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Introduction - Motivation

What triggers a bank run?

What is a modern bank run?

collapse of markets for short term funding
banks cannot refinance maturing debt

How do they happen?

Diamond & Dybvig (1983) - multiple equilibria

full coordination via sunspots

Morris & Shin (2004) - unique equilibrium

coordination via precise information



Introduction - Contribution

This paper:

extend Morris & Shin (2004) to match the model to the data

empirically study the role of dispersed information in
explaining default risk at the bank level

introduce a novel set of instruments for market forecasts



Introduction - Contribution

We find two new empirical regularities:

lower dispersion of beliefs amplifies the reaction of default risk
to changes in market expectations - - amplification effect

if forecasts about a bank’s profitability are bad, lower dispersion
of beliefs greatly increases default risk - - direct effect

To sum up,

precise information helps creditors to coordinate on a bank run
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Model

Success Failure
ψ < θ ψ ≥ θ

Rollover 1 0

Run λ λ

Information:

common prior θ ∼ N (y, 1/α)

private signals xi = θ + εi where εi ∼ N (0, 1/β)

posterior beliefs ξi ∼ N
(
αy+βxi

α+β , 1
α+β

)

Equilibrium:

run iff xi < x∗, where x∗ is the switching signal

default iff ψ ≥ θ



Model

in games with strategic
complementarities, players
benefit from coordinated actions

suppose creditors expect a poor
performance from a bank

if information is precise they
infer that many other creditors
received similar bad signals too

expecting many others to run,
each creditor is more willing to
run as well

Key insight: precise information helps creditors to
coordinate on a bank run

Good Times



Testable Implications

Proposition (Amplification Effect)

The impact of expectations on default risk is amplified by more
precise signals when beliefs lie in an intermediate range.

dP (def)
dξ < 0

d2P (def)
dξdβ < 0 iff ξ ∈ [ξLβ , ξHβ]

d2P (def)
dξdα < 0 iff ξ ∈ [ξLα , ξHα]

(1)

Proposition (Direct Effect)

More precise signals increase default risk when expectations are
not favorable.

dP (def)
dβ > 0 iff ξ < ξβ

dP (def)
dα > 0 iff ξ < ξα

(2)



Data and Measurement

Credit Default Swap (CDS) spreads from Markit to measure
default risk

median (ξ) and standard deviation (δ) of forecasts about each
bank’s future profitability are obtained from I/B/E/S

banks’ balance sheet data are obtained from Bankscope

we observe 150 banks worldwide from 2005 to 2012 at monthly
frequency



Empirical Strategy

Our baseline empirical model is

CDSj,t = ρCDSj,t−1 + γ1Et(ROAj,t+1)(Precisej,t)+

+ γ2Et(ROAj,t+1)(1− Precisej,t)+
+ γ3δEjt + β>xj,t−1 + ηj + λt + ej,t

where Precisej,t = 1(δEjt ≤ p(50)t).

Hypotheses Testing:

less dispersed beliefs amplify the reaction of default risk to
forecasts (γ1 < γ2 < 0)

less dispersed beliefs increase default risk (γ3 < 0)



Empirical Strategy - Identification

Instrumenting current expectations:

Fundamentals follow AR(1) : θt = a+ bθt−1 + ut, a and b unknown

Bayes Rule ⇒ Et[θt+1] = at−1 + bt−1θt + κtFEt =
∑∞
j=0 κt,jFEt−j

Forecast Error FEt ≡ θt − Et−1θt

Et[θt+1] ≈
∑∞
j=0 κjFEt−j

1st Stage More Details

Instrumenting dispersion of beliefs:

assume the variance of ut (ν2) is also unknown, with diffuse priors

Et[ν
2] = t−1

t Et−1[ν2] + 1
t û

2
t

δEt depends on variance of both ut (ν2) and private signals



Empirical Strategy - Identification

Empirical Specification:

CDSj,t = ρCDSj,t−1 + γ1Et(ROAj,t+1)(Precisej,t)+

+ γ2Et(ROAj,t+1)(1− Precisej,t)+
+ γ3δEj,t + β>xj,t−1 + ηj + λt + ej,t

Endogeneity: E[Et(ROAj,t+1)ej,t] 6= 0 and E[δjtej,t] 6= 0

Identification:

assume {FEj,t−k , δjt−k , Et−k(ROAj,t−k+1)} ∀k > 0 correctly
excluded from 2nd stage

if ej,t serially uncorrel. (testable) the orthogonality conditions hold:

E[ejtFEjt−k] = 0 , E[ejtδjt−k] = 0 , E[ejtEt−k(ROAj,t−k+1)] = 0

identification then requires the instruments to be meaningfully
correlated with the endogenous regressors



Results - Amplification Effect

Precise Information:

amplifies the reaction of default risk to market forecasts (γ1 < γ2)

carries a multiplier of 2.5 (γ1/γ2 ≈ 2.5)



Results - Direct Effect

less dispersion increases default risk (γ3 << 0)

consistent with our model, not with “Jensen Inequality” models

information sensitivity of debt

Pre-Crisis



Model - Qualitative Assessment

Table 11: P
⇣

dP (def)
d� > 0

⌘

�
0.5 0.7 0.9 0.95

0.5 0 0.22 0.99 0.99

z 0.7 0 0.99 0.99 0.99

0.9 0 0.99 0.99 0.99

0.95 0 0.99 0.99 0.99

Table 12: P
⇣

dP (def)
d↵ > 0

⌘

�
0.5 0.7 0.9 0.95

0.5 0 0 0.05 0.06

z 0.7 0 0 0.29 0.31

0.9 0 0.31 0.69 0.69

0.95 0 0.55 0.77 0.77

Table 13: P
⇣

d2P (def)
d⇠d� < 0

⌘

�
0.5 0.7 0.9 0.95

0.5 0.01 0.12 0.56 0.56

z 0.7 0.01 0.75 0.86 0.86

0.9 0.02 0.92 0.86 0.86

0.95 0.02 0.89 0.81 0.81

Table 14: P
⇣

d2P (def)
d⇠d↵ < 0

⌘

�
0.5 0.7 0.9 0.95

0.5 0 0 0.47 0.58

z 0.7 0 0 0.91 0.87

0.9 0 0.91 0.82 0.86

0.95 0 0.59 0.76 0.80

Table 15: P
⇣

d2P (def)
d⇠dz < 0

⌘

�
0.5 0.7 0.9 0.95

0.5 0.99 0.99 0.95 0.94

z 0.7 0.99 0.99 0.71 0.70

0.9 0.99 0.70 0.31 0.31

0.95 0.99 0.49 0.23 0.22

Table 16: P(Default)

�
0.5 0.7 0.9 0.95

0.5 0.01 0.02 0.16 0.18

z 0.7 0.01 0.04 0.37 0.38

0.9 0.01 0.38 0.62 0.62

0.95 0.01 0.51 0.67 0.68

42



Conclusions

We have established two new results:

the sensitivity of default risk to market expectations is amplified
by more precise information

precise information raises banks’ vulnerability by more than standard
measures of banks’ fragility

less dispersion of beliefs largely increases default risk, especially
when forecasts are not favorable

Policy implications:

more transparency during financial turmoil may harm less
profitable banks

less transparency during panics can reduce fragility
Gorton (1985) on U.S. clearinghouses



Conclusions

Thank you!



Additional Results - Amplification Effect

Measures of fragility:

carry multipliers ranging from 1.3 to 2.8

these multipliers are never different from 1 at 5% confidence level



Additional Results - Amplification Effect

precise info: conditional multipliers range from 3.5 to 5.5

fragility measures: conditional multipliers range from 2 to 2.5

all significantly different from 1 at 5% confidence level



Additional Material - More on the Model

Information structure and Timing:

Stage 1:

common prior θ ∼ N (y, 1/α)
private signals xi = θ + εi where εi ∼ N (0, 1/β)

posterior beliefs ξi ∼ N
(
αy+βxi
α+β

, 1
α+β

)
creditors decide whether to roll over or foreclose the loan

Stage 2:

τ ∼ N (0, 1/γ) is realized and the bank defaults if zl ≥ θ + τ

Equilibrium is a couple (x∗, ψ) such that:

creditor forecloses iff xi < x∗ which implies that l = Φ(
√
β(x∗ − θ))

bank defaults if ψ ≥ θ + τ , where ψ is the equilibrium size of the
attack



Additional Material - More on the Model

Find ψ for a given x∗:
at stage 1 there is a critical level of θ that in expectation makes the bank
indifferent between defaulting or not

0 = E[θ + τ − zΦ(
√
β(x∗ − θ)) | θ] = θ − zΦ(

√
β(x∗ − θ)) (3)

this critical level of θ is the fixed point ψ of (3):

ψ = zΦ(
√
β(x∗ − ψ)) (4)

Find x∗ for a given ψ:
creditor receiving x∗ is indiff between rolling over and foreclosing the loan:

λ = Pr(θ + τ > ψ | x∗) = 1− Φ

( √
γ(α+ β)

√
α+ β + γ

(ψ − ξ∗)
)

(5)

rearranging (5) yields

x∗ =
α+ β

β

(
ψ + Φ−1(λ)

√
α+ β + γ√
γ(α+ β)

)
−
α

β
y (6)

Combining (4) and (6) implicitly determines ψ:

ψ = zΦ

(
α√
β

(ψ − y) +

√
α+ β

√
α+ β + γ√
βγ

Φ−1(λ)

)
(7)

Go Back



Additional Material - Figures

Figure: Good Forecasts and Dispersion

Go Back



Additional Material - Graphs

Go Back



Additional Material - Graphs



Additional Material - Graphs

Go Back



Additional Material - Pseudo First Stage
Table 10: Learning and Forecast Errors

Et(ROAi,t+1) �Ei,t

(1) (2)

Crisis

Et�1(ROAi,t)
0.801***
[0.021]

FEt�1
0.0648** -0.0849***
[0.028] [0.027]

�Ei,t�1

0.649***
[0.117]

FE2
t�1

0.00344
[0.005]

Pre-crisis

Et�1(ROAi,t)
0.909***
[0.087]

FEt�1
0.275* -0.102***
[0.152] [0.029]

�Ei,t�1

0.715***
[0.099]

FE2
t�1

0.00823***
[0.003]

Bank + Time FE yes yes

# obs. 4551 3688
R2 0.83 0.72

Notes: within estimator with time and bank-specific fixed e↵ects. The dependent variable is the median of the
analysts’ forecasts formed at time t on the ROA of bank i in t + 1 (Et(ROAt+1) in column 1) or the standard
deviation of analysts’ forecasts formed at time t on the ROA of bank i in t + 1 (�Et in column 2). FE is the
forecast error in previous forecasts defined as FEt = ROAt �Et�1ROAt. Coe�cients are allowed to vary in times
of crisis (post September 2007). Additional controls: CDSi,t�1, actual ROAi,t�1, leveragei,t�1, deposit to total
funding ratioi,t�1, tier-1 capital ratioi,t�1, net charge-o↵s to gross loans ratioi,t�1, non-performing loans to gross
loans ratioi,t�1. Robust standard errors in brackets. ***,**,* indicate statistical significance at 1%, 5%, and
10%, respectively.
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Additional Material - Bayesian Learning

Forecast Errors as Valid Instruments:

Fundamentals follow AR(1) : θt = a+ bθt−1 + ut, a and b unkwown

Prior φ′0 = (a0 b0) ∼ N(µ0,Ω0)

θt | Θt−1, φt−1 ∼ N(at−1 + bt−1θt−1, ν
2)

Bayes Rule ⇒ f(φ | Θt) = N(µt,Ωt), where

µt = Ωt
(

Ω−1
0 φ0 + ν−2(Z′tΘt)

)
Ωt =

(
Ω−1

0 + ν−2(Z′tZt)
)−1

where zt = (1 θt−1)′

Etθt+1 = z′t+1µt = z′t+1µt−1 + z′t+1Ωtν
−2zt(θt − z′tµt−1)

θt − z′tµt−1 is last period’s forecast error



Additional Material - Bayesian Learning

Forecast Errors as Valid Instruments:

Etθt+1 = z′t+1

∑∞
j=0 Ωt−jν

−2zt−j(θt−j − z′t−jµt−j−1)

take a linear approximation around its unbiased stochastic
steady state

dEtθt+1 ≈
∑∞
j=0 c̄−jdfet−j +

∑∞
j=0 dct−j f̄ e

fet−j ≡ (θt−j − z′t−jµt−j−1)

ct−j ≡ z′t+1Ωt−jν−2zt−j

dEtθt+1 ≈
∑∞
j=0 c̄−jdfet−j

Go Back



Additional Material - Before the Crisis

before the crisis, debt is less informationally sensitive

for favorable forecasts, more dispersion increases default risk

Go Back



Additional Material - Before and During the Crisis
Table 8: The e↵ect of expectations, information precision and bank’s characteristics on default
risk before and during the crisis

Dependent variable: CDS spread. Sample: Jan 2005 - Dec 2012.

Fragility
Leverage Customer dep. Interbank

(1) (2) (3)

Crisis

(Fragilet, Pret)Et(ROAi,t+1) -39.50*** -36.82*** -28.71***
[10.36] [10.27] [9.169]

(Fragilet, Imprt)Et(ROAi,t+1) -9.903 -10.59 -10.96*
[8.073] [6.516] [6.028]

(Soundt, Pret)Et(ROAi,t+1) -15.60** -13.95** -15.79**
[6.718] [6.852] [7.273]

(Soundt, Imprt)Et(ROAi,t+1) -7.900 -7.352 -7.416
[6.074] [5.163] [5.866]

�Ei,t -11.61* -9.795* -10.82*
[6.187] [5.905] [5.915]

Pre-crisis

(Fragilet, Pret)Et(ROAi,t+1) -50.06*** -32.88** -21.25**
[16.12] [13.39] [9.771]

(Fragilet, Imprt)Et(ROAi,t+1) -17.01* -23.47** -5.637
[9.003] [11.50] [6.125]

(Soundt, Pret)Et(ROAi,t+1) -5.827 1.901 -6.591
[6.467] [8.047] [8.121]

(Soundt, Imprt)Et(ROAi,t+1) 0.497 4.657 -2.566
[5.481] [5.600] [6.974]

�Ei,t -45.89 18.09 -4.761
[28.75] [23.46] [20.31]

Bank + Time FE yes yes yes
IV yes yes yes

# obs. 3552 3552 3552
R2 0.903 0.903 0.903
p-val of Hansen stat 0.427 0.350 0.335
p-val of Underid. test 0.000 0.000 0.000
Kleibergen-Paap F stat 12.21 11.45 12.75
p-val of Godfrey test 0.243 0.269 0.275

Tests (p-values)

Pre-crisis: (Fragilet, Pret) = (Fragilet, Imprt) 0.003 0.378 0.079
Pre-crisis: (Fragilet, Pret) = (Soundt, Pret) 0.001 0.014 0.148
(After,Fragt, Pret) = (Before,Fragt, Pret) 0.525 0.784 0.505

Notes: two-step GMM estimator with time and bank-specific fixed e↵ects. The dependent variable is bank
CDS spread at time t, defined as the monthly average of daily CDS spreads. Et(ROAt+1) is the median of the
analysts’ forecasts formed at time t on the ROA of bank i in t + 1. �Et is the standard deviation of analysts’
forecasts formed on at time t on the ROA of bank i in t + 1. (Pret) is an indicator function identifying precise
signals. (Pret) takes unitary value if the standard deviation of the forecasts on bank i is below the median of its
cross-sectional distribution in time t. (Imprt) is defined as (Imprt) = 1 � (Pret). (Fragilet) is an indicator
function identifying fragile banks. (Fragilet) takes unitary value if banks’ measure of structural solidity is below
the median of its cross-sectional distribution in time t. (Soundt) is defined as (Soundt) = 1 � (Fragilet).
Fragility measures vary across columns: leverage (total assets to common equity) in column 1, customer deposits
to total funding ratio in column 2, and net exposure towards other banks (loans to banks – deposits from banks)
to total assets ratio in column 3. Instrumented regressors: (Fragilet)⌦ (Preciset)Et(ROAt+1) and �Ei,t . Set
of instruments: lags of (Fragilet)⌦ (Preciset)Et(ROAt+1) and �Ei,t and forecast errors lagged once or more.
Additional controls: , actual ROAi,t�1, leveragei,t�1, deposit to total funding ratioi,t�1, tier-1 capital ratioi,t�1,
net charge-o↵s to gross loans ratioi,t�1, non-performing loans to gross loans ratioi,t�1 and the lag of the variable
used in the definition of fragility. Robust standard errors in brackets. ***,**,* indicate statistical significance at
1%, 5%, and 10%, respectively.

39


