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Abstract

We study the effects of deposit insurance and observability of previous
actions on the emergence of bank runs by means of a controlled laboratory
experiment. We consider three depositors in the line of a bank, who decide
between withdrawing or keeping their money deposited. We have three
treatments with different levels of deposit insurance which reflect the losses
a depositor may incur in the case of a bank run. We find that different
levels of deposit insurance and the possibility of observing other depositors’
actions affect the likelihood of bank runs. When decisions are not
observable, higher levels of deposit insurance decrease the probability of
bank runs. When decisions are observable, this is not the case. These results
suggest that (i) observability might be considered as a partial substitute of
deposit insurance, and that (ii) the optimal deposit insurance should take
into account the degree of observability.

Keywords: deposit insurance, observability, bank runs, experimental
€conomics.

JEL Classification: G21, C90.

" We are indebted to Luis Moreno-Garrido for his contribution to the experimental design.
We would also like to thank Coralio Ballester, Lola Collado, Jaromir Kovarik, Juan Carlos
Negrete and Agnes Pinter for helpful comments. Finally, this paper has benefitted from
suggestions provided by participants of the XXXV Simposio Asociacion Economia
Espanola (SAEe) and the III M-BEES in Maastricht. Financial support from Spanish
Ministry of Education and Science (SEJ2007-62656) is gratefully acknowledged. The
authors kindly acknowledge financial support from the Spanish Ministry of Science and
Innovation under the projects ECO 2008-00510 (H. J. Kiss), ECO2008-06035/ECON (I.
Rodriguez-Lara) and ECO2010-19830 (A. Rosa-Garcia).

" H. J. Kiss: Autonomous University of Madrid. Contact author: hubert.kiss@uam.es.
I. Rodriguez-Lara: ERI-CES, University of Valencia. A. Rosa-Garcia: University of Murcia.

3



1 Introduction

This paper investigates how deposit insurance and observability of previous actions affect the emergence of
bank runs by means of a controlled laboratory experiment. In 2007, the run on the English bank Northern
Rock heralded the recent financial turmoil. This bank suffered massive withdrawals within days despite that
bank deposits in the UK were insured.! Media coverage that made observable the lines in front of the bank
offices might have contributed to the protraction of the run.

Deposit insurance is regarded as one of the pillars of modern financial safety nets. The main objective of
deposit insurance is to protect depositors who cannot generally make an informed assessment of the risk that
the bank to which their funds are entrusted may fail. During the recent crisis, one of the public aims has been
to maintain the confidence in the financial intermediation and to avoid runs on banks without problems with
the fundamentals. To this purpose, the level of deposit insurance has been increased in the EU (Directive
2009/14/EC), and national governments took discretionary measures (e.g. the Dutch government’s injection
of EUR 10 billion into the ING group).

Observing other depositors’ actions is an important issue as testified by descriptions of real-world bank
runs (Sprague, 1910; Wicker, 2001) and by statistical data on run episodes (Starr and Yilmaz, 2007). These
studies make clear that depositors’ decisions are not simultaneous, but many depositors have information
about what other depositors have done and react to this information when making their decisions (Kelly
and O Grada, 2000; Iyer and Puri, 2008). The idea of sequential decisions, however, is absent in most of the
theoretical literature on bank runs, which builds on the seminal paper by Diamond and Dybvig (1983) and
considers simultaneous decisions.

We design an experiment to study how different levels of deposit insurance and observability of actions
affect the emergence of bank runs. The lack of detailed data about depositors’ behavior in real-world
situations complicates the analysis of these issues. Carrying out laboratory experiments that mimick bank
runs may be a useful way to shed light on the effectiveness of different levels of deposit insurance, given
various degrees of observability of depositors’ behavior.

Our experiment resembles a bank-run environment with three depositors lining up at a bankk, in which
earlier they deposited their endowments of 40 monetary units (MU). Depositors are randomly assigned a
position (that is made known to them). This position determines the order in which depositors choose

between waiting or withdrawing their money from the bank.? Each depositor knows her own liquidity needs,

IThey were fully insured up to GBP 2000, and 90% of the deposits were insured above this sum up to GBP 35000.
2We use "keeping the money deposited" and "waiting" in an interchangeable manner. The assumption about the perfect

knowledge of the position is often considered in theoretical models (Andolfatto et al., 2007; Green and Lin, 2000; Ennis and



which is private information. Following the literature, we consider two types of depositors. There is an
impatient depositor who has an immediate need for funds and always withdraws her deposit. The other two
depositors are patient, so they do not need their money urgently and decide whether to withdraw their funds
from the bank or to keep them deposited.

Whether the other depositors’ decisions are observable is determined by the position in the sequence and
the informational setup. In this paper, we focus on two setups: the simultaneous and the sequential one.
In the simultaneous setup depositors do not have any information about what other depositors have done
whereas in the sequential setup each previous decision is observable and depositors acting early are aware
that their decisions will be observed.

In the experiment, patient depositors choose between waiting or withdrawing during 15 rounds, with
variation of information and position in each round. If both of the patient depositors decide to wait, they
receive the highest possible payoff (70 MU). Withdrawal yields a lower, but a still relatively high payoff
(50 MU) to the first two depositors who decide to withdraw, regardless of her liquidity needs. The payoff
for a depositor that withdraws after two withdrawals is 20 MU. Deposit insurance becomes relevant when
a patient depositor waits alone. In this case, we consider three possible payoffs which correspond to three
different treatments. When there is no insurance, the patient depositor who waits alone receives a payoff
of 20 MU which is as low as the payoff she would receive upon withdrawal once the other two depositors
have withdrawn. Since the bank starts with 3x40= 120 MU, after two withdrawals that yield 50 MU, the
bank has only 20 MU to be paid to the depositor who waits. In the case of partial deposit insurance, the
patient depositor who waits alone receives a payoff (30 MU) that is lower than the initial endowment and
lower than the payoff to the first two withdrawing depositors. Nevertheless, it is higher than the payoff in
the no-insurance case. In the full insurance case, a depositor who waits alone receives her initial endowment
(40 MU). Hence, when there exists full insurance a patient depositor cannot lose money compared with the
initial endowment, but still the first and second depositors who withdraw receive a higher payoff. Given
these payoffs, bank runs can be approached as a coordination problem, meaning that a patient depositor
prefers to wait if the other patient depositor does it as well.

We define a bank run as a situation in which at least one of the patient depositors withdraws. While
previous experiments study how the likelihood of bank runs varies as the level of deposit insurance changes,
ours allows also for variation in observability. This new dimension is shown to be relevant since others’
decisions may affect our choices, and it is in fact which occurs in the experiment. The possibility of observing

early withdrawals may spark off a bank run despite high levels of deposit insurance. Though, if early

Keister, 2009).



depositors are observed to keep the money in the bank, bank runs would be less likely to occur. The
experimental data show that observability plays a role in the emergence of bank runs as the sequential setup
decreases significantly the likelihood of bank runs with respect to the case of simultaneous decisions. As
expected, deposit insurance is also important in reducing the likelihood of bank runs since both partial and
full insurance decrease the likelihood of bank runs in any of the two setups.

When investigating the interplay between the different levels of insurance and observability we find
that their effects are not independent. If decisions are not simultaneous but sequential, we find that deposit
insurance decreases the likelihood of bank runs, but the effects of full and partial insurance in our experiment
are not significantly different. This is the main contribution of the paper, since it shows that the effectiveness
of different levels of deposit insurance depends on the degree of observability, a finding that is absent in the
literature. This fact has policy implications, since it implies that in an environment characterized by high
level of observability preventing bank runs is less costly, and minimizing the likelihood of bank runs and
keeping down the the moral hazard implied by deposit insurance are not mutually excluding aims.

The remainder of the paper is organized as follows. In Section 2 we review the relevant literature. In
Section 3 we present the experimental design. We report our results in Section 4. Section 5 concludes. The

instructions for the experiment are relegated to the Appendix.

2 Related literature

The literature identifies two polar explanations for the occurrence of bank runs: (i) the worsening of fun-
damental variables (e.g., macroeconomic shocks) and (ii) coordination failure among depositors (e.g., self-
fulfilling prophecy). Empirical evidence suggests that bank runs cannot be explained by changes in the
fundamentals alone (Calomiris and Mason, 2003) so coordination problems also play an important role.
Most of the theoretical literature builds on the seminal paper by Diamond and Dybvig (1983) and considers
simultaneous decisions. Gu (2011) incorporates the idea of observability, and focuses on a signal extraction
problem in which depositors try to find out whether their bank has fundamental problems or not, so her
focus is different from ours.

Our paper is mainly related to the empirical literature on deposit insurance and the experimental liter-
ature on bank runs. The empirical literature on deposit insurance studies issues of the design and imple-
mentation, as well as the impact of deposit insurance on bank stability and financial development. This
literature identifies partial insurance as an important element of good design (Demirgiic-Kunt et al., 2008),

and states that high level of insurance enhances moral hazard that inflicts big damages on financial stabil-



ity (Demirgiic-Kunt and Detragiache, 2002). The optimal level of deposit insurance is an open theoretical
question. There exist many factors that determine the optimal level such as the stage of development of the
financial system, the macroeconomic conditions, or the political environment. In this paper, we leave aside
the design of optimal deposit insurance and issues of moral hazard while focusing our attention on studying
how different levels of deposit insurance and observability affect the likelihood of a bank run by means of a
laboratory experiment.

The experimental literature on bank runs studies factors that most favor or prevent bank runs. This
literature identifies deposit insurance as an important element that might prevent bank runs. Madies (2006)
uses a simultaneous-move repeated-game framework and finds that (i) partial deposit insurance neither
prevents nor stops the propagation of bank runs, as even depositors with a 75% insurance do not behave
differently from uninsured depositors, and that (ii) the likelihood of bank runs is higher when the level of
deposit insurance is lower, in spite of the ineffectiveness of deposit insurance. In Schotter and Yorulmazer
(2009) depositors observe the number of depositors that have withdrawn and the amount that has been
withdrawn, but within any period decisions are simultaneous. In this context, the authors find that deposit
insurance guaranteeing 50% of the initial deposit helps to decrease the occurrence of bank runs, whereas the
20% insurance level does not affect depositors’ behavior compared with the no-insurance case.

Similarly to Madies (2006) we also show that in the simultaneous setup higher level of insurance leads
to less bank runs, and we share with Schotter and Yorulmazer (2009) the finding that in a sequential setup
partial insurance effectively lowers the the likelihood of bank runs. Moreover, we show that in a sequential
setup implementing full insurance does not have an additional decreasing effect.

Another important feature that has been studied in the experimental literature on bank runs are coor-
dination problems. Arifovic et al. (2010) show that when depositors perceive coordination to be difficult,
bank runs are more likely to emerge. On the contrary, when coordination is perceived to be easy, depositors’
behavior is likely to converge to the no-run equilibrium. This result is related to Garratt and Keister (2009),
who show that forced withdrawals increase the difficulty of coordination and thus the likelihood of bank
runs.® To approach the issue of coordination problems, Kiss, Rodriguez-Lara and Rosa-Garcia (2009) study
whether observability may prevent bank runs, whereas Klos and Striter (2010) test the prediction of the
global game of bank runs in a laboratory experiment. None of these studies, however, considers the role of

deposit insurance in the emergence of bank runs.

3Forced withdrawals mean that some subjects were not allowed to decide on their own but forced to withdraw. Using forced
withdrawals, the authors capture the idea that in crisis times more depositors need to withdraw their funds from the bank,

reducing the amount of available liquidity to meet further withdrawals.



3 Experimental Design

A total of 192 students were recruited from the undergraduate population of the Universidad de Alicante.
Students had no (or very little) prior exposure to game theory. The experiment was conducted at the
Laboratory of Theoretical and Experimental Economics (LaTEx), using the experimental software z-Tree
(Fischbacher, 2007). The laboratory consists of 24 computers in separate cubicles and any form of commu-
nication between subjects was strictly forbidden.

we ran a total of 8 sessions. In each session, instructions were read aloud. We let subjects ask about
any doubts they may have had before starting the experiment.? The average length of each session was 45
minutes. Subjects received on average 12 Euros for participating, including the show-up fee of 4 euros.

In each session, subjects were divided into two matching groups of 12. Subjects from different matching
groups never interacted with each other throughout the session. Within the same matching group, subjects
were randomly and anonymously matched in pairs at the beginning of each round. Each of these pairs was
assigned a third depositor, simulated by the computer so as to create a three-depositor bank in each round.
Subjects knew that one of the depositors in the bank was simulated by the computer.

In each session, the three depositors played a coordination problem for 15 rounds. In each round,
depositors invested an initial endowment of e = 40 Spanish pesetas in the bank.> Then, they were randomly
assigned a position in the sequence of decisions and asked to decide consecutively, as if they were in the line
of a bank. Subjects knew their position in the line. It was known that the the computer was programmed
to withdraw always, regardless of the position in the sequence. The subjects were allowed to decide between
waiting or withdrawing in each round. Before making this decision, depositors possibly observed previous
decisions and they knew whether they would be observed by subsequent depositors. In the experiment, we

considered different information structures in each round.®

4Instructions are in Appendix A.
5We use Spanish pesetas as experimental currency. The reason for this design choice is twofold. First, it mitigates integer

problems, compared with other currencies (USD or euros, for example). On the other hand, although Spanish pesetas are no
longer in use, Spanish people still use pesetas to express monetary values in their everyday life. In this respect, by using a
"real" currency we avoid the problem of framing the incentive structure of the experiment using a scale (e.g., "experimental

currency") with no cognitive content.
6Subjects faced a different problem in each round. In the experiment we considered all informational setups that may arise

with three depositors, so we also had structures with partial information. For instance, depositor 3 may know what depositor
2 has done but she may have no information about depositor 1’s decision. Results for the partial environments are similar
to those discussed and are presented in Appendix B. An interesting question is whether subjects faced each round as a "new
game" or they learnt how to play. The Chow test reveals that subjects did not behave differently in the second half (rounds 8

to 15) of the experiment.



To describe depositors’ payoffs, let y* € {0,1} for i = 1,2,3 denote the decision of depositor in position
i, where 0 denotes keeping the money in the bank and 1 indicates withdrawal. We denote as ¢! depositor i’s
payoff upon withdrawal and ¢, the payoff if she waits. If a depositor decides to withdraw, she receives her

payoff immediately. Payoff upon withdrawal is ¢} = 50 for i € {1, 2}, and for i = 3 it is
c1 = 50 if Zj;ﬁgyj <2
c11 =20 if Z#Syj =2

In words, if depositor 1 or 2 withdraws, she receives ¢; = 50. This amount corresponds to the depositor’s

=W

initial endowment (e = 40) plus an interest rate of 10 MU. If depositor 3 withdraws, she receives ¢ = 50 if
she is the first or second withdrawing depositor. If depositor 3 withdraws after two withdrawals, then she
gets the remaining funds in the bank (c¢;; = 3e — 2¢; = 20) which is less than her initial endowment.

If a depositor chooses to keep the money in the bank, she has to wait until everybody has decided. If
both subjects wait, then each of them receives 70 MU. Deposit insurance becomes effective if there is only
one depositor who decides to wait. We study three levels of insurance. In the case of no insurance (NI) the
depositor lacks any protection and receives the residual funds the bank has after two withdrawals (20 MU).
We ran two sessions with this treatment. In the case of partial insurance (PI) the only depositor who decides
to keep her funds deposited receives a higher payoff (30 MU), but this payoff is still smaller than her initial
endowment. We ran two sessions with this treatment as well. Full insurance (FI) means that a depositor
who chooses to wait cannot lose money, so any depositor who waits receives 40 MU. Four sessions were run

with this treatment.” Payoffs for any subject i € {1,2,3} who decides to wait are:

coo = 70 if Zj#yj =1
i = CON11:2OifZ#iyJ::2 7
bl =30if 3o, 07 =2
chi =40if 3o, 07 =2
where the first symbol (0) in the subscript shows that depositor i waits, while the second symbol denotes
the other subject’s decision. Superscripts stand for the treatment.

Payoffs resemble the ex ante optimal contract in Diamond and Dybvig (1983) and allow for coordination

problems, satisfying the following relations:
coo > €1 > e >y > e,

where S € {NI,PI,FI}. A key element is that when depositors decide, they know their position but

they may not be sure of the payoff they will receive. For instance, imagine a subject in position 2 who

“In the experiment we did not use the word "deposit insurance". See the Instructions in Appendix A for further details.



observes a withdrawal. She does not observe whether the withdrawal was due to the other subject or the
computer. In the first case, the maximum payoff she may receive is 50 whereas in the latter case she may
obtain 70 depending on the decision of depositor 3. Similarly, if depositor 3 in the simultaneous setup decides
to withdraw, she does not know whether she will receive ¢; = 50 or c¢1; = 20.

We define a bank run as a situation in which at least one subject (other than the computer) withdraws.
This is the broadest definition, according to which a withdrawal due to a subject already constitutes a bank
run. Hereafter, we study how deposit insurance and observability affect the likelihood of bank runs. In
the simultaneous setup, subjects knew their position but were not aware of predecessor’s actions. In the
sequential setup subjects knew the decisions of their predecessors and that their decision would be observed

by subsequent subjects.

4 Experimental Evidence

In this section we analyze the data gathered during the experimental sessions. The main results and insights
are summarized in Table 1. In this table, we report the relative frequency of bank runs in each treatment. We
present the data for both the simultaneous and the sequential setup separately. The number of observations

appears in brackets.

Table@.Relativefirequency@fank@unsin@ach@reatment

Treatment
NofnsuranceNI) Partial@nsurance({PI) Full@nsuranceFI)
Simultaneous 0.841 0.483 0.225
(120) (120) (240)
Sequential 0.657 0.214 0.257
(70) (70) (140)

Thefumber@f@bservations@ppearsBvithinbrackets.dnEotal,Bvefhave @ 60Bbservations,Bach@orresponding@o@Mank
withR2BxperimentalBubjectsfi.e.,®bservations@orrespond@ioAEotal®fA 520@ecisions)

We observe that different levels of deposit insurance affect the likelihood of bank runs in a different
way. Table 1 shows that deposit insurance reduces the relative frequency of bank runs, as this frequency is
higher when there is no insurance both in the simultaneous and the sequential setup. Other insight is that
observability has a crucial effect, since bank runs are less likely in the sequential setup except for the case of
full insurance. In fact, the third important finding is that the effect of observability and deposit insurance
are not independent. Although full and partial insurance affect differently the likelihood of bank runs in the

simultaneous setup, it does not seem to be the case in the sequential one. More precisely, we see that the
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relative frequency of bank runs in the simultaneous setup decreases, as the level of insurance increases. It
does not happen in the sequential case, in which increasing the level of insurance from partial to full does
not help to reduce the relative frequency of bank runs.®

In order to clarify the effects of deposit insurance and observability, we estimate a logit model in which
the dependent variable is the probability of bank run. The dummy variables PI and FI, take the value 1
when there exists partial and full insurance respectively, being 0 otherwise. We define SEQ as a dummy

variable that takes the value 1 if the setup is sequential, and it is 0 if it is simultaneous. We propose the

following specification:
Pr(Bank Run) = F(Ozo +aprPI + apFI + OéSEQSEQ + ap[SEQPISEQ + OZF]SEQFISEQ) (1)

where F (z) = ¢*/(1 + ¢*) and the variables PISEQ and FISEQ capture the interaction effects. We run
equation (1) over a total of 760 observations, which correspond to 760 banks, each of them with 2 subjects
and the computer. We report the marginal effects of the different explanatory variables in the column (1) of

Table 2. In column (2), the marginal effects of partial and full insurance in the sequential setup are reported.

Table®2.Aogit@nodel@orZhefikelihooddffank@unsin@achBetup

Likelihood@fBank@®Run
(1)Bimultaneous (2)Bequential
Marginal®ffect Std.®Error Marginal®ffect Std.Error

Partial@nsurancefPI) @.355%** 0.052 [@.345%** 0.053
FullfinsurancefFI) @.606*** 0.046 @.365%** 0.063
Sequentiality ISEQ) @.234** 0.077

PIRBEQ @.050 0.114

FIRBEQ 0.290%** 0.099 .

LogHLikelihood @24.67886 M61.181
Pseudo®2 0.1735 0.1078
Number@fbservations 760 280

Welhave@Z 60@bservations&vhich@orrespondiod520@ecisions.d he@econd@olumnivith280@bservationsEepresents(theaselivhenvedonditionhelegression@nithe
sequential@etup.d hefharginal Bffects@eported i@ able®Are®ignificantly @ifferentfromBero@Et#H**1%,H*5%Br#10% Bignificancefevel.

The baseline scenario is the simultaneous setup, when there is neither deposit insurance nor information
about other depositors’ decisions. In column (1), first we look at the effects that deposit insurance and
observability have separately. We observe that when the partial insurance is implemented in the simultaneous
setup, the likelihood of bank runs decreases by roughly 35%; whereas the full deposit insurance reduces this

likelihood by approximately 60%. We also see that observability reduces the likelihood of bank runs, since

8The test of proportion rejects the hypothesis that PI and FI has the same effect in the simultaneous setup (z = 4.985,

p — value = 0.000), but this hypothesis cannot be rejected when decisions are sequential (z = 0.685, p — value = 0.493).
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the marginal effect of SEQ is 23%. The fact that all these probabilities are significantly different from zero
implies that deposit insurance and observability decrease the likelihood of bank runs. If we test the null
hypothesis that deposit insurance and sequentiality have the same effect on reducing the likelihood of bank
runs, we reject that hypothesis at 5% significance level. (For the null hypothesis Hy : apr = aspg, we get
X3 = 5.32 and p — value = 0.0211. In the case of the null hypothesis Hy : ap; = aspg, we get x5 = 40.80
and p — value = 0.0000.) We also reject the null hypothesis that partial insurance and full insurance are
equally important so as to reduce the likelihood of bank runs (x? = 23.91 and p — value = 0.0000). These

findings are summarized as follows:

Result 1. Deposit insurance and observability significantly reduce the likelihood of bank runs. We reject the
hypothesis that these variables have the same effect. More specifically, we observe that full insurance

has the largest effect, followed by partial insurance and observability.

We also want to study the interplay between deposit insurance and observability. In column (1) we see
that PISEQ is not significantly different from zero. This indicates that partial insurance and observability
do not have any additional joint effect on reducing the likelihood of bank runs apart from the effect that these
variables have separately (i.e., the combined effect is the summation of both effects). As a result, we find
that if there exists partial insurance (observability), introducing observability (partial insurance) significantly
decreases the likelihood of bank runs (i.e., we reject both the hypothesis that Hy : agpg + aprseg = 0
because X% = 12.85 and p — value = 0.0003, and the hypothesis that Hy : apr + aprspg = 0, because
X3 = 25.65 and p — value = 0.0000). Finally, we also see in column (1) that the marginal effect of FISEQ
is positive and significantly different from zero. Therefore, the total effect of having full insurance and a
sequential setup is not just the sum of the individual effects. More precisely, full insurance has an additional
effect on reducing the likelihood of bank runs once observability is in place (we reject the hypothesis that
Hy : apr + arrsgg = 0, given that X3 = 29.65 and p — value = 0.0000). However, observability does not
have any impact on reducing the likelihood of bank runs if full insurance already exists (i.e., we cannot
reject the hypothesis that Ho : aspg + arrseg = 0 at any common significance level because x3 = 0.50 and

p — value = 0.4774). We summarize these findings as follows:

Result 2. Once depositors’ decisions are observable, both partial and full insurance have a significant addi-
tional decreasing effect on the likelihood of bank runs. If we add observability to partial insurance, the
likelihood of bank runs significantly decreases. Nevertheless, adding observability to full insurance does

not have a significant effect on the likelihood of bank runs.

The fact that observability is still important when depositors are partiallly insured but it ceases to be
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relevant when they are fully insured suggests a relationship between the optimal level of deposit insurance
and observability. In the column (2) of Table 2, we study the impact that both partial and full insurance
have on the likelihood of bank runs when depositors decide sequentially. We observe that both levels of
deposit insurance decrease this likelihood by roughly 35%. Statistical test confirms that no significant
difference is observed between the impact of partial and full insurance in this setup (i.e., in the regression
Pr(Bank Run|SEQ) = F(vy + vp; + Yrr), Wwhere F(z) = €*/(1 + €*), we fail to reject the null hypothesis

Hy :vp; =Yy, since x? = 0.46 and p — value = 0.4774). We summarize this result as follows:

Result 3. If depositors’ decisions are not observable, full insurance has a different effect than partial insur-

ance on decreasing the likelihood of bank runs. It is not the case when decisions are observable.

This result is important as it highlights that if financial intermediation is characterized by an information
structure that allows observability, then there is no need to provide high level of deposit insurance. The
effect of a properly chosen partial insurance cannot be enhanced by full insurance. It has two important
consequences. On the one hand, in an environment characterized by plentiful information it may be cheaper
to avoid bank runs. On the other hand, these experimental results suggest that the goal of minimizing the
likelihood of bank runs without increasing unnecessarily the moral hazard caused by the existence of deposit

insurance can be achieved, at least when depositors are able to observe each other.

5 Conclusion

We have studied the effects of deposit insurance and observability on the emergence of bank runs by the
way of a controlled laboratory experiment. Our experimental results show that when depositors’ decisions
are simultaneous, full and partial insurance significantly decrease the likelihood of bank runs, both levels
of deposit insurance having a different effect. However, when depositors’ decisions are observable, we do
not find any significant difference between the effect of full and partial insurance. These results may have
important implications for setting the optimal level of deposit insurance, which should depend upon the
information that depositors have about other depositors’ decisions. Although our paper does not belong to
the empirical literature on deposit insurance, we contribute to this literature by suggesting that any optimal
deposit insurance scheme should rely upon the information structure. In particular, our data suggest that
there is no need to provide full insurance to depositors when the degree of observability is high, so that it
seems that in such an environment preventing bank runs is less costly and minimizing the likelihood of bank

runs and keeping down the the moral hazard implied by deposit insurance are not mutually excluding aims.
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Appendix A: Instructions

Welcome to the experiment! '°

This is an experiment to study decision making, so we are not interested in your particular choices but in
individuals’ average behavior. Therefore, during the experiment you’ll be treated anonymously. Neither the
experimenters nor the people in this room will ever know your particular choices.

Next, you will find the instructions on the computer screen explaining how the experiment unfolds. The
instructions are the same for all subjects in the laboratory and will be read aloud by the experimenters. It is
important for you to understand the experiment before starting, as the money that you will earn will depend

on your choices. You also have a copy of the instructions on your table.

Number of rounds

This experiment has 18 rounds in total. The first 3 rounds are for you to become familiar with the software.
The remaining 15 rounds will be used to determine your final payoff, so please be sure that you understand

the experiment before starting the 4th round. This will help you to earn more money.

What is this experiment about?

At the beginning of each round, you will be provided a certain amount of money (40 pesetas) to be deposited
in a bank. The same will be done with two other depositors. The bank in which you will invest your money
will be formed by 3 depositors: one of them is you, the other one is someone else in this room and the third
depositor is simulated by the computer. Therefore, the bank in which you deposit your money will have 120

pesetas per round in total.

Choice and earnings

In principle, your decision is to choose whether to withdraw your money from the common bank in the first
period or to wait until the second period, taking into account that your earnings will depend not only on
your choice but also on other depositors’ choices. Indeed, it is important to know that the computer will
always withdraw her money and, thus that your earnings in each round will only depend on your choice and
the choice of the other depositor in this room.

Specifically, if you both wait until the second period to withdraw your money, you will get 70 pesetas,

corresponding to your initial investment plus interests generated during the first period of time (in which

10Tnstructions are originally in Spanish.
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you have decided to wait).

If only one of you withdraws the money, then the one who withdraws takes 50 pesetas (exactly the same
amount that the computer will take in this case).

[Treatment NI] The depositor who waits will receive the remaining 20 pesetas. You can think that the
bank needs that you both wait to carry out a project, so if one of you withdraws, then the bank cannot
invest in the project and pays 20 pesetas to the depositor that has waited.

[Treatment PI] The depositor who waits will receive 30 pesetas. In this case, this depositor receives the
amount that remains in the bank after the first period -20 pesetas- plus an additional quantity of interest
(10 pesetas).

[Treatment FI] The depositor who waits will receive 40 pesetas. In this case, this depositor receives the
amount that remains in the bank after the first period -20 pesetas- plus an additional quantity of interest
(20 pesetas).

Finally, it might be the case that you both withdraw your money in the first period. As a result, your
earnings will depend on the available amount in the bank and your position in the line. Therefore, if you
are at Position 1 or Position 2 in the line and decide to withdraw, you will take 50 pesetas, but if you are
the last one in the line (Position 3), only 20 pesetas will remain in the bank and this is exactly the amount
of money that you will receive.

Therefore, your payoffs can be summarized in the following table:

[Notice that the value of c3; depends on the treatment, so we presented a different table in each treatment,

where il =20, ctl =30 and cff = 40]

If you wait then...
Number of previous| If vou withdraw If the other depositor in the room waits]  If the other depositor in the room
withdrawals y © and only the computer withdraws and the computer withdraw
0 50 70 o
1 50 70 Cgl
2 20 Not applicable 0'091

Please remember that the depositor simulated by the computer will always withdraw the money in the
first period.

Before starting, it may be important for you to consider that:

1. The person with whom you are linked will change every round. As a result, do not think that you are

going to play with the same person.
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2. You will always know your position in the line, but this position might change in each round. In
particular, you may be located at Position 1, Position 2 or Position 3 with the same probability. The same
is true for the computer.

3. In each round, you will have different information about what other depositors at your bank have
done. Therefore, in some cases, you will know what has happened before you arrived at the bank (number
of waitings and withdrawals) and in some other cases, you will not. At the time of making your choice, you
will also know whether someone else will observe your decision. It may be of your interest to consider this
information when making your decision. The information will appear at the left-hand side of the computer
screen:

E.g., You are at Position 1. Depositors at Position 2 and Position 3 will observe your choice.

E.g., You are at Position 2. Depositor at Position 1 has waited. Depositor at Position 8 will not observe
your choices

We are now going to start with the first three rounds. At the end of the three rounds, you can ask any
questions to make sure that you have understood the procedure. If you have any doubt afterwards, please
raise your hand and remain silent. You will be attended by the experimenters as soon as possible. Talking

is forbidden during this experiment.
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Appendix B

Here we report the effect of partial information on the likelihood of bank runs. Recall that we have three
depositors in the line of a common bank so that there are 8 possible information structures depending on
who observes whom. To model these structures we use networks.

A network (T) is the set of existing links among the depositors. Two depositors are neighbors if a link
connects them. A link is represented by a pair of numbers ij for i,5 € {1,2,3}, ¢ < j. For instance, 12
denotes that depositor 1 and depositor 2 are linked, therefore depositor 1 knows that depositor 2 will observe
her decision, and depositor 2 chooses after observing depositor 1’s decision. As detailed in the text, when
depositor ¢ has to decide she knows: (a) the decisions of neighbors who acted earlier, and (b) whether her
decision would be observed by neighbors deciding later. Depositor i also knows her position in the line but
the network structure is not commonly known (i.e., information is local, therefore no depositor knows if the
other two depositors are connected or not).

In our experiment, links were independent of types, so depositors of the same type were not more likely
to be linked nor was there any relationship between types and the number of links. Subjects were aware of
these features and knew that the information structure was exogenously given (i.e., it was not the depositor’s
choice to decide her position in the line or the number of links). Finally, it was commonly known that position
in the line, network structure, or both changed at each round.

We considered all the possible networks: (12,23,13), (12,23), (12, 13), (13,23), (12), (13), (23), (0), where
(0) stands for the empty network which has no links at all while the structure (12,23, 13) contains all the
possible links and is called the complete network. The empty network can be interpreted as a simultaneous-
move game where depositors have no information about other depositors’ decisions as in Diamond and
Dybvig (1983). On the other extreme, the complete network represents a sequential setup, meaning that
depositors observe predecessors’ decisions. In Section 4, we compared these information setups. Now, we
extend our analysis for the case of partial information.

In order to study how links affect the likelihood of bank runs, we define Lij as a dummy variable that
takes the value 1 if the link ¢j is present, being 0 otherwise. Using the notation in Section 4, we define PI
and FI as two dummy variables that take the value 1 in the case of partial and full insurance respectively,
being 0 otherwise. In addition, we define SEQ as a dummy variable that takes the value 1 when the setup

is sequential, being zero otherwise (i.e., SEQ = L12L13L23).'! We then propose the following specification:

11 Again, SEQ is used to denote the sequential setup. However, the variable is not defined as in Section 4. In Section 4, SEQ
took the value 1 (0) in the sequential (simultaneous) setup. Now, SEQ is 0 when there is partial information or no information

at all.
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Pr(Bank Run) = F(ao+ari2ll2+ ...+ ap12003L12023 4+ aspgSEQ +
+aprPI + aprr19oPIL12 + ....aprri1op23PIL121L23 + ap[SEQPISEQ +

—|—OéF[FI + OéF[ngFIL12 + ....aF1L12L23FIL12L23 + OéFISEQFISEQ)

where F (z) = €*/(1 + €*) and the composite dummy variables (e.g., L12L23, PIL12,...) are defined as
the product of other dummies to introduce flexibility in the model. In the following table, we report the

marginal effects and the standard errors. Then, we present our main findings.

Table®.AogitBnodel@or&helikelihood®fank@unsnEhe@ase®fBartial@nformation

Likelihood@fank@un
MarginalEffect Std.@Error MarginalEffect Std.@Error
L12 @.015 0.125 PIL13L23 M.314** 0.139
L13 0.029 0.133 PIL12L23 [.282** 0.146
L23 @.119 0.113 PISEQ 0.427** 0.217
L12L13 @.172 0.175 FI  m@.612*** 0.045
L13L23 0.274 0.210 FIL12 0.084 0.147
L12L23 0.083 0.192 FIL13 0.066 0.154
SEQ @.282 0.207 FIL23 0.088 0.144
Pl @.365*** 0.052 FIL12L13 M.016 0.227
PIL12 @.077 0.148 FIL13L23 ®.218 0.197
PIL13 @.027 0.160 FIL12L23 @.011 0.224
PIL23 0.181 0.148 FISEQ 0.316 0.287
PIL12L13 0.140 0.249
LogtLikelihood ®11.88934
Pseudo®2 0.1760

The@Bumber BfbanksBhat@Bvere@bserved@vas@440that@orrespondsBo@880fhdividual@ecisionsfInBachBession,A 2BanksEvith@woBubjectsBlaying@5@ounds.
Forthefull@nsurancelireatmentivefad@Bessions,tvhereas@ve@fun2EessionsforBach@fthe@ther Ereatments.) T helhar ginal Bffects Are@ignificantly @ifferent
fromEero@t#**1%,B*5%BrA10%&ignificancelevel.

Again, the benchmark is the simultaneous setup in which there is neither deposit insurance nor infor-
mation about other depositors’ decisions. As dicussed in Section 4, we see that (i) both partial and full
insurance significantly reduce the likelihood of bank run (by 37% and 61% respectively), and that (ii) full
insurance has more effect than partial insurance (i.e., we reject the hypothesis that Hy : apr = apy because
x? = 23.91 and p — value = 0.0000).

To see whether a given network is able to reduce the likelihood of bank runs, we have to consider the
sum of the coefficients of the links in the network and to test if it is significant. From the regression
presented in Table 3 follows that none but the complete network decreases the likelihood of bank runs.

(Ho : a1z + apiz + aras + apianis + @niares + arisces + aspg = 0 is rejected because x3 = 8.26 and
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p — value = 0.004, while there is no other network where such hypothesis is rejected.)

We reject the hypothesis that observability (i.e., the complete network) does not have a significant effect
on reducing the likelihood of bank runs under partial insurance (Hyp : aprri2+aprris+aprres+aprnianis+
aprri2r23 + aprriznes + aprspg = 0; X% = 0.18 and p — value = 0.667). However, we do not reject the
hypothesis under full insurance (Ho : arrri2 + arrris + Qrrres + arrrieris + @rrrizres + @rrnises +
arrseg = 0; x3 = 7.64 and p — value = 0.006).

We define 8p; gpg = apr+ aprriz + @prris + aprres + aprrizois + aprrizres + @prriznes + AprseQ
and Bpr spg = aFr+QFrL12 +QFrL13 + QFIL23 + QFIL12013 + QFIL12023 + QFTL13123 T QF1sEQ- The former
(latter) considers the marginal effect that the complete network and partial (full) insurance have with respect
to the benchmark case. We cannot reject the hypothesis that Ho : Bp; spg = Brr,spq because X3 =0.46
and p — value = 0.495. Thus, full and partial insurance have a similar effect under the complete network.

If we study the difference between partial and full insurance in any given network, we find no differences
at the 5% significance level, except in the case of the empty network (the simultaneous case) and the
network that contains only the link {£23}.!2 This result shows that a higher level of deposit insurance is
more effective when depositors do not have information about their predecessors, specifically when the first

depositor’s decision is not observed.

121n order to test if partial and full insurance have a similar effect in a given network, we have to test if the marginal effect
they add is similar. For instance, to test if both are similar in the network {12,23} we have to test Ho : apr + aprriz +
aprres +aprrieres = apr +aprpis + @prres +aprrisres. In this case, the hypothesis is not rejected, with X% = 1.09 and
p — value = 0.298. For the network {23} the hypothesis Ho : apr + aprras = apr + aprras is rejected with X% = 11.59 and

p — value = 0.000. Tests for the rest of networks are available upon request.
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