension between the mean and thenearieffect ifoy > 0.

This tension is crucial for Lemnid 3, derived below. By cositrafter no crisis in
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Prior Effect of an increase ip Ordering of thresholds
belief on8;(1,p,61)
Mean effect Variance effect
dé; %1;112)761) dug((jpﬁ)),el) do; %1&2791) dg‘zﬁ(f‘)) oy >0 oy <0
strong <0 05(1,pm,601) | 65(1,p1,61)
S0 < 03(1,0,61) | <65(1,0,61)
v if VE > ME
weak pe(=11) >0 65(1,04,61) | 65(1,pm,601)
’ > 65(1,0,61) | > 65(1,0,61)
if VE > ME

Table B.1: Effect of an increase mon the ordering of the fundamental threshold
in region 2 when all investors are informed after a crisiseigion 1,6, < 6; = .

region 1,0, > U, there is no tension between the mean and variance effeuts, s
they go in the same direction. We use this last result in tbefsf Lemmd_1.

Threshold ranking Investors in region 2 reassess the local fundamehtalhen
learning about a positive correlation. Both the mean anddhiance of the updated
prior aboutf, are lower after a crisis in region 1 (see Figlte 1). Thereftire
relative size of these mean and variance effects deterntieesverall impact on
the fundamental threshold relative to the case of a zerelketion,6; (1, o4, 61) <
65 (1,0, 91) We establish conditions for a ranking of thresholds afterisisin
region 1, specifically the sufficient conditions stated imipeal3.

At the core of Lemm&]3 is the variance of the updated prior édepen-
dence on the realized correlation. As just derived in TabIg Bhe variance effect
opposes the mean effect for a strong prior. To limit the sizthe mean effect,
we require a lower bouné, to ensure that the variance effect dominates the mean
effect, thereby generating the rankifg(1,0,6;) > 65(1,04,61) V 61 € (84, ).

A decrease in the relative precision of public signals dua kawer realized in-
creases the disagreement between informed investordhwitiaces them to attack
more aggressively. Note that the ranking reverses for laaed 6, 65 (1,0, 6;) <
05(1,pH,61) V 61 < B,. (See also the proof of Lemrh& 4.)

9The ranking of fundamental thresholds does not map onewoktio a ranking of the proba-
bility of a crisis in region 2. The distribution d#, conditional on6, varies with the correlation
of regional fundamentals. In particular, the distribut@ng,|p = pn, 61 places greater weight on
lower realizations than the distribution 6f|p = 0, 6;.

53



B.5 Proof of Proposition[3

The proof has five steps. First, consider the symmetric m&tion cases afi =0
andn=1. Then,3 > max{gg,gl} < o0 meets the sufficient conditions of Propo-
sition[d, soB; (1, p, 61) and6; (0, p, 61) are unique. Second, we have the threshold
ranking 65 (1,0, 6;) > 65(1,pn,6;1) under the sufficient conditions of Lemrh& 3;
that is, an intermediate realized fundamental in regiofy & (64, 1], and a strong
prior about the fundamental in region 2 (Definitidn 1).

Third, Propositiofi]l implies that the fundamental thredivahen all investors
are uninformedg; (0, p, 61), is a weighted average of the fundamental thresholds
used by informed investors. Since the weight satigfies(0,1), we have the fol-
lowing ranking:

min{65(1,0,61),65(1,pn,61)} < 65(0,p,61) < max{65(1,0,64),605(1,pu,61)}.

Combined with the second point, we ha¥g1,0,61) > 65(0,p,61) V 61 € (84, U].

Fourth, given that the realized correlation of regionaldamentals is zero,
p = 0, the ordering of thresholds implies an ordering of prolias. That is, the
probability of a crisis in region 2 is higher when all invest@re informed than
when all investors are uninformed:

Pr{6,<0;(n=21,p=0,61)} >Pr{6, < 6,(n=0,p=0,61)},V 61 € (64, H].

Fifth, we generalize the result to any proportion of infoomevestorsh €
(0,1), which yields the result stated in equatignl(14). From Ler@inave have
W >0V 6y € (84, ] if private information is sufficiently precise§ <
B < o, and public information is sufficiently imprecise,<0a < @. Finally, we
denotef, < max{gg,gl,g} < o0 as the maximum of the stated lower bounds on

the precision of private information. The result of Propiosi[3 follows. (g.e.d.)
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B.6 Intuition: costs and benefits of a tailored signal thresbld

Consider the benefit of using a tailored signal threshold.irkormed investor’s
marginal benefit of using a higher signal threshqlgh, p, 6;) is given by

bf npel ()/(\(n7p791)|62)f(627p761>d62

_ (62)
| Jo;(np.6,) 9% (N, 61)|62) f (62, p, 61) 62,

which is zero when evaluated gt(n, p, 61) = X/ (n,p,61) V p € {0,p4} by opti-
mality. Furthermore, equation (62) decreases monotdyitek; (n, p, 61):

0 >0 if x(n,p,01) <6
dg(s (n.p.61)(6) _ { (np.61) < 6, -

dsi (n, p, 61) <0 ifx(np,61)> 6,

andlimyg ., X{ (n,p. 6) = 63(n,p. 6) V p {0, pu}.

When 6;(1,0,6;) > 65(1,pn,61), we have tha(n,0,6;) > x;(n,6,) >
X (N, pH, 61). Thus, the marginal benefit of increasixgn, 0, 6;) abovex; (n, 61)
iS

65(n,0,61)
b %08 gk 16,)F(6,)dB
p( = (X‘i‘ 2) 1 (62)d% )>o, (64)
—1 Jg;(n0.6,) 901 62) f(62)d62
while the marginal benefit of increasing (n, pn, 61) abovex(; (n, 61) is

b 2™ g(x;162) (62w, 61)d6
(1- p)( o . ) <0. (65)

—1 Jos(n,p1.6,) 904 162) (82| pH, 61)d 62

These expressions are best understood in terms of typetypadl errors. Let the
null hypothesis be that there is a crisis in region 2, such@pa: 6;. Each of the
expressions in equatiorls {64) andl(65) has two componehis fif6t component
in each equation represents the marginal benefit of attgeiiren a crisis occurs.
(Equivalently, this is the marginal loss from not attackivigen a crisis occurs (type-
| error).) The second component in each equation is negatiderepresents the
marginal cost of attacking when no crisis occurs (type4iber

Lemmal4, together with Propositibh 1, implies the followin&fter a crisis
in region 1, we have thad; (n,pH,61) < 65(n,0,61) Vne [0,1] if 81 € (84,6)),
the fundamental in region 2 is strong, private informatisrsufficiently precise,
and public information is sufficiently imprecise. Hencee tharginal benefit of in-
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creasing’(n, 0, 1) abovex (n, 61) is positive, because the type-l error is relatively
more costly than the type-Il error. By contrast, the margioemefit of decreasing

X (N, pH, 61) belowx, (n, By) is positive, because the type-II error is more costly. In
sum, informed investors attack more aggressively upomiegthatp = 0.

B.7 Proof of Proposition[4

The proof has three cases and builds on equdtidn (17). Bqudir) is constructed
from EU; andEUy . The expected utility of an informed investor is

E[u(di=1,n)]=EU, —c (66)

6;(n,0,6
. 0I5 e noey 90Xl 0) i  (6210,61)d6, )

- feg?on,o,el) Jxia<x (n,0,6,) 9(Xi2|02)d%2 (2|0, 61)d6;

6;(n,pH,0
bfjo(n’pH’ 1) fxmgxr(mpmel)g(x52|62)d)q2f(92|pH,91>d62 )

+(1- p)( o
—I fe;(n,pHﬁl) Jxa<x: (npy.00) 9(%i262) %2 (B2|oH, 61)d 6,

By contrast, the expected utility of an uninformed invessor

Elu(di=U,n)|=EWy (67)
( bf_Qi(n,O,Gﬂ f)ngx{j(nﬁl)g(X52|62)d)qu(92|o’ 01)d6; )
—| fe;?onpﬁl) fxiggx(j (n,61) 9(Xi2|62)dx2f (62[0, 61)d 6,

b %P [ (noy) 92l 62) A f (B2, 61)l6, )

+ (1- p)( o
I fgmpm Jxa<xt(npu.60) (%2 62)dX%2F (62|01, 61)d 6,

First, for 6, = 8, there are no benefits from acquiring information because
X (n,p,01) =%;(n,81) Vp. Hencec(n,8,) =0V ne [0,1].

Second, if8; < 6, < 67, thenB;(n,0,61) > 65(n, py, 61) andx(n,0, 6;) >
x5 (n, B1) > X (N, pu, 61) under the sufficient conditions of Leminla 3 and Lenfiina 4.

We will prove that®™%%) > 0 v g, e (8,,6;) andc(n, 61) >0 V 61 € (64, 65).

Anincrease in the proportion of informed investors is agged with a (weak)
increase in bott®; (0) andx5(0) as well as a (weak) decrease in bé&{p+) and
X5(pH). Furthermorex (n, 8;) is unaffected. An increase imleads to a relative
increase in the benefit component in the first summand of equffd), and a rel-
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ative increase in the loss component in the second summanadhiB reason, the

left-hand side of equatiof (1L7) increasesujﬁrhus,% >0V6e(6,,6).

It remains to consider the case 6f < 6,. Here, we haved;(1,0,6,) <
65 (1, pH,61) andB;(1,0,61) < 65(n,p,61) < 65(1,pn,601) V p € {0,1}. Hence,
X (n,0,01) < x(n,81) <X (N, pH, 61). We will prove that% >0V0o <0,

andc(n,01) >0V 01 < 8.

Again, itis optimal to purchase information if the diffetel expected payoff
is positive. Given tha#;(1,0,6;) < 65(1, pn, 61), the first two summands if_(1L7)
are strictly positive and, thus(n,81) > 0 V 61 < 8,. Furthermore, an increase in
n is associated with a (weak) decreaseéjif0) andx;(0), and a (weak) increase
in 65 (pn) andx;(pn). For this reason, an increaserieads to a relative increase
in the loss component in the first summand of equafioh (17)eamdhtive increase
in the benefit component in the second summand. As a resulhawe that the
left-hand side of equation (1L7) increaseswinThus,dC(gfl) >0V 6, < 64, which
concludes the proofg.e.d.)

B.8 Proof of Proposition[3

The result follows from Propositidd 4 in combination withoBosition[2. From
Propositior # there exists a strictly positive cost lewek ¢(0, 8;), such that in-
formation acquisition occurs for alh; # 64, i.e. n* = 1. Hence, there exists a
unique pure-strategy PBE where the wake-up-call contagfil@ct arises if private
signals are sufficiently precisg,> max{§2,§4}, and the public signal sufficiently
imprecisea < @. (g.e.d.)
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