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Abstract

We develop a structural empirical model of the U.S. banking sector. Insured depositors and run-prone
uninsured depositors choose between differentiated banks. Banks compete for deposits and endogenously
default. The estimated demand for uninsured deposits declines with banks’ financial distress, which is not
the case for insured deposits. We calibrate the supply side of the model. The calibrated model possesses
multiple equilibria with bank-run features, suggesting that banks can be very fragile. We use our model
to analyze proposed bank regulations. For example, our results suggest that a capital requirement below

18% can lead to significant instability in the banking system.
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1 Introduction

The recent financial crisis has brought renewed attention to the stability of the banking sector. An extensive
theoretical literature allows us to understand the mechanisms underlying banking (in)stability (Diamond and
Dybvig 1983, Goldstein and Pauzner 2005).! These models have also provided a rich environment to study
the qualitative consequences of policy interventions. These qualitative models, however, were not designed
to address quantitative questions. For example, Diamond-Dybvig (1983) style models imply that equilibria
in which banks are unstable might exist, but do not tell us how bad these equilibria would be given the
fundamentals of the U.S. banking sector. We fill this gap by developing a quantitative model of the U.S.
banking sector. As in Diamond and Dybvig (1983) and Goldstein and Pauzner (2005), uninsured depositors
are run prone and are the main source of instability in the banking sector. Differentiated banks compete
for uninsured and insured depositors, and endogenously default. We estimate and calibrate the model on a
new data set covering the largest U.S. banks over the period 2002-2013. We find that the uninsured deposit
elasticity to bank default is large enough to introduce the possibility of alternative equilibria in which banks
are substantially more likely to default. We study how competition for deposits among banks affects the
feedback between bank distress and deposits, and transmits shocks from one bank to the system. Last,
we use our model to analyze the proposed bank regulatory changes and find that some regulations could
exacerbate the instability of the system. Our results suggest that the capital requirements below 18% allow
for equilibria with substantial probabilities of bank default and large welfare losses.?

Deposits represent over three-quarters of funding of U.S. commercial banks (Hanson et al. 2015). More-
over, in the largest commercial banks, approximately half of deposits are uninsured. Uninsured deposits are
frequently impaired in cases of bank default,® and are therefore potentially prone to runs. Figure 1 suggests
that financial distress of banks affects their ability to attract uninsured deposits. We plot the relationship
between the uninsured-deposit market shares and financial distress for Citi Bank and JPMorgan Chase from
2005 through 2010. As distress* of Citi Bank increases relative to JPMorgan, Citi’s market share of unin-
sured deposits decreases and JPMorgan’s market share increases (Panel A). Note that the market shares of
insured deposits, which should be insensitive to distress, show no such relationship (Panel B). The existing
literature suggests that uninsured deposits can lead to bank instability and be subject to self-reinforcing

runs. (Diamond and Dybvig 1983, Goldstein and Pauzner 2005). Such feedback mechanisms can even result

1See also, Postlewaite and Vives (1987); Cooper and Ross (1998); Peck and Shell (2003); Allen and Gale (2004); Rochet and
Vives (2004); Fahri, Golosov, and Tsyvinski (2009); Gertler and Kiyotaki (2015); and Kashyap, Tsomocos, and Vardoulakis
(2014).

2The Financial Stability Board, a group of international regulators, has proposed total loss-absorbing capacity of large banks,
which is the equivalent of our capital requirements, of 16 — 20% of assets.

3The FDIC reports that only approximately 25% of transactions transfer all deposits, including the uninsured, to a new
institution. (https://www.fdic.gov/bank/individual/failed/wamu_q-and_a.html [Accessed on 12/28/2014]

4We measure distress using Credit Default Swap Spreads (CDS)



in multiple equilibria.

FIGURE 1: DEPOSIT RATES vS FINANCIAL DISTRESS - C1TI BANK AND JPMORGAN CHASE
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Whether such feedback mechanisms can lead to multiple equilibria depends on the sensitivity of uninsured
depositors to bank distress, on which there is little systematic evidence. In principle, uninsured depositors
should be very sensitive to potential bank default. In Diamond and Dybvig (1983), as soon as depositors
think their deposits could be impaired, they withdraw, thereby triggering bank default. Alternatively, the
Basel Committee on Banking Supervision (2013) considers uninsured deposits as the second most stable
source of funding after insured depositors. If uninsured deposits are not very responsive to bank distress,
because this bank provides payroll services or manages receivables for the depositor, then the danger of a
panic run would be diminished. Even if the estimates were available, the literature provides little guidance on
whether the elasticity is large enough to result in self-reinforcing runs or multiple equilibria.® The strength
of the feedback between deposits and financial distress also depends on how costly deposit withdrawals are
for a bank, and how a bank responds to a raised probability of withdrawals (for example, by raising interest
rates). To quantify these forces, we develop a model of retail banking, which we calibrate using data for
large U.S. banks.

Demand for deposits in our model is driven by several forces. First, as is standard in bank run models, the
demand for uninsured deposits depends on the financial health of the bank, because these deposits may be
impaired in case of bank default. Casual observation suggests that U.S. commercial banks are differentiated.
For example, Citi offers a somewhat larger ATM network than Fifth Third Bank and has had substantially
fewer complaints against it filed by customers at the Consumer Financial Protection Bureau on a per customer
basis. Large and persistent differences in banks’ market shares suggest that product differentiation plays
an important role in U.S. commercial banking. We therefore depart from the current literature by adding
product differentiation between banks. The properties of the demand function, especially the elasticity of

uninsured-deposit demand with respect to financial distress, provide substantial discipline on the magnitude

5 A notable exception is Hortagsu et al. (2011) who evaluate the possibility of runs in the auto industry, and find that despite
feedback effects, the elasticity is too small.



of self-fulfilling runs that the model can generate.

The second force, which determines the strength of the feedback, is the behavior of banks. Banks compete
for insured and uninsured deposits by setting interest rates in a standard Bertrand-Nash differentiated
products setting (Matutes and Vives 1996). Banks earn stochastic returns on deposits net of other operational
costs. We model banks’ endogenous default decisions in a simple framework based on Leland (1994). Each
period, equity holders decide whether to continue operations by repaying deposits and the long-term debt
coupon. Alternatively, banks can declare bankruptcy, which is anticipated by rational depositors. Because
consumers are sensitive to financial distress, a bank in financial distress has to offer higher interest rates on
its deposits, which decreases its profitability. We take this model to the data by first estimating demand for
deposits and then calibrating the supply side of the model.

We estimate demand using variation in banks’ financial distress, interest rates on deposits, and bank
market shares using a standard model of demand (Berry 1994; Berry, Levinsohn, and Pakes 1995). To
illustrate the effect of financial distress on demand for uninsured deposits, we first estimate a triple-difference
specification with bank and time fixed effects. We find that as a bank’s financial distress increases, the market
share of its uninsured deposits declines relative to its share of insured deposits, suggesting that demand for
uninsured deposits declines with a bank’s financial distress. We provide complementary evidence exploiting
variation in banks’ financial distress resulting from changes in banks’ portfolio holdings and performance, and
find similar results. Contrary to uninsured deposits, we find no evidence that insured deposits are sensitive to
banks’ financial distress. Jointly, several sources of variation paint the same picture that uninsured depositors
are run prone: as a bank’s default probability increases, the demand for uninsured deposits decreases. The
effect is substantial: a 100 basis point increase in the risk-neutral probability of bankruptcy results in a 12%
market share decline.

To obtain supply-side parameters, which govern banks’ behavior, we calibrate the model using revealed
preferences of banks. Banks optimally set interest rates on insured and uninsured deposits, and choose when
to default. With the addition of demand estimates, banks’ optimality conditions allow us to calibrate the
quantities we do not observe, the mean and variance of returns on deposits for each bank, as well as the
additional non-interest costs of servicing insured deposits that reconcile the behavior of banks with observed
quantities. We solve for the parameters in closed form and show that the parameters are exactly and uniquely
identified. For any observed equilibrium of the game, there is a unique set of parameters that rationalizes the
data. Even though the baseline model is fairly simple and sparse, the calibration yields reasonable results
on quantities, which were not used to calibrate the model. For example, the implied bank profitability is
approximately 2.3% to 3.75%, which is similar to balance sheet measures of profitability in Hanson et al.

(2015) and Hirtle et al. (2015) of 2%-2.5%.



At the estimated parameter values, our model has multiple equilibria across which banks’ survival prob-
abilities and interest rates differ significantly. For example, Wachovia’s market-implied, risk-neutral proba-
bility of default as of March 2008 was 3.3%. Our model indicates an additional equilibrium exists in which
Wachovia’s risk-neutral default probability is 52%. The multiple equilibria results can be interpreted as
follows. Consumers rationally believed that there was a 3.3% chance that Wachovia would default in March
2008. However, the same fundamentals supported an equilibrium in which Wachovia would default with a
risk-neutral probability of 52% in March 2008. In this equilibrium, depositors would correctly believe that
Wachovia was more likely to default and would withdraw their deposits, which would in turn lower the prof-
itability of Wachovia and increase its probability of default. Our estimates suggest that if the equilibrium
changes, then seemingly stable banks can quickly become unstable with no change in their fundamentals.

Several broad facts emerge from our analysis of multiple equilibria. First, the banking system was in the
best equilibrium for much of the period we study and close to the best in the rest of it. Second, substantially
worse equilibria with large welfare losses, in which each bank has a higher default probability and some banks
are highly unstable, also exist. This instability of one bank can spill over to other banks even without direct
linkages between banks. A bank with a high probability of default is willing to offer high insured deposit
rates, because FDIC insurance bears their cost with a high probability. To compete for these deposits, other
banks increase rates as well, which decreases their margins and increases their distress. This argument was
used by the FDIC when it successfully pressured Ally Bank to lower its deposit rates in 2009 (Leiber 2009).

Last, in all equilibria, several banks remain active, and provide depositor services to a large part of
the market. Depositors value banking services, and as more banks are distressed, the demand for deposits
shifts to relatively healthier banks. These results suggest that a mechanism that could destabilize the whole
banking system would have to involve direct linkages across banks, which would overcome the force for
stability we describe above.

Overall, we provide a workhorse model that allows us to evaluate the stability of the banking system in
the presence of run-prone uninsured deposits. We use the model to show that the large amounts of uninsured
deposits in the U.S. commercial banking system can lead to severely unstable banks, given the elasticity of
uninsured deposits to financial distress. We then use our calibrated model to assess some recent and proposed
bank regulatory changes. We analyze the effect of interest caps on insured deposits,® and find that they
limit the worst possible losses to the FDIC. We also find that increasing FDIC insurance mostly transfers
rents to newly insured depositors without large improvements to banking stability, but that the results of

this seemingly simple policy critically depend on the preferences of newly insured depositors. Conversely,

6Such caps had been put in place under Regulation Q, which allowed the Federal Reserve to set interest rate ceilings on
banking deposits.



we find evidence suggesting that imposing bank risk limits may be counterproductive and could actually
decrease stability in the banking sector.

We use our model to quantitatively study the effect of capital requirements. Increasing capital require-
ments decreases the severity of the largest possible instability in the banking sector, but also eliminates some
equilibria in which the banking system is very stable. We find that banking stability and welfare do not
necessarily go hand in hand. Increasing capital requirements past a certain point decreases welfare even if
it increases banking stability. Last, we show that capital requirements above 18% eliminate the possibility
of equilibria with large welfare losses.

To allow for a rich and more realistic analysis of policy, we explore several extensions of the model.
Because our analysis focuses on large U.S. banks, we allow the government to save banks from bankruptcy
through recapitalization, capturing some features of too-big-to-fail policies. We also incorporate costly equity
issuance and bankruptcy costs. These extensions have little impact on parameter estimates. Perhaps more
surprisingly, while these extensions significantly alter the welfare cost of default, the basic consequences of
capital requirements remain largely unchanged. Similar to the baseline model, capital requirements above
18% eliminate the possibility of equilibria with large welfare losses. Under a max-min welfare criterion,”
these capital requirements are optimal, exceed the 8% requirements proposed under Basel III accords, and
are quite close to the 16 — 20% total loss-absorbing capacity proposed by the Financial Stability Board.

Our policy conclusions are clearly limited to the specific setting we examine. One can consider situations
in which depositors, even if they are insured, are sensitive to default. For example, if there are delays in
accessing payouts from deposit insurance, such as in India, then insured depositors suffer in bank default
even if they eventually recover their deposits (Iyer and Puri 2012). Alternatively, if depositors believe that
the banking system is likely subject to capital controls or haircuts if banks are close to defaulting, as has been
recently the case in Greece and Cyprus, they may want to withdraw insured deposits prior to bankruptcy
as well.

Our empirical and theoretical analysis relates to several strands in the banking and industrial organization
literature. Our banking model builds on the automaker model from Hortagsu et al. (2011). Our model is also
in the spirit of the existing literature on bank runs, financial stability, and financial regulation, including the
seminal work of Diamond and Dybvig (1983), and more recently Postlewaite and Vives (1987); Cooper and
Ross (1998); Peck and Shell (2003); Allen and Gale (2004); Rochet and Vives (2004); Goldstein and Pauzner
(2005); Fahri, Golosov, and Tsyvinski (2009); Gertler and Kiyotaki (2015); and Kashyap, Tsomocos, and

Vardoulakis (2014).8 Similar to Matutes and Vives (1996), our model emphasizes the strategic interaction

7 An uncertainty averse planer would choose such a criterion (Gilboa and Schmeidler, 1989).
8For purely information based models of bank runs, see Chari and Jagannathan (1988), Jacklin and Bhattacharya (1988),
Allen and Gale (1998), and Uhlig (2010).



among banks through competition.’

Our paper follows the precedent of recent papers that estimate structural models of imperfect competition
in the banking sector. Our BLP-style demand model is closely related to the work of Dick (2008), who
estimates demand for deposits using FDIC data. Unfortunately, the FDIC branch-level data does not break
deposits down by insured vs. uninsured categories, hence we cannot utilize this level of disaggregation
in our estimation exercise. Our supply-side model focuses on the deposit rate-setting and (endogenous)
bankruptcy decisions of banks. Aguirregabiria, Clark, and Wang (2013) estimate a model in which the
branch networks of banks are determined endogenously, and use their model to estimate banks’ revealed
preference for geographical risk diversification. Corbae and D’Erasmo (2013) and (2014) provide dynamic
equilibrium models of the banking sector with imperfect competition, and use their models to evaluate the
counterfactual effects of banking regulations, such as capital requirements. Our model and empirical analysis
focuses on (imperfect) competition in the market for deposits, with special attention to insured vs. uninsured
deposits, and pays particular attention to the presence of multiple equilibria and the possibility of bank runs
or run-type equilibria.

The empirical results of our paper correspond to the existing literature on empirical bank runs and
deposit insurance (for an overview, see Goldstein 2013). Iyer and Puri (2012) use unique event study data to
examine how depositors responded to financial distress and a subsequent bank run for a large Indian bank.
Kelly and O Grada (2000) and O Gréda and White (2003) examine depositor runs using depositor-level
data in a New York bank during 19*" century banking panics. Our paper also relates to Gorton (1988), who
examines the relationship between economic fundamentals and banking crises between 1863 and 1914, and
Calomiris and Mason (2003), who study the role bank fundamentals played in bank runs occurring during
the Great Depression. The empirical findings from our demand estimates closely relate to the findings from
Schumacher (2000) and Martinez Peria and Schmukler (2001), who examine how depositors respond to bank
financial distress during the banking crises that occurred in Argentina, Chile, and Mexico during the 1980s
and 1990s. Lastly, our empirical results relate to Hortagsu et. al (2013), who measure the cost of financial
distress in the automaker industry.

Our paper is also broadly linked to the literature which studies runs in other financial markets, such
as money market funds and the asset-backed commercial paper market (Jank and Wedow 2010; Acharya,
Schnabl, and Suarez 2013; Covitz, Liang, and Suarez 2013; Kacperczyk and Schnabl 2013; Strahan and
Tanyeri 2015; Schroth, Suarez, and Taylor 2014; and Schmidt, Timmermann, and Wermers 2014). The

9There exists a long literature on the connection between competition and stability in the banking sector such as Keeley
(1990), Hellman et al. (2000), and Boyd and De Nicolo (2005). In general, the results are mixed as to whether competition
leads to increased or decreased stability in the banking sector. We analyze a different mechanism. We analyze how the change
in the financial stability of one bank impacts the stability of its competitors through the deposit competition channel.



run-prone behavior of uninsured depositors is similar to strategic complementarities in withdrawal behavior
of mutual fund investors in Chen, Goldstein, and Jiang (2010).

The remainder of the paper is laid out as follows. Section 2 develops our theoretical model of the banking
sector. Section 3 describes the data used to estimate the deposit demand system and calibrate our theoretical
model. Section 4 estimates the demand system for both insured and uninsured deposits. Section 5 calibrates
the banking side of the model. Section 6 studies the structure of multiple equilibria in the banking sector.
Section 7 assesses the stability of the banking sector and evaluates several proposed bank regulations. Section
8, extends the model to incorporate several other features of the banking sector, including “Too Big To Fail,”

bankruptcy costs, costly external finance, and run-prone insured depositors. Last, Section 9 concludes the

paper.

2 Model

In this section, we present the baseline quantitative model. We emphasize two main features of depositors’
preferences. The first are potentially run-prone, uninsured depositors who are the source of banking instabil-
ity: their demand for deposits depends on the financial health of the bank. Second, depositors derive utility
from services provided by differentiated banks. The latter feature captures persistent and large differences in
banks’ market share of deposits identified in Section 3. The last feature we build into the model is endoge-
nous bankruptcy of banks. If returns are low, and fall short of required payments, equity holders can choose
whether they want to fund the shortfall in the spirit of Leland (1994), or let the bank default. An alternative
institutional interpretation of default in the model is that equity holders are allowed to recapitalize the bank
at the end of each period. Regulators then inspect whether the bank can repay all deposits and the debt that
has come due. If not, the bank is taken into receivership. For example, investors led by the Texas Pacific
Group, a private equity firm, injected $7 billion into Washington Mutual after regulators warned that it was
inadequately capitalized. They chose not to recapitalize again five months later, allowing the bank to be
taken into FDIC receivership.!?

The basic model contains three features we require to quantitatively approach the U.S. banking sector:
run-prone depositors, bank differentiation, and endogenous default. On the other hand, we try to keep the
model stripped down enough to convey the intuition behind the forces driving the model, and its estimation.
We incorporate additional features of banking and default in Section 8 to allow for a richer and more realistic

analysis of policy.

10The Washington Mutual case is not an exception. While there is limited data on equity issuance of private banks, SNL
Financial data reports at least forty failed banks had obtained equity injections in the two years prior to failure, and 124 distinct
banks that had later failed had 689 capital offerings from 2008 to 2015.



We proceed by first setting up the model, describing depositors’ preferences, banks’ technology, and
funding. We then solve for deposit demand within a period, given interest rates set by banks and banks’
expected default rates. Last, we characterize the equilibrium deposit rates and default decisions of a bank,

given depositors’ rational expectations of default decisions.

2.1 Model Framework

The model is in discrete time. Every period, a mass of M consumers are choosing among K banks to deposit
insured deposits, and a mass of MY consumers are choosing among the same banks to deposit uninsured
deposits, taking interest rates and the probabilities of default as given. Banks are indexed by k£ and compete

for insured and uninsured deposits from consumers indexed by j. Within the period, the timing is as follows:
e Banks set interest rates for insured and uninsured deposits iiyt, and ZIICV .
e Consumers choose where to deposit funds;
e Banks invest deposits, and banks’ profit shock is realized;

e Banks choose whether to repay deposits and the coupon on long-term debt, or default.

The model is specified under the risk neutral measure.!!

2.1.1 Depositor Preferences

Demand for deposits at bank k at time t depends on the interest rate the bank offers, the services it provides
the depositor, and, for uninsured depositors, the probability that the bank will default. The uninsured
depositor is promised an interest rate ikN)t, from which she derives utility ¥ Z,JCV 4» in which a¥ measures
depositors’ sensitivity to interest rates. In the event of a bankruptcy, uninsured depositors lose utility flow
v > 0 with a risk-neutral probability py , suffering an expected utility loss of py ..

Depositors also derive utility from banking services: & + ¢, ,. Bank-specific fixed effects, d;, reflect
bank quality differences: all else equal, some banks offer better services than others. In addition, depositors’
preferences for banks also differ; some consumers prefer Bank of America, and others Wells Fargo, for
example, because of the proximity of ATMs to their home. These differences are captured in the i.i.d utility
shock 6;-\7[]67]&. The total indirect utility derived by an uninsured depositor j from bank k at time t is then as
follows:

N NN N, _N
Wit =0 Uy — Prty + 0 + €5k (1)

11 This does not imply that either depositors or shareholders are risk neutral. Instead, the risk-neutral probability is a
transformation, which adjusts the probability measure of events by giving greater weight to probability of events with higher
marginal utility, adjusting for risk aversion. Our model is specified under the risk-neutral measure because CDS spreads, which
we use to estimate our model, reflect risk-neutral default probability, rather then the objective probability of default.



The preferences of insured and uninsured depositors might differ. The indirect utility of insured depositors
closely mirrors that of uninsured depositors, but insured depositors do not lose utility in case of bankruptcy,

obtain potentially different banking services, and differ in interest rate sensitivity (indexed by I):

I I I, T
Wjgp = Qhyy + 0 + €1y (2)

In Section 8.5 we relax this assumption, and allow insured depositors to be sensitive to bankruptcy as
well. This modification will address the situation in which insured depositors succumb to panics, or they
correctly believe that their deposits will be impaired with bankruptcy because deposit insurance will be

violated, or capital controls will be imposed on the banking system.

2.1.2 Banks

Banks compete for depositors, each seeking to maximize equity value. A bank’s profit maximization problem
involves a three-part decision process: setting its insured deposit rate, setting its uninsured deposit rate, and
ultimately deciding to continue its operations or declare bankruptcy.

Banks earn profits by lending out deposits. Bank k earns a period ¢ return on deposits net of other (non-
interest) costs Ry +. These returns already account for all non-interest costs, such as costs of loan defaults, the
costs of screening loans, providing services to depositors, etc. These returns are stochastic, distributed under
the risk-neutral measure as Ry, ~ N (ug, 0%), and are i.i.d across time, but can be arbitrarily correlated
among banks.'> Note that these per-period returns can be negative if the bank invests in bad projects.
Because we index the process with k, some banks are, on average, better at using deposits than others, and
these differences are persistent. Differences arise because some banks invest these deposits better or because
they have lower costs of servicing loans and deposits.

Servicing insured depositors can be more expensive than the uninsured depositors, because of FDIC
deposit insurance premiums and other additional costs banks incur with insured, typically smaller accounts.
Banks therefore incur an additional cost of servicing insured depositors, ¢, relative to uninsured depositors.
A bank whose market share of insured deposits is s,Iw and whose market share of uninsured deposits is s,]c\f '
earns a gross return on deposits of MIs,IC’t (14 Riyr —cr) + MNS,]Xt (14 Ry4).

Banks’ profits are reduced by interest payments on deposits. They have to repay deposits, including the
interest rate, at a cost of Mlsi’t (1 + z£t> + Mstc\ft (1 + zivt) The total net period profit of a bank is
then:

T = M spy (Riy — e — i) + MV sy, (Req —iny) - (3)

12The correlation in returns introduces correlation in ex post bank default, but does not otherwise affect the ex ante proba-
bilities of default, which are the object of interest in our model.
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If 71+ is negative, the bank is suffering operating losses in a given period.

Banks use three different types of financing. They are financed through deposits, which have to be repaid
at the end of each period. Banks are also financed with a consol bond, which promises an infinite stream
of period coupons bg. The residual financiers of the firm are deep-pocket equity holders (Leland, 1994).
Each period, the bank disburses profits to their equity holders after paying depositors and the bond coupon.
Conversely, if there is a shortfall, Mlsiyt (Rk —cg — z£t> + MNskN’t (Rk — z{cvt) — br < 0, equity holders
can decide whether to inject enough funds to repay deposits and the bond coupon, or to default. In case of
default, equity holders are protected by limited liability.

In the baseline model, the injection of funds is frictionless, as is the disbursement of dividends to equity
holders. We relax this assumption in Section 8.2.2. An alternative institutional interpretation of default in
the model is that equity holders are allowed to recapitalize the bank at the end of each period. Regulators
then inspect whether the bank can repay all deposits and the debt that has come due. If not, the bank is
taken into receivership. Both interpretations are consistent with the setting of the model.

At bankruptcy, the bank is sold and the proceeds are used to repay the depositors and bondholders.
To focus on the interaction between deposit demand and the bank’s bankruptcy decision, we assume that
bankruptcy does not affect the bank’s productivity, and that the bank retains the same form of financing it
had before bankruptcy. This implies that unlike in Leland (1994) style models, there are no direct costs of

bankruptcy. In Section 8.2.1, we allow for direct bankruptcy costs.

2.2 Equilibrium

We study pure strategy Bayesian Nash equilibria. The equilibrium is characterized by the optimal behavior
of banks and depositors. Banks choose to default optimally given the ex post profitability of deposits.
Depositors are fully rational, anticipate the probability of default, and incorporate these beliefs when choosing
deposits. Banks choose optimal interest rates, given demand for deposits.

The equilibrium of this game is stationary. Bank returns shocks are i.i.d. and market parameters are
constant; in the event of bankruptcy, the bank is placed under new ownership with the same capital structure.
In the stationary equilibrium, banks compete with each other for deposits within periods, but not across
periods.’? Stationarity has two advantages. First, it allows us to focus on the feedback between deposit
decisions and banks’ bankruptcy, abstracting from the dynamics of interest rate setting across periods.
Second, stationarity greatly simplifies the analysis of default, allowing the problem to be tractable: a bank’s

decision to default ez post is independent of default decisions of other banks, even if ex ante banking decisions

13We abstract from switching costs for deposits.
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are linked. Hence, banks use the same interest rate-setting and bankruptcy decision policies from period to

period.

2.2.1 Demand for Deposits

Consumers choose among banks, taking the offered interest rates and beliefs of default probabilities as given.
To aggregate consumer preferences, we employ a standard assumption in discrete choice demand models
(Berry, Levinsohn, and Pakes 1995), that the utility shocks Eik’t and Ej»\,fkvt are distributed i.i.d. Type 1
Extreme Value, leading to standard logit market shares. Let iI_k7t, iljkyt, and p_k ¢ denote the vectors
of deposit rates offered by banks other than k& and their expected default probabilities. Let Si,t and sﬁ '
denote the share of consumers choosing to deposit insured and uninsured deposits with bank k. Given the

distribution of 5§ .pand €§V %4> consumers’ optimal choices result in the following demand function:

exp(afzé’t +61)
K ) )
Yo exp(onl[,t +67)

Si',t (ii,t, iI—k,t) =

eacp(aNi{CV — prY + 511<V)
K ) .
>y eap(@Nil — pry +61Y)

Because consumers have rational expectations, their expectations of default probabilities are correct in

(5)

N (;N :N
Skt (lk,ta Lk,taphup—k,t) =

equilibrium.

2.2.2 Bank’s Default Choice

Default is an endogenous choice of equity holders. The bank does not default simply because it runs out
of funds to repay depositors and bondholders following a bad profit realization. Even after a bad shock,
equity holders can inject funds into the bank to save it if the franchise value of a continuing bank is valuable
enough. The bank defaults when equity holders’ value of keeping the bank alive is smaller than the funds
they have to inject in the bank.

More formally, after the realization of the profit shock Ry, ;, the bank has to repay depositors and the bond
payment bg. If profits are lower than the required payment, the equity holders have to provide the funds to
make up the shortfall. The shortfall that equity holders have to finance comprises the net profits (or losses) of
the bank after repaying depositors and bond payments Mjsi’t (Rk,t —cp — z£t> —I—Mstxt (Rk,t - zfcvt) —by.

Because they are protected by limited liability, the equity holders can always decide not to finance the

shortfall, and let the bank default. If the bank defaults, the equity holders lose the bank franchise and,
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therefore, the claim to cash flows of the bank from the next period onward. Let E;'* denote the franchise
value of the bank. Equity holders choose to finance the shortfall as long as the franchise value next period

(evaluated today) exceeds the size of the shortfall they would have to finance:

. ‘ 1
M"spy (R — i —ify) + MV sy (R — igy) — b + e TEk > 0.

This expression implies a cut-off strategy for the firm. If the return the bank earns on deposits Ry falls
below some level Ry, the equity holders will not inject funds and the bank will default. Otherwise, the equity
holders will choose to repay the deposits and the debt coupon. Ry, is then implicitly defined as the level of
bank profitability at which equity is indifferent between defaulting and financing the bank:
_ . o 1
Mlséﬁt (Rk’t —cp — Zi’t) + MNS]k\ft (Rk - zgt) — b + mEk =0.

Note that Rj is unique for a given interest rate choice of bank k, consumer’s deposit choices, and the
continuation value of the bank to equity holders, Ex. On the other hand, these quantities are determined
in equilibrium by the expectation of the bank’s expected default rule, Rj. The optimal cut-off rule, Ry,
corresponds directly to the risk-neutral probability of default py; = ® (R%IZR) . Solving for the optimal

cut-off rule as in Hortagsu et al. (2011) we obtain!®:

R, —
1iT(MIs£7t+Mngt) <1 - o (kak’uk)>><

total deposits -
survival prob.

by — Mlsét (Rk —Ccp — ié,t) + MNSﬁt (Rk — Zﬁt) =

_ B —
< | (i — Ri) + o (k“k)

minsured dep T uninsured dep Ok
shortfall at threshold limited liability
expected return on deposits
(6)
where A(+) = % is the inverse Mills ratio.

The left-hand side of this expression is the amount of funds equity holders have to inject at the default
threshold. The right-hand side represents the future value of the bank in equilibrium, which depends on how
many deposits it can raise in equilibrium, the equilibrium survival probability, and the expected return on
deposits. The last term illustrates that a part of the value equity holders obtain from the bank arises from

the limited liability of equity, the ability to default in the future.

14Because of stationarity, we do not index by t.
15 As in Hortagsu et al. (2011), it can be shown that the continuation value of the bank to equity holders can be written as
Ep = (MTsl + MV sI)E[R — Ri|R > Ry]Pr(R > Ry)
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A critical result arising from the bankruptcy cut-off condition (eq. 6) is that the cut-off rule, and
consequently the probability of default, need not be unique. Since consumer utility for uninsured deposits
depends on bank survival and bank survival depends on consumer demand, the model generates potential
feedback loops. A key consequence of such feedback loops is that the perceived default risk can be self-
fulfilling: a decrease in demand for deposits raises the probability a bank defaults and vice versa. We

analyze the possibility of multiple equilibria arising from the bankruptcy condition in detail in Section 6.

2.2.3 Setting Deposit Rates

Banks compete for deposits by playing a differentiated product Bertrand-Nash interest rate setting game for
both types of deposits. Prior to the start of each period, banks set the deposit rate for insured and uninsured
deposits to maximize the expected return to equity holders. Because of limited liability, equity holders only
internalize the payoffs if the profit shock Ry, is above the optimal default boundary Ry.. The corresponding

equity value at the beginning of the period is

I.I -] I -
M'sy , (lk,tal—k,t) (Rk,t —Ck — Zk,t)
o0
— N.N (;N :N N
Ek - ma% / +M 8k7t (Zk7t71_k7t7pk,t7p7k,t> (Rk,t - Zk,t) dF(Rk?;t)'

¥ -
Yoot ¥kt Y Ry

—bg + =5 B

Applying the normal distribution of Ry, ;, we obtain:

ML (i) (et oh (B ) = e =il ) )
N s s _ . R—p
Bu= o | M (i) (o (B )~ | [1-0 (F52)].

Ykt Vk t o

—bg + 5 Bk

The choice of deposit rates can affect the value of equity through its influence on both current-period
operating profits and the bankruptcy boundary R in eq. (6). Because equity holders choose to default

optimally, we can apply the envelope theorem, which implies that we can ignore the effect that changing

The converse is not true; the probability of default (which is a direct function of Ry) directly influences
the rate setting through its effect on consumer demand for uninsured deposits, s’V (iét, iI_k7t,pk7t7p,k,t).
The probability of default also has an indirect effect on the the pricing decision for insured deposits rates.

The bank only pays the interest rate payments on deposits if it does not default, otherwise the cost is born by
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the uninsured depositors and, for insured depositors, the FDIC. Therefore, even though insured depositors
are not subject to default risk, the bank takes it into account when setting insured rates.

The corresponding first order condition, which characterizes the optimal rate for insured deposits iét, is:

1
((1 — sl (i,lcjt, iI_k’t)> ozl. @)

mark—up

R, —
Insured Deposits: J + oA (kllk> - (Ck + Z]Ic t) =
~— Ok ———

mean return me

limited liabillity

mb

This condition resembles oligopoly Bertrand-Nash pricing conditions.'® For insured deposits, the modifica-
tion arises in the marginal benefit of deposits, which includes the benefit of limited liability oA (@07;’“)
in addition to the expected net return uj earned on deposits. The marginal cost of the insured loan is the
interest payment on the loan, as well as the non-interest cost of the loan. The right-hand side is the standard
mark-up from a logit demand model.

Similarly, the optimal rate for uninsured deposits is characterized by:

1
((1 —sh (ii,w iI_k7t,Pk,tapfk,t>) alv

Note that the marginal benefit of insured and uninsured deposits is the same, because they are used to finance

R, —
Uninsured Deposits: pg + oA (kuk> — ié\{t = (8)

Ok

the same projects on the margin. The difference in pricing arises because of different marginal costs of insured
loans ¢y, different price elasticities of depositors reflected in afand o, and differences in bank’s attractive-
ness across deposits, reflected in equilibrium market shares s’ (i£7t,i1_k7t) and sV (z’i’t,il_k’t,pm,p,k’t).
Moreover, the demand for uninsured deposits depends on the endogenous probability of default. The opti-
mal deposit rate is increasing in a bank’s probability of default for both uninsured and insured deposits.'”
The mark-ups banks earn on deposits have important consequences for bank stability. First, a positive
mark-up on insured and uninsured deposits illustrates why losing deposits is costly to a bank. Because
banks are oligopolists, they earn positive rents and price deposits above marginal costs. A drop in deposits
therefore lowers the value of the bank. In fact, a marginal decrease in deposits for one period!'® lowers the

value of the bank by exactly the value of the mark-up.

16Note, the standard conditions in a Bertrand-Nash oligopoly, suggesting that a firm should never price on the inelastic
portion of the residual demand curve, do not apply in our model. We can rewrite the FOC for insured deposits as:

Ry, — ) 1
#k+0k>\(u>*ck:l£t 1+,
Ok ’ €t

where ei is the elasticity of demand for insured deposits. The marginal benefit of deposits exceeds the marginal cost as long as
the elasticity of demand is positive, ei >0

7This is roughly consistent with the empirical findings in Acharya and Mora (2015).

18Holding interest rates offered fixed.
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Second, the insured deposits pricing equation illustrates the comparative advantage of distressed banks
in supplying insured deposits. This comparative advantage incentivizes risky banks to increase insured
deposit rates. To see the intuition, note that the benefit of limited liability is increasing in the probability
of bankruptcy, i.e., oA (%}’“‘) is increasing in Rjy. As the default probability increases, insured deposits
become more profitable, because the probability that they will be repaid decreases (LHS of 7). Insured
depositors do not internalize this cost: the probability of bankruptcy does not enter the elasticity of demand
for insured deposits (RHS of 7). Holding other banks’ interest rates fixed, as distress increases, the bank
wants to increase its insured deposit rate to again equalize the marginal benefit and marginal cost of deposits,
increasing its market share at the expense of other banks. Thereby, risk shifting of the distressed bank
decreases the value of its competitors, potentially increasing their distress. For uninsured deposits, on the
other hand, this risk-shifting motive is dampened. While distress increases the marginal benefit of uninsured
deposits (LHS of 8), it also decreases deposit demand (RHS of 8), decreasing incentives of the bank to change

interest rates. Moreover, this decreased demand for uninsured deposits increases competitors market shares

and profitability, lowering distress.

2.2.4 Equilibrium

The pure strategy Bayesian Nash equilibria are characterized by 5K conditions'® that capture the optimal
behavior of banks and depositors. Demand for deposits is characterized by insured- and uninsured-depositor
choice of banks in the market share equation (4) and eq. (5) for each of the K banks. Depositors anticipate
the probability of default, and incorporate these beliefs when choosing deposits. Supply is characterized
by banks’ maximization: banks choose to default optimally given the ex post profitability of deposits, so
(6) holds for each of the K banks. Each bank also sets interest rates on insured and uninsured deposits to
maximize profits, so (7), and (8) hold for each of the K bank. Last, depositors have rational expectations,
so their beliefs are correct in equilibrium.

Formally, an equilibrium is a set of default probabilities, p1,...0x,:, and interest rates on insured and

uninsured deposits, i{’t, zﬁ{ . and if{t, z% ;» for all banks such that:

1. Given interest rates on insured deposits i{’“ zﬁ(t insured deposits’ market shares satisfy (4) for each

bank.

2. Given interest rates on uninsured deposits iy, ...i% ., and consumers’ beliefs about banks’ bankruptcy

probabilities pi t,...pk +, uninsured deposits’ market shares satisfy (5) for each bank.

9Recall that K is the number of banks in the industry.
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3. Interest rates on insured and uninsured deposits i{’t, z%t and if{t, Z%t satisfy (7), and (8) respec-

tively for each bank.
4. The optimal default condition is satisfied for each bank, (6) holds.

5. Consumers’ beliefs about banks’ bankruptcy probabilities are correct in equilibrium.

If there are are multiple equilibria, then there exist several vectors of interest rates and default probabilities,
which satisfy these 5K conditions. These equilibrium conditions form the basis for our estimation and
calibration when we take the model to the data. In Sections 6 we explore the structure of the equilibria of

the game for the estimated parameters.

2.3 Model Discussion

Despite its simple set-up, the model features substantial heterogeneity among banks, as well as rich strategic
interactions among depositors and banks, preventing analytical comparative statics. We numerically explore
the structure of the equilibria of the game in Section 6, and in Section 7 we evaluate the consequences of
different policies. In this section, we illustrate some of the economic forces that drive the model by focusing
on partial relationships between endogenous choices of depositors and banks. Specifically, we focus on the

source of panic runs in our model, and the role that competition plays in transmission of shocks across banks.

2.3.1 Panic, Fundamentals, and Bank Runs

One of the main features of our model is that uninsured depositor utility depends on bank survival, and bank
survival depends on demand for deposits. This interaction leads to potential multiple equilibria, in which
different levels of default are possible for the same fundamentals of banks in the industry. The mechanism
driving the self-fulfilling equilibria is closely related to panic-based runs explored in the literature (Diamond
and Dybvig 1983, Goldstein and Pauzner 2005). In these models, uninsured depositor withdrawals decrease
banks’ funds, increasing the likelihood of bank failure, providing uninsured depositors further incentives to
withdraw. A similar panic-run mechanism arises in our model: if some depositors choose not to deposit with
a bank, this decreases the value of the bank, making it more likely that equity holders will allow the bank
to slide into bankruptcy. This decreases other depositor’s incentives to invest with a bank. The primary
difference is that in Diamond and Dybvig (1983) and Goldstein and Pauzner (2005) the bank fails because
it does not have enough funds to repay deposits. In our model, equity holders have the opportunity to
recapitalize the bank, should a shortfall occur.

Panic runs in which strategic complementarities drive bank instability can broadly manifest in two ways.

In Diamond and Dybvig (1983) and related models, banking instability manifests in multiple equilibria, which
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are driven by differences in beliefs. If uninsured depositors believe that the bank will fail, they withdraw
deposits, increasing the probability of default. Frequently, these equilibria are degenerate—either the bank
fails for sure or it is completely stable. The selection of which equilibrium is played is not determined
within the model. Instead, non-fundamental sunspots coordinate the beliefs of depositors. In global games
models, such as Goldstein and Pauzner (2005), on the other hand, the equilibrium is unique and banking
instability arises because shocks to fundamentals are amplified by the strategic complementary (coordination
failure) between uninsured depositors. Instability, in our model, is to a large extent driven by multiplicity
of equilibria, but with several important differences from Diamond and Dybvig (1983) and related models.
First, in any given equilibrium, actual bank default is triggered by a realization of fundamentals, whether
the return on a bank’s investment Ry ; exceeds the default threshold Ri. Second, the equilibria are not
degenerate: equilibria are characterized by banks’ default probabilities, which are generally bounded away
from 0 and 1. Third, equilibria are not only driven by beliefs; fundamentals and policy pin down the range
of these equilibria.

The latter is the case because fundamentals directly affect the probability of bank failure. The literature
on banking crises distinguishes coordination failures, panics, from fundamental runs, in which depositors
withdraw funds because banks’ fundamentals are weak, independent of the actions of other depositors (see
Goldstein and Pauzner 2005). There is also a force related to fundamental runs in our model.

To see the intuition, consider the behavior of uninsured depositor i, and assume that banking fundamen-
tals unexpectedly change while other depositors’, —i, decisions remain unchanged. To isolate the effect of
fundamentals, consider a one period unexpected decrease in the mean expected return p ., which occurs
after interest rates are set but before depositors have made their deposit decisions. Since depositors’ deci-
sions (aside from depositor i) are unchanged, as are the interest rates and the continuation value of equity,
the bankruptcy threshold Rj remains unchanged. The probability that the firm’s returns fall under the
threshold this period, however, increases, since pj; = ® (é’caizl““) . A decrease in the bank’s profitability

increases the probability of bankruptcy for a given threshold: 6(?2 ’; 5 > 0, decreasing the probability that

depositor ¢ deposits with bank k. Therefore, firm fundamentals and coordination failures between depositors

jointly determine banking stability.
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3 Data

Our data set covers sixteen of the largest U.S. retail banks over the period 2002-2013.20 A primary objective
of our study is to empirically measure how both uninsured and insured depositors respond to financial
distress in the retail banking sector. We measure a bank’s level of financial distress using its credit default
swap (CDS) spread and measure the response of depositors using insured and uninsured deposit levels, while
conditioning on deposit rates and other bank characteristics. Table 1 summarizes our deposit and CDS data.

CDS gives us a direct and daily market measure of the financial solvency of each banking institution.
CDS is a liquid financial derivatives contract in which the seller of the CDS contract agrees to compensate
the buyer of the contract in the event a third party defaults.?! Our CDS data comes from the Markit
Database. We measure financial distress at the monthly level using the average daily CDS spread for the
five-year CDS contract. The average CDS spread in our data set is 0.87%, which corresponds to a modest
risk-neutral 1.43% annual probability of default.?? The advantage of measuring default risk using the CDS
spread over other ad hoc balance sheet measures is that it is a public, tradable, market rate that directly
measures the default risk of a bank.

We examine the relationship between deposit levels and CDS to determine how depositors respond to
financial distress. Our deposit-level data comes from the FDIC’s Statistics on Depository Institutions. The
FDIC provides quarterly estimates of uninsured and insured deposit levels for all FDIC insured banks.
During the financial crisis in October 2008, the FDIC increased the deposit insurance limit threshold from
$100k to $250k. The Call Reports data reflects the regulatory changes in the deposit limit threshold. The
level of uninsured deposits across banks ranges from $4.10 billion to $939.0 billion in our sample. On average,
uninsured deposits account for just over half (53.36%) of total deposits, while total deposits account for 77%
of liabilities for the banks in our sample.

We use a new and novel deposit rate data set from RateWatch, which includes daily branch-level deposit
rate data for several different types of accounts. Specifically, we measure deposit rates using one-year
certificate of deposit (CD) rates. We do not separately observe deposit rates for insured and uninsured
deposits. However, certificates of deposit have different minimum deposit requirements. We use heterogeneity

in the minimum deposit levels to help pinpoint the effect of deposit insurance on deposit rates. Since deposits

20As of 12/31/2009, fifteen (all) of the banks studied were among the twenty (thirty) largest U.S. banks in terms of deposits.
Our data set excludes five of the largest twenty banks. Of those five banks, four were excluded (ING, State Street Bank and
Trust Company, Bank of New York Mellon and Fia Card Services) because they had fewer than ten domestic branch locations.
The other excluded large bank, Capital One, was excluded due to data availability.

21For example, the five-year CDS spread for Bank of America in March 2009 was 3.19%. The CDS buyer agrees to pay 3.19%
to the contract seller over a five year period or until Bank of America defaults. If Bank of America defaults, the CDS seller
compensates the buyer of the CDS contract for the losses of the underlying Bank of America, as determined by an auction.

22We calculate the probability of default under a risk neutral model with a constant hazard rate under the assumption that
LIBOR is 3% and the recovery rate is 40%. See Hull (2012) for further details.
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in excess of $100k ($250k after October 2008) are not covered by FDIC insurance, we interpret CDs with
minimum deposits of $10k to be more likely to be fully insured than CDs with minimum deposits of $100k.
We calculate deposit rates for each bank and account type (minimum deposit and maturity) using the median
deposit rate offered at the monthly level.

To assess the effect of default risk on deposit rates we decompose deposit rates into two components,
the prevailing risk-free rate and the corresponding spread/premium. We define the deposit spread as the
difference between the certificate of deposit rate and the corresponding one-year treasury rate. Table 1
summarizes the deposit rate spread for one year CDs with minimum deposit levels of $10k and $100k. As
expected, the average deposit rate is higher for the CDs with the $100k minimum deposit threshold than for
CDs with a $10k minimum deposit threshold.

A key feature of the banking sector, and our model, is heterogeneity in the quality of banking services
offered by banks. One critical dimension of bank quality we control for is the number of bank branches
and ATM locations. The FDIC’s Statistics on Depository Institution provides panel data on the number of
branch locations for each bank over the period 2002-2013. We supplement the FDIC branch location data
with a new data set that includes the ATM locations for all major banks as of 2015. We manually collected
the ATM data from a popular website that locates MasterCard ATMs.22 As a potentially more direct
measure of the quality of banking services, we use the Consumer Financial Protection Bureau’s (CFPB)
newly available Consumer Complaint Database. The CFPB’s Consumer Complaint database is a collection
of nearly 500,000 complaints regarding financial products and services. We measure the quality of a bank’s

services as the number of complaints each bank received per account?* over the period July 2011-2015.

4 Demand for Deposits

4.1 Motivating Evidence: Uninsured Deposits and Financial Distress

The generic problem with estimating the effect of financial distress on demand for goods is that a decline in
demand for a product decreases the profits of a firm, increasing its financial distress. If the quality of the
product is not observed by the researcher, then this introduces a bias into the relationship between financial
distress and demand (Hortagsu et al. 2013). Before estimating the parameters of the demand system, we
illustrate that uninsured deposits are indeed run prone: an increase in a bank’s financial distress leads to a
decrease in uninsured deposits.

We approach the reverse causality problem by studying how responsive uninsured and insured deposits

23https://www.mastercard.us/en-us/consumers/get-support/locate-an-atm.html
24We use data on the number of accounts at each bank as of March 2015 from the FDIC’s Statistics on Depository Institutions.
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are to banks’ financial distress. The idea behind our approach is illustrated in a simple cut of the data in
Figure 1. In Panel A, we plot the relationship between the uninsured deposit market shares and financial
distress for Citi Bank and JPMorgan Chase over the period 2005 through 2010. In Panel B, we plot the same
relationship for the market share of insured deposits. As Citi Bank’s distress increases relative to JPMorgan,
Citi’s market share of uninsured deposits decreases and JP Morgan’s increases. Citi’s insured deposits, on
the other hand, are not responsive to the increase in distress relative to JPMorgan. The lack of a response
from the insured depositors suggests that the change in financial distress is driving the relationship between
distress and uninsured deposits, rather than changes in how attractive a bank is to depositors on dimensions
other than financial distress.

To capture the same intuition in a regression, we estimate the following differences in differences specifi-
cation:

In SkN,t =VPk,t + pok + pr + T Xt + Eg

in which g, and iy are bank and quarter effects respectively, and X}, ; measures observable bank character-
istics. The main coefficient of interest is 7, measuring how responsive demand for uninsured deposits is to
financial distress of the bank. As we can see in the figure, there is aggregate variation both in deposit levels
and financial distress of banks. Time fixed effects absorb such aggregate variation, ensuring we identify the
effect from relative changes of deposits and distress of banks, i.e., that we compare Citi to JPMorgan. The
inclusion of bank fixed effects ensures that banks which offer on average worse services, and are therefore
in financial distress, do not confound our estimates. We present the estimate in column 2 of Table 2. The
coefficient is negative, suggesting that as a bank’s CDS increases relative to other banks, it’s relative market
share of uninsured deposits declines, i.e. uninsured depositors leave banks in financial distress.

An alternative explanation of this result would be that a bank’s attractiveness has declined, and this is
not captured by the bank fixed effect pj or its observable characteristics X ;. We address this alternative
by estimating a triple-differences specification. Insured depositors are insulated from a bank’s bankruptcy,
so they should not react to an increase in its probability of default. So if we see a bank’s market share
of insured deposits decline with a rise in financial distress, we should conclude that it is the decline in
unobserved banking quality which is driving the relationship. A large decline in uninsured deposits relative
to insured deposits, on the other hand, suggests that financial distress is driving the decision of uninsured
depositors, and not a substantial decline in services, which would likely affect both types of depositors. We
implement the idea by estimating how the difference between the market share of uninsured and insured

deposits within a bank, In sfxt —1In siﬁt, responds to financial distress of a bank:
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Bank fixed effects again absorb time invariant differences between banks in insured and uninsured deposits.
Quarter fixed effects control for aggregate shifts in relative preferences of insured to uninsured deposits. The
negative coefficient in column 1 of Table 2 shows that as financial distress of a bank increases, the market
share of its uninsured deposits declines relative to its share of insured deposits.

Last, we present a placebo test using insured deposits. Insured depositors are insulated from a bank’s
bankruptcy, so they should not react to an increase in its probability of default. However, if the alternative
is driving our results, then changes in financial distress arise because the bank has become less attractive
to uninsured depositors independent of its probability of default. Such a decline in quality should also be
at least partially reflected in a decline of insured depositors. Instead, results in column 3 of Table 2 show
that a bank’s market share of insured depositors, if anything, is increasing in its probability of default. This
suggests that changes in the financial distress of a bank are not caused by unobserved changes in services
the bank offered to depositors. Jointly, the differences in differences specification, the placebo, and the triple
differences specification all point to the same idea: that demand for uninsured deposits declines with a bank’s

financial distress.

4.2 Demand Estimation

Next, using banks’ characteristics and market share data described in Section 2, we estimate the utility
parameters from equations (4) and (5). We consider the sixteen largest banks, and designate all other banks
outside of the sixteen in our data set as the outside good, which we index by 0. Because we estimate the
demand system from within-bank variation, we allow for the quality of the bank to change over time. We
denote the time varying component of bank quality for uninsured and insured deposits as S,th and §£7t,
resulting in total bank quality of 6} + f};’t and &6} + fﬁt. We normalize the benefits consumers derive from
the outside good by setting 65 + 5(])\’@ =6+ §é’t =0.

The logit demand system in eq. 5 then results in the following linear regression specification:
In SkN,t —In S(Z)Yt = O‘(iﬁt - ié\,[t) =Pkt — pot) + (;l]ev + gl]v\{t 9)

Because we do not observe the characteristics and the price of the outside good, po+ and ié\ft, we include
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quarter fixed effects ¢}V, which absorb the outside good, resulting in a differences in differences specification:
In Sgt = O‘ikN,t — VPrt + G+ + fljc\,[t (10)
The corresponding specification for insured deposits does not depend on financial distress:
In Sét =0; + aiét +¢+ glﬁ,t'

Even within the differences in differences setting, changes in the utility that depositors derive from a given
bank, 5%, are a potential source of bias, as we discuss in Section 4.1. To circumvent the simultaneity
problem, we use an instrumental variables strategy, which we discuss in more detail in Section 4.2.1.

In addition to the interest rate and default sensitivity parameters of, oV, and =, we are also able to

recover the unobservable bank specific utility shocks §J1»7t and fﬁft from our regression specification estimates

as:

o~ o~

§JN¢ =1Ins,,; — (5,]: — APkt + ai{xt + CtN) , (11)
Je=Ise, — (51€ + Qg + CtI) :

Intuitively, we use the residuals from specification (10) and calculate & j{t and fJN’t such that estimated market

shares at each time period for each bank are equal to the observed market shares.

4.2.1 Elasticity of Deposits to Financial Distress

An alternative to the triple differences approach which we present above is to obtain variation in financial
distress of a bank, which is orthogonal to how depositors value banking services. We start with the differences
in differences specification in eq. (10) in which we instrument the probability of default of a bank. We base
the instruments on the idea that the performance of a bank’s loan portfolio affects the financial condition of
a bank, but has little to do with the services depositors can obtain from this bank.

The first instruments we use are based on the net amount of charged-off loans by a bank. Loan charge-
offs measure the net value of loans and leases that were removed from the bank’s balance sheet because of
uncollectibility, and are one measure of the performance of a bank’s loan portfolio. We include bank fixed
effects in the specification, so our results are not driven by the fact that banks which give bad loans also
offer poor services that make them unattractive to depositors. Instead, our instrument is identified from
changes in loan charge-offs within a bank over time. We use two types of charge-offs: those for all loans, and

charge-offs for real estate secured loans. Quarter fixed effects absorb any aggregate activity, which would
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affect loan performance, and would also change depositors’ preferences. Moreover, loans that are written off
in a given period have been made in the past, so we exploit the variation in the quality of the loans the bank
has made in the past to generate variation in financial distress in the present. Therefore, the possibility is
small that changes in loan charge-offs within a bank over time would measure the services that depositors
obtain from a bank.

The second instrument we use exploits a similar source of variation, the share of collateralized mortgage
obligations (CMOs) held by the bank as a share of its securities. The idea is that changes in the value of
structured products held in a bank’s portfolio have little to do with the changes in the quality of deposit
services the bank offers. We use both the share of privately issued CMOs as a share of total securities,
as well as the share of government issued CMOs as a share of total securities. The former performed
poorly, increasing a bank’s financial distress, while the latter performed well, being government insured.
Again, because of bank fixed effects, we exploit within-bank changes in banks’ portfolio structure over time,
and quarter fixed effects absorb the aggregate changes in the performance of these securities and depositor
behavior.

Table 3 displays the demand estimates for uninsured deposits with both choices of instruments. Consistent
with the results in the previous section, we estimate that an increase in the probability of default for a bank
decreases demand for uninsured deposits. Interestingly, we find very similar coefficients for both instruments,
even though one is estimated with variation in within-bank changes of loans given in the past, and the
other using within-bank changes in the current performance of structured securities. Moreover, as before, we
estimate a placebo and allow the demand for insured deposits to depend on the instrumented values of default
probabilities using the same instruments. The coefficients for insured deposits are small and insignificant.
The instrumental variables results, jointly with the results from the previous section, support the hypothesis
that uninsured depositors are run prone. As a bank’s default probability increases, the demand for uninsured
deposits decreases.

We estimate —v to be negative in all three specifications (Table 3, columns 1-3). The results from column
3 can be interpreted as a 1 percentage point increase in the risk-neutral probability of default is associated

with a 12% decrease in the market share of uninsured deposits, implying an elasticity of -0.60.%°

4.2.2 Interest Rate Elasticity and Differentiation of Banks

Recall from Section 4.2 that the demand for deposits depends on the interest rates ziv + ié,t and the ac-

N

companying parameters ¥, af, which measure depositors’ sensitivity to interest rates. Deposit rates can

be correlated with time-varying bank quality. We use the variation in input prices to instrument for the

25The marginal effect and elasticity are computed using a 5% probability of default and a 5% market share.
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rates in the spirit of Villas-Boas (2007). We construct the instrument from the bank-specific pass-through
of treasury rates to insured and uninsured deposits. As expected, we estimate a positive and statistically
significant relationship between demand for deposits and the offered interest rate in each specification for
both insured and uninsured deposits. Both insured and uninsured deposits are quite price insensitive: with
a demand elasticity of 0.56 for insured deposits and 0.16 for uninsured deposits.?5

Bank fixed effects measure how much depositors value the services of a bank, holding deposit rates and
financial distress fixed. We report the estimated bank fixed effects for the preferred specifications (columns
3 and 4 in Table 3) for both uninsured and insured deposits in Figure Al. Figure Al illustrates that bank
fixed effects are positively correlated across uninsured and insured deposit markets. Intuitively, this suggests
that, on average, banks which offer attractive services to insured depositors also offer attractive services to
uninsured depositors, which one would expect. The largest five banks by deposit size (Bank of America, Citi
Bank, JP Morgan Chase, Wachovia, and Wells Fargo) have the largest insured and uninsured fixed effects.
Our demand specifications control for the number of branches, so this finding is not mechanical. Conditional
on the number of branches, depositors value the services of the five largest banks more than the services
of other banks. The heterogeneity among banks is substantial: the average insured depositor is indifferent
between depositing at Bank of America or depositing at Citi Bank with a 0.46% point higher deposit rate.
Although the value of services offered to depositors is correlated across deposit types, they are not perfectly
correlated. For example, Santander has the lowest (16th) ranked brand effect for uninsured deposits while
it has the 8th highest brand effect for insured deposits. This heterogeneity suggests that some banks have a
comparative advantage in attracting one type of deposits relative to others.

To further assess whether our estimates of bank fixed effects are plausibly related to the quality of
bank services, we examine the relationship between our estimated fixed effects and observable dimensions of
bank quality. Depositors frequently obtain banking services, such as withdrawals or deposits, from ATMs.
Therefore one would expect that banks with a larger and denser ATM network would provide more services
to depositors. Figure A2 Panels (a) and (b) confirm this intuition: banks with a larger ATM network have
larger estimates of service quality as measured by bank fixed effects. A perhaps more direct way we measure
if consumers are satisfied with banking service quality is the frequency of complaints against the bank. We
would expect banks with fewer complaints to provide a higher level of service. The Consumer Financial
Protection Bureau allows consumers to file complaints against the bank, which we merge with our data.2”

Results in Figure A2 Panels (c¢) and (d) confirm that banks with fewer complaints per customer have larger

26 Uninsured and insured elasticities are computed using the demand estimates from columns (3) and (4) in Table 3 and under
the assumption that the offered deposit rate is 1% and market share is 5%.

2"We obtained the data from the Consumer Financial Protection Bureau’s Consumer Complaint Database
http://www.consumer finance.gov/complaintdatabase/.

25



estimates of service quality as measured by bank fixed effects.

Overall, our demand deposit specifications yield three results. First, uninsured deposits are run prone.
As the probability of default of a bank increases, the demand for deposits from that bank decreases. Second,
the demand for both insured and uninsured deposits is relatively inelastic. Lastly, we find that the services
of the five major U.S. banks are valued highest by depositors (controlling for the number of branches), and

that there exists a fair amount of heterogeneity in the strength of these services across banks and deposit

types.

5 Supply of Deposit Services

5.1 Calibration of Supply Parameters

To estimate the demand for deposits we rely on revealed preferences of depositors, without imposing model
restrictions resulting from banks’ behavior. To obtain supply-side parameters, which govern the behavior
of banks, we calibrate the model using revealed preferences of banks. Banks optimally set interest rates on
insured and uninsured deposits, and choose when to default. Given data and demand estimates, we calibrate
the model such that bank-specific parameters ¢, o , and py are consistent with banks’ optimal pricing
and default behavior. For every bank, we have three parameters to calibrate, and three equations, which
characterize the bank’s optimal behavior. We solve for the parameters in closed form and show that the
solution is unique so the model is exactly identified. In other words, for any observed equilibrium of the
game, there is a unique set of parameters that rationalizes the data.

We obtain the inputs from the data or from balance sheet information as follows. From the data, we
directly measure deposit rates, ii’t, z,lcv ;» market shares of deposits si’t, s,]c\f ;» and total deposits in a market
M MV . We compute the debt service rate, by, for each bank as the product of the bank’s unsecured funding
rate and all non-deposit liabilities. We calculate a bank’s unsecured funding rate as the ten-year treasury
rate plus the CDS spread.?® The CDS spread measures the bank’s credit spread, while the treasury rate
measures the risk-free market interest rate. We calibrate the model using a discount rate r of 5% for each
bank.? Last, we obtain the utility parameters o’ and oV from demand estimation corresponding to the IV
demand estimates in columns (3) and (4) of Table 3 as discussed in Section 4.2.

Because we calibrate the model for a given observed equilibrium, we drop the subscript ¢ from the

notation for ease of exposition. The first parameter we calibrate for each bank is the non-interest cost of

28We use CDS spreads as of March 31, 2008. When calculating the unsecured funding rate for different time periods we
use the corresponding treasury rate. We calibrate the model keeping the CDS spread fixed across time periods for ease of
comparison.

29 As a robustness check, in Appendix Table A5 we recalibrate the model using the corresponding 30 Year Treasury Rate as
the discount rate 7.
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insured deposits, c¢g, which we obtain from the pricing decisions of the bank. Inspecting the first order
conditions between insured (eq. 7) and uninsured deposits (eq. 8), we can write the cost as the difference in

margins the bank earns on these two types of deposits:

o= (N —1 V(i —L
Pk (1—sM)aN k (1=shal )’

Intuitively, larger marginal costs of insured deposits ¢ are passed-through to consumers with a mark-up.
Because the marginal benefit of deposits is the same for insured and uninsured deposits, we can difference it
out. Knowing demand elasticity and quantities, we can invert the marginal costs from the pricing equations.

Next, we calibrate the risk-neutral variance of bank profits o,. We derive a closed form solution for the
variance in terms of the demand parameters, and other observable variables. To obtain the intuition for the
mapping between observable quantities and the variance, we present the main steps in the derivation of the
analytical solution. The main insight we use is that the limited liability benefits that equity holders earn
can be expressed in terms of the observable probability of bankruptcy and ok. First note that, assuming

informationally efficient CDS markets, we can observe the risk-neutral probability of bankruptcy in the data.

o= <M> . (12)

Its equivalent in the model is
ok
We invert this expression to obtain the normalized endogenous bankruptcy cut-off:

Ri — iy
ok

= (o). (13)

We start with the bankruptcy condition (6) at which the bank is indifferent between defaulting and staying
in business. First, we show that the bank’s payoff from not defaulting (RHS of 6) is a function of observable

quantities and the probability of default, by substituting for (12) and (13):

1 1.1 N N

_ _ —(M*s;, + M*%s 1—pg

by — M'st (Ry —cx — i) — MNsy (R —i) =op | ' (s 0 ( )
(=@ (or) + A (27 (pr)))

The unobservable quantities in the LHS are the margins on deposits earned by the bank, (Rk —cr — zi) and

(Rk — zfv ) We can express margins in terms of demand parameters and the probability of bankruptcy, by

substituting in for optimal pricing from (7) and (8), and then substituting from (12) and (13):

(R —cx — 1) = (1—slfk)af + o (7 () — A (@7 (pr)) -
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1

Therefore, the margin on deposits is a function of the price elasticity of demand (==3rm and limited liability

k
benefits oy, (71 (pr) — A (271 (p)))-

The financial shortfall at bankruptcy (LHS), as well as the benefit of continuing the enterprise (RHS) are
a linear function of the variance, 0. Therefore, there is a unique value of the variance that makes the bank’s

indifference condition consistent with the data. Substituting the margins into the bankruptcy condition, we

obtain a closed form solution for the variance of profits of bank k:

(147) by — Mlsi _ MNSZ,CV
MTsIrMNsN \Uk ™ QT(1=sI) — a(1—sY)

(P +7) [27(pr) = A (2~ (ox))]

Ok =

Last, we compute the expected return on deposits from the optimal pricing of deposits:

1

N 1
e =1, — o (O (pk) + .
k ( ) (1—sM)alN

Intuitively, for a given level of default rates, volatility, and demand elasticity, if a firm is willing to offer

depositors higher interest rates, it is because it expects to earn large returns on these deposits, implying a

large .

5.2 Calibration Results

The average profitability of banks is driven by two parameters: the mean return on deposits, g, and the
additional costs of servicing insured deposits, cg. Figure 3 displays estimated mean return on deposits across
the banks in our sample as of March 2008. We find that banks earn mean returns on deposits between 7.50%
to 8.50%.3° Figure 2 displays estimated cost of servicing insured depositors across the banks in our sample
as of March 2008. Our estimates suggest these additional costs amount to approximately 4% to 5.5%.3!
These calibrations rationalize the interest rates charged on insured and uninsured deposits with demand
estimates, CDS spreads, and deposit amounts across banks. To evaluate these estimates, we compare them
against balance sheet estimates of banking profitability, which we did not use in our calibration, as well as
industry estimates of the costs of small bank accounts to banks.

It is difficult to directly measure expected returns on deposits under the risk-neutral measure in the data
in general, but this task is even more difficult during the crisis, because ex post realized returns during the
crisis were substantially below the expectation. Hirtle et al. (2015) report the historical net interest margin

of U.S. commercial banks at approximately 3.5%. This estimate is on the lower end of our calibrated values:

30To put these estimates in perspective, the 10 year Treasury yield as of March 2008 was 3.45%.
31Because we have a continuum of depositors, the marginal and average cost of servicing an account are the same. The
interpretation of ¢ as a fixed cost per depositor is probably more sensible, so cishould be evaluated as such.
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the mean returns banks earn on deposits exceed the interest payment by 3.5% - 6.5%. Since insured deposits
are approximately half of all deposits for the banks in our sample, the overall average profitability of deposits
is approximately 2.9% to 3.75%. Hanson et al. (2015) and Hirtle et al. (2015) use balance sheet data to
compute that banks earn approximately 2-2.5%. Even though our calibrations do not use the balance sheet
items from these studies, our estimates lie in the ballpark of the estimates from those studies.

Industry estimates suggest that small bank accounts are substantially less profitable than large bank
accounts. In fact, the American Banker’s Association estimates that approximately half of checking accounts
are unprofitable. Our calibration results are consistent with the idea that the costs of small, insured accounts
are substantially larger than the cost of uninsured accounts. For a $2,500 account, our estimates of ¢; imply
an additional cost of $100 to $137.5 per year. Banks frequently charge fees for depositors with small accounts,
smaller than $500-$1,500, with fees between $5 to $10 per month.?? We also estimate the perceived volatility

of returns banks earn on deposits, which range from 8% to 22% as displayed in Figure 4.

6 Multiple equilibria

We use our model to study whether other equilibria can be supported in a market with the calibrated funda-
mentals. Recall that the fundamentals of the model are consumer preferences for deposits, the distribution
of returns on deposits, and long-term debt burdens of banks. An alternative equilibrium is one in which
consumers with the same preferences rationally believe that banks’ probabilities of bankruptcy differ from
the realized probability. Given these beliefs, the banks’ optimal choices of interest rates and default decisions
are such that the probability of bankruptcy equals depositors’ beliefs. We rank these equilibria in terms of
the best and worst equilibria based on total welfare, as described in Appendix B. For ease of exposition, we
limit the market to the five largest banks, rather than the full set in the analysis.

A worse equilibrium can potentially exist because a decline in depositors’ beliefs about a bank’s survival
probability decreases demand for deposits, lowering the bank’s profitability and increasing its probability
of default. If the feedback is strong enough, a new equilibrium could exist that supports such pessimistic
beliefs. More precisely, because banks compete, an equilibrium is determined by consumer beliefs about
default probabilities of all banks. These have to be consistent with the optimal interest-setting and default
behavior of all banks, which compete for deposits. Therefore, a shift in one bank’s level of financial distress
can spread to other banks through equilibrium deposit competition effects.

We first illustrate how the banking system with the same fundamentals? can result in significantly worse

32http://abcnews.go.com/blogs/business/2012/09/basic-checking-account-fees-at-10-largest-banks/, downloaded on
9/19/2014
33By fundamentals we refer to the estimated utility parameters, calibrated supply parameters (i, ok, cxk) and debt service
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equilibria with lower welfare. We then classify the alternative equilibria, and study how contagion of financial

distress can occur without direct linkages across banks.

6.1 Results

We find several equilibria consistent with the calibrated fundamentals. For example, Wachovia’s market-
implied risk-neutral probability of default as of March 2008 was 3.3%. Our model indicates an additional
equilibrium exists in which Wachovia defaults with a risk-neutral probability of 52% (Table 4, equilibrium 5).
The multiple equilibria results can be interpreted as follows. Consumers rationally believed that there was
a 3.3% chance that Wachovia would default in March 2008. However, if consumers suddenly believed that
there was a 52% chance that Wachovia would default in March 2008, those beliefs would also be rational,
even though the underlying fundamentals of the banking system would be the same. If depositors believed
that Wachovia was more likely to default, they would have started to withdraw their deposits, which would
have in turn lowered the profitability of Wachovia and increased its probability of default.

Three broad facts emerge from the analysis of multiple equilibria. First, the banking system was in the
best equilibrium for much of the period we study, and close to the best one in the rest of the period. Second,
each bank individually is subject to instability, which can spill over to other banks. Last, even in the worst
equilibria, several banks remain active and provide depositor services to a large part of the market. We next

discuss these facts in more detail.

6.1.1 Banking System and the Good Equilibria

For the most part, the banking system was close to the best equilibrium of our model in terms of the total
associated welfare. For 2008 and 2009, we can find equilibria which have slightly lower default probabilities
for all banks and higher associated welfare (equilibrium 2 in Table 4 and Panel B of Table A1). Conversely,
in 2007 there are no equilibria that strictly dominate the observed equilibrium in the data. We do find
an equilibrium in 2007, which is slightly worse than the realized equilibrium for each bank in terms of
default probabilities (Table A1l Panel A, equilibrium 2). These close equilibria suggest that the realized
market default rates, as measured by CDS, are not necessarily a monotonic transformation of underlying
fundamentals, even in equilibria in which banking is stable. Rather, some banks are better off because
consumers’ beliefs in their stability are high. On the other hand, the realized equilibrium, as well as other

proximate equilibria, are substantially better than the bad equilibria we discuss below.

by which are assumed to be constant.
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6.2 Asymmetric Equilibria and Contagion of Financial Distress

One set of possible alternative equilibria we find are ones in which one bank’s probability of default is
substantially higher than that of the other banks, in the range of 40% to 60%. We find such equilibria are
possible for every bank, suggesting that each bank individually is subject to instability (Table 4, equilibria
3-7; Table Al Panel A, equilibria 9-13; Table A1 Panel B, equilibria 11-15).

These equilibria provide a window into the propagation of adverse shocks in the banking system, without
direct linkages between banks. To illustrate the link, consider the alternative equilibrium in March of 2008
in which Bank of America’s probability of defaulting is 53% (Table 4, equilibrium 4). Bank of America’s
market share of uninsured deposits in March of 2008 was 9%, but it is 0.1% in this equilibrium. Financial
distress decreases demand for Bank of America’s uninsured deposits and increases demand for competitors,
all else equal. On the other hand, Bank of America also offers higher deposit rates. To compete, Bank of
America’s competitors raise their interest rates, on average by approximately 1%.

Competition for insured deposits propagates financial distress across banks. The distressed bank suffers
no direct decrease in demand for insured deposits. Instead, because it is likely to default, the FDIC guarantee
becomes very valuable: in the high default probability equilibrium, Bank of America’s equity holders only
pay for these deposits half the time. Providing high interest rates on insured deposits is therefore quite cheap.
This gives the distressed bank a comparative advantage in attracting insured deposits, and its market share
of insured deposits actually increases. For example, one month before Washington Mutual failed, a Wall
Street Journal blog titled “Return on Investment” reported the following “Washington Mutual is offering
a remarkable 4.9% interest rate on one-year CDs ... the minimum deposit is just $1,000. And unlike
stockholders and bondholders, your money is guaranteed by the federal government.”34

While the distressed bank attracts insured deposits, the competitor banks suffer a decline in insured-
deposits market share and pay a higher interest rate on these deposits. This lowers profits of non-distressed
banks in the system, increasing their distress. When Bank of America experiences financial distress, the
probability that each one of its competitors defaults increases by over 1.5 percentage points (Table 4, equi-
librium 4). The example of Ally Bank illustrates such spillovers. In 2009, Ally Bank offered among the
highest interest rates in the country, while its parent company GMAC was receiving FDIC assistance. The
American Bankers Association, in a letter to the FDIC, complained that these rates were taking advantage of
government guarantees and hurting other banks in the system. Limiting interest rates that undercapitalized
banks can offer would “protect healthy bank competitors from having to pay unsustainably high and above

market rates for deposits to compete against an institution taking advantage of FDIC insurance in an unsafe

34http //blogs.wsj.com /roi/2008/08 /29 /banks-offer-higher-cd-rates-to-offset-credit-crunch-losses [accessed on 12/17/2014]
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manner.” The FDIC responded by tying a part of its assistance to GMAC to the deposit rates of Ally Bank.
Ally Bank lowered its rates afterward (Yingling 2009, Leiber 2009 ).

The distressed bank’s comparative advantage in attracting insured deposits is particularly strong in our
model, because we allow banks to offer arbitrarily high interest rates on insured deposits. This is reflected
in exorbitant interest rates offered by unstable banks in bad equilibria. For example, Bank of America’s
insured deposit rate is 7.33% (Table 4, equilibrium 4). We can interpret the high interest rate as the rate
Bank of America would be willing to offer without regulatory constraints, i.e., as a shadow price of uninsured
deposits for Bank of America in the equilibrium in which it is unstable. We analyze how imposing interest
rates limits on insured deposits would affect spillovers and the possibility for multiple equilibria in Section

7.1.

6.2.1 Provision of Banking Services in High Default Probability Equilibria

We also find equilibria in which multiple banks face extreme distress. In 2007 and 2009, we find several equi-
libria in which two or three banks are unstable, with risk-neutral default probabilities over 50% (Appendix
Table A1 Panels A and B).3° Equally interesting, however, is that we find no equilibria in which four or five
of the largest banks are unstable in any of the periods studied. Intuitively, as more banks are distressed,
the demand for uninsured deposits shifts to relatively healthier banks. This effect is too weak to prevent
spillovers across banks in asymmetric equilibria in which few banks default. However, it is strong enough to
prevent all banks from being simultaneously unstable. One can see that by tracking the total market share
of uninsured deposits for the banks we consider. For example, their market share is 51% in the observed
equilibrium in 2008, and does not decline below 38% in any alternative equilibrium.?¢ Because depositors
value services they obtain from banks, an equilibrium in which all banks are unstable is not achievable for
the calibrated values of the parameters we obtain. These results suggest that a mechanism that could desta-
bilize the entire banking system would have to involve direct linkages across banks, which would overcome

the force for stability we describe above.

35Note that in the equilibria in which multiple banks experience financial distress, total welfare is generally higher than in
the equilibria in which only one bank experiences financial distress. This is because the multiple distressed banks compete for
depositors by offering higher and higher deposit rates which makes consumers better off.

36We fix the utility of the outside good at the estimated level for the time period of the counterfactual.
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7 Policy Analysis

7.1 Interest Rate Limits on Insured Deposits

As we show in Section 6.2, the instability of one bank can propagate to other banks through competition.
The negative spillover is substantially stronger for insured deposits, because unstable banks value the FDIC
guarantee more. Interest rate limits, such as the one imposed on Ally Bank, might prevent banks from taking
advantage of the guarantee and possibly limit the effect of spillovers on other banks. In fact, Regulation Q,
which had allowed the Federal Reserve to set interest rate ceilings on banking deposits in the past, was put
in place in 1933 partly to “prevent ‘excessive’ rate competition that...lead to bank failures” (Cook 1978).

We analyze this intuition by imposing limits on the insured interest rates that banks are allowed to offer.
We compute alternative equilibria in the calibrated model under this policy and present the results in Table
A2. The policy is effective at curbing FDIC costs. For example, in 2008, one of the worst equilibrium without
limits on insured rates results in expected FDIC costs of approximately $1.1 trillion (Table 4, equilibrium 7).
In this equilibrium, the unstable bank, Citi, takes extreme advantage of FDIC insurance and attracts most
insured deposits—the market share of Citi rises to 87%. We impose a very loose limit on insured deposit
rates, at 5 percentage points above the treasury rate. The interest rate cap prevents unstable banks from
attracting all insured deposits, limiting their market share to 83%. If we compare the equilibrium in which
Citi experiences substantial distress with (Table A2, equilibrium 4) and without the interest rate cap (Table
4, equilibrium 7), we see that the policy is effective at curbing the expected FDIC costs, decreasing them
by over three-fourths: $0.225 trillion. The costs are also lower because the expected default outcomes are
less severe under the alternative policy. As suggested by the American Bankers Association in their letter to
the FDIC, the policy also seems to limit spillovers between banks. The stable banks manage to hold on to
some insured deposits, and because interest rates are lower, they are also more profitable, increasing their
stability.

The policy does have one surprising aspect. While the banking system is more stable from the perspective
of default rates, it provides fewer services to uninsured depositors. Without insured interest rate limits, the
lowest market share of uninsured deposits obtained by the five major banks we analyze is 38% (Table A2,
equilibrium 7). Conversely, limits on insured deposit rates lead to several equilibria in which uninsured
deposits leave the system even if banks are more stable. The lowest market share of uninsured deposits
is below 5% (Table 5, equilibrium 29), or roughly 85% smaller than without limits. Therefore, while the
policy can result in increased stability of the banking system and smaller costs to the FDIC, it can have
an adverse effect on the level of uninsured deposit services provided by the banking system. These results

caution that even simple and seemingly reasonable policies may have distributional consequences which have
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to be considered.

7.2 FDIC Insurance Limit Change

During the financial crisis, the FDIC raised the limit on deposit insurance, first in October 2008 and then
as part of the Dodd-Frank Act in 2010. We use our calibrated model to estimate the effect such a policy
would have had prior to the peak of the financial crisis in March 2008.

We mirror the actual policy change by increasing the total number of insured deposits available, M', by
1.00% of uninsured deposits, and decreasing uninsured deposits, MV, by 1.00%. In our baseline specification,
the newly insured depositors have the same preferences as the uninsured depositors, but are insensitive to
bank default. We present the results in Table 5, Panel A. Most banks’ default probabilities do not change
significantly, so the policy does not stabilize the system, since most of the rents accrue to the newly insured
depositors. We calculate the expected FDIC insurance payout under the two policy regimes. The consequence
of the policy is to increase the expected cost to the FDIC by roughly $265 million, but the results differ
among banks. The results have differential effects, because banks differ in the quality of services for insured
and uninsured depositors. Therefore, a shift in the composition of demand affects them to a different extent.
Furthermore, the cost of servicing insured depositors (ci) differs across banks, affecting their pricing of
deposits. Overall, our counterfactual suggests that the primary consequence of the policy is to transfer rents
from the FDIC to the newly insured depositors.

To illustrate the importance of modeling realistic aspects of depositors’ preferences, consider the counter-
factual below. We change the preferences of newly insured depositors to coincide with those of the insured
depositors. Under this counterfactual, the FDIC limit increase would have lowered the probability of default
for all banks we consider (Table 5, Panel B). It would also lower the expected costs of FDIC insurance by
$500 million. This change in depositors’ preferences radically changes the policy implications.

Why do these two counterfactual have such different impacts on banking stability? The policy change
transfers rents from the FDIC to banks and depositors. Broadly, if, in equilibrium, these rents go to the
depositor, banks’ incentives to default do not change much. Conversely, if the rents accrue to the banks,
there is an offsetting effect, which potentially lowers the probability that each bank defaults. These two
forces help explain part of the asymmetric effect of increased FDIC insurance. Overall, our results suggest
that a quantitative model can be useful in analyzing even seemingly simple policies. Our model is silent
about the risk-taking decision of bank managers. The moral hazard problem will temper the conclusions of

our counterfactual analysis, introducing additional costs of FDIC insurance.
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7.3 Capital Requirements

The last policy we consider is the introduction of capital requirements. In the Appendix, we also use our
model to consider an additional policy that limits the risk that banks are eligible to undertake. In the baseline
model, limited liability protects equity holders. If the bank defaults, equity holders only lose the franchise
value of the bank, which is the expected value of the future cash flows from the bank. Capital requirements
have been at the center of proposed policy solutions to combat banking instability.3” We implement capital
requirements by requiring equity holders to post a k share of deposits and coupon payments every period,
K (bk + Mlséﬂ5 + MstXt), leading to a capital requirement of w = HLR This additional capital is invested
along with deposits and is lost if the firm defaults. Therefore, if the bank wants to raise additional deposits,
equity holders have to supply additional capital.

The addition of capital requirements changes the characterization of the optimal default threshold, as
well as the optimal pricing of deposits. We characterize how capital requirements affect both the default and
interest rate-setting behavior of banks in the Appendix. We consider two variants of capital requirements.
In the first version, additional capital is invested along with deposits. In the second, which we investigate in
Section 8.4, capital is invested at the risk-free rate.

We compute equilibria in the calibrated model for different levels of capital requirements w as of March
2008. Because there are multiple equilibria for each w, we streamline the analysis by focusing on the best
and worst equilibrium from the perspective of bank stability and welfare for each capital requirement w.
Last, we propose a welfare criterion that allows us to choose an optimal policy in the presence of multiple
equilibria. Using this criterion, we solve for optimal capital requirements.

We first analyze the consequences of increasing capital requirements for the stability of the banking sector.
We measure bank stability as the average risk-neutral probability of default across the analyzed banks for
each equilibrium. We rank equilibria according to this measure, and plot the best and the worst equilibrium
for each capital requirement in Panel A of Figure 5. Increasing capital requirements increases banking
sector stability in the worst equilibrium. The average probability of bankruptcy in the worst equilibrium
declines precipitously as we increase w from 0 to 23%. The decline slows as we increase capital requirements
past w = 23%. Intuitively, increasing capital requirements increases the stability of banks by decreasing
the limited liability of equity holders, making them less prone to gamble. Therefore, capital requirements
decrease the severity of the largest possible instability in the banking sector.

The intuition that capital requirements uniformly increase the stability of the banking sector does not

hold. As capital requirements increase from w = 0 to w = 20%, banking sector stability in the best

37For example, the Dodd-Frank act, the Financial Stability Board total loss-absorbing capacity proposal for large banks, the
Basel III accords.
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equilibrium declines slightly. The driving force for this result is that in good equilibria the banking system
is already stable: consumers believe that banks are stable so demand for deposits is high, making banks
profitable and decreasing the probability of default. Capital requirements decrease the profitability of equity
and decrease banking stability. Overall, capital requirements decrease the severity of the largest possible
instability in the banking sector, but at the cost of eliminating some equilibria in which the banking system
is very stable.

From the perspective of policy makers, banking stability is an intermediate goal towards a broader
objective of fostering overall welfare. Consumers earn interest rates on their deposits and obtain banking
services, which they value.?® Equity holders earn rents from the intermediation of deposits, because they
offer differentiated goods and the market is not perfectly competitive.394° Because insured depositors and
equity holders partially obtain surplus from the expected FDIC insurance, we have to account for expected
FDIC costs in the welfare calculation as well. While increasing capital requirements can increase banking
stability, it may depress valuable banking activity. We therefore study how capital requirements affect the
surplus generated by the banking system. We first describe how the set of equilibria changes as we increase
capital requirements, and then propose the optimal capital requirement.

Figure 5, Panel B presents the welfare in the best (highest welfare) and worst (lowest welfare) equilibria
for different levels of w. The welfare in the best equilibrium does not vary much and remains relatively stable
as capital requirements change from 0 to 50%.

The welfare in the worst equilibrium improves drastically as capital requirements increase from no capital
requirements, w = 0, towards w = 18%, with a welfare gain of approximately $2.5 trillion. After that point,
welfare increases slowly and as we increase capital requirements further, past w = 39%, the welfare of the
worst equilibrium begins to decline.

These results show that banking stability and welfare do not necessarily go hand in hand. For example,
in the worst equilibrium, banking stability increases with capital requirements, but welfare starts to decrease
after capital requirements exceed approximately 39%. The source of this wedge between banking stability
and welfare is consumer surplus. In Panels C, D, and E, we separately plot how different components of
surplus change with capital requirements. Both equity value and the costs to the FDIC decline with capital
requirements in the worst equilibrium, as one would expect. Consumer surplus in the worst equilibrium, on

the other hand, reaches its global peak at approximately w = 35%, and is monotonically declining thereafter.

38The utility function of uninsured depositors already accounts for expected utility loss due to default, and the consumer
surplus can therefore be interpreted as the expected surplus.

39Depositor surplus and FDIC costs are measured as annual flows. Equity values, however, are measured as the present value
of expected discounted cash flows to equity holders. We compute the expected flow benefits to equity holders as rEj.

40We do not include the surplus borrowers earn from their bank loans. Insofar as increasing capital requirements decreases
banking activity, this surplus loss increases the cost of capital requirements further.
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Our model suggests that there are multiple equilibria for each level of capital requirements and that the
welfare consequences of policies differ based on which equilibrium is played by the agents in a model. How
should a planner choose the optimal capital requirement in the face of multiple equilibria? This choice is
especially difficult because it is plausible that the planner does not know which equilibrium will be chosen
after the policy has changed. If the planner is uncertainty averse and her priors over which equilibria will
be chosen are unrestricted, then she will maximize the welfare of the worst possible equilibrium (Gilboa and
Schmeidler 1989). Under this criterion, the optimal capital requirement is 39%.

More broadly, our results suggest that a planner may want to err on the side of capital requirements
which are too high rather than too low because the welfare losses from suboptimal requirements are very
asymmetric. Welfare losses in bad equilibria are substantial for capital requirements below 18%, relative
to any losses a planner might incur by choosing requirements that are too strict. These estimates are
substantially higher than the 8% requirements proposed under Basel III accords, and closer to the 16 —20%
total loss-absorbing capacity proposed by the Financial Stability Board. When we examine model extensions
in Section 8.3.2, we find large welfare losses for capital requirements below 15-18% across a wide set of model
perturbations. The increase in welfare for capital requirements above 18%, however, is not robust. In other
words, it seems that the optimal capital requirement of w = 39% is not robust to model perturbations. A

more robust recommendation of our model is closer to 18%.

8 Robustness and Sensitivity Analysis

8.1 Too Big to Fail

We model “too big to fail” (TBTF) as a bailout of uninsured creditors of banks, which keeps the bank outside
of bankruptcy. The bailout has to be uncertain, otherwise uninsured depositors would not be responsive
to changes in bankruptcy probability, which is what we find in the data. In the event that profits are low
enough that the equity holders of the bank would be willing to let the bank fail Ry ; < Ry, the government
initiates a bailout with with probability prprr < 1. The government provides just enough funds to make
equity holders indifferent to bank default Mlsi,t (R;m - Rk) + MNS{CV:t (Rk)t - Rk). In this way, the TBTF
transfers funds to equity holders of the bank, but does not make them better off. The probability that
returns are low and the bank might default is py+ = Pr (Rk,t < Rk) = (R’}ifk”ﬁ If depositors are not
bailed out, with probability (1 — prprF), they lose utility flow yr > 0. Therefore, they suffer an expected

utility loss of pg ¢ (1 — prerr)yr. The total indirect utility derived by an uninsured depositor j from bank
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k at time ¢ is then as follows:

uf e = aNigly — pro (L= prere) ve +0F + el

The TBTF version of the model implies that the probability of default that matters for uninsured depositors
is pr,t (1 — prerr), which includes the probability of bailout and is what we measure in the data. In other
words, the CDS-implied probability of default reflects the probability that a bank defaults and is not bailed
out, which is the relevant probability for uninsured depositors. Therefore, including TBTF has no impact
on the estimation of demand or depositor behavior. The same is the case for equity holders of the bank:
their bankruptcy decision, as well as deposit pricing, only depends on the overall sensitivity of uninsured
depositors to default. Because the transfers they obtain are used to pay depositors and bond holders, they
realize no net gains, and do not alter their behavior.

The calibration of the model does change, however. The risk neutral probability of default in the data
Pkt (1 — prerr) now comprises the probability that returns are below the cut-off value @ (é’“gi;’”) (1= prerF),
which we have to account for in the calibration. In our calibrations, we assume that the bailout probabil-
ity ranges from 0 to 75%. For detail, see Appendix A. Moreover, we now have to account for the cost of

government bailouts when computing welfare consequences of policies.

8.2 Bankruptcy Cost and Costly External Finance

Here we examine the sensitivity of the model to bankruptcy costs and costly equity issuance. We start with
the baseline model with capital requirements, and introduce both features simultaneously. We relegate all

technical details, including the optimality conditions and calibration equations to the Appendix.

8.2.1 Bankruptcy Cost

In the baseline model, we assume that the process of bankruptcy is costless. Here we explore the consequences
of a one-time reorganization deadweight cost in bankruptcy. Such costs can arise if the bank has to fire-sell
some of its assets during the reorganization process, or if the process distracts management and labor from
profit maximizing tasks. We model bankruptcy costs as a one-time deadweight cost realized at bankruptcy,
which is proportional to the size of the invested funds x (M I s#t + MN s,ivt) We experiment with two
different values of x. We choose x = 10%, which is twice the bankruptcy costs obtained in Hortagsu et

al. (2013), and x = 20%, which is approximately 2/3 of the estimated cost of bank failures to the FDIC
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(Granja, Matvos, and Seru 2015).4142

Bankruptcy costs do not alter the estimation of the model. The insured depositors are insulated from
bankruptcy, so their incentives remain unaltered. If uninsured depositors internalize the bankruptcy cost,
then this is reflected in their sensitivity to default, v, which we estimate from the data. Last, equity holders
do not directly internalize the bankruptcy cost, since they are wiped out in bankruptcy. They only internalize
these costs indirectly to compensate the uninsured depositors for bearing them by compensating them for
their sensitivity to default -y, which remains unchanged. Increasing the social cost of default bankruptcy
cost plays a potentially important role in assessing the welfare consequences of alternative policies, which

we study in Section 8.3.2

8.2.2 Costly External Finance

We also relax the assumption that injection of funds by equity holders is frictionless. A variety of theories
suggests that injecting external funds into the firm is costly due to frictions such as adverse selection, moral
hazard, and related agency problems. We capture these frictions as a deadweight cost of external financing,
which is proportional to the amount of funds injected, with a constant marginal cost of 7. Therefore, if
equity holders realize a shortfall of by — MIS;Qt (Rk,t —cp — z,it) — MNs,IC\{t (Rk,t — z,lcvt) they have to spend
(I1+74) (bk - Mlsi’t <Rk7t —Ccp — zit) - MNsi\{t (Rk,t — th)) to recapitalize the bank. We set 7. = 5%,
consistent with the estimates the literature on financing costs of large firms (Hennessy and Whited 2005,
Matvos and Seru 2014).

Costly external finance has no effect on depositor demand. Intuitively, these costs increase the benefits to
bankruptcy through two channels. First, they increase the costs of recapitalizing the bank directly. Second,
because recapitalization is more expensive, the present value of the bank, all else equal, is smaller, further

decreasing the benefits of recapitalization.

8.3 Results
8.3.1 Calibration

We explore how changing the model to allow for TBTF, equity issuance costs, and an 8% capital require-

t43

ment*® affects the estimates of the supply side parameters py, o, cx (the other two extensions we consider,

bankruptcy costs and run-prone insured depositors, do not affect the calibration). We first present the

41The total costs of bank failures to the FDIC include repayment of depositors, as well as any deadweight costs which arise
in bankruptcy.

42The two values of x produce quantitatively similar results. Hence, we report the values for the larger value of x, x = 20%.

43In Section 7.3 we investigate the consequences that different capital requirements would have on bank stability and welfare,
keeping the estimates from the baseline model. Here, we instead explore how the 8% capital requirement, which was in place
during the estimation period, would affect the estimates of model parameters.

39



model with all extensions simultaneously. Then, to better understand how these extensions affect parameter
estimates, we study how adding each one of them individually to the baseline model affects the estimates.
We derive the equations for each calibration in the Appendix.

Table 6 Panel A presents the average calibrated parameters across banks. The first thing to notice is
that the extensions have no effect on the additional costs of servicing insured deposits, ¢, which we more
formally show in Appendix A. Intuitively, what drives the calibrated parameters is the difference in deposit
pricing across insured and uninsured depositors. Within the pricing equations, our extensions mainly affect
the marginal benefits of deposits, which is differenced out when we calibrate cy.

The extensions have a small effect on the mean and standard deviation of returns on deposits, uy, and
o). Introducing all extensions simultaneously has only minor consequences on the parameter estimates. The
mean returns on deposits are 7.8% in the baseline model, and decrease to 7.7% in the model with TBTF
(50% bailout probability)**, equity issuance, and an 8% capital requirement. Similarly, the volatility of the
returns is 15.9% in the baseline model, and is 13.4% in the extension. The costs of servicing insured deposits,
cx, stays the same.

One reason why the extensions have a very small effect on the estimates is because they have offsetting
effects. First, adding TBTF has the smallest consequences. The mean and standard deviation of 7.4% and
14.7% are slightly lower than in the baseline model of 7.8% and 15.9%. Capital requirements and costs of
equity issuance have more pronounced effects on the estimates, but have offsetting effects. Introducing capital
requirements lowers the estimate of the return mean to 7.6%, but increases volatility to 18.4%. Conversely,
introducing capital requirements increases the mean to 8.2%, but decreases the volatility to 11.4%. Overall,

adding these extensions has little effect on the estimates from the model.

8.3.2 Capital Requirements

The second way we explore the consequences of various model extensions is to examine their effects on policy
counterfactuals. Specifically, we study how model perturbations alter the consequences of different capital
requirements. For each perturbation of the model, we use the corresponding calibrated parameters from
Table 6 Panel B. We compute all equilibria for each level of capital requirements w. The full extension
incorporates TBTF, equity issuance costs, and bankruptcy costs. We also impose an 8% capital requirement
when we calibrate the parameters. Then, to understand individual extensions better, we add each one of
them individually to the baseline model.

We plot the best and worst welfare equilibrium across capital requirements for each model perturbation

44In Table 6 we report the results assuming 50% bailout probability. In appendix Table A4 we report the corresponding
results where we examine bailout probabilities ranging from 0-75%.
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in Figure 6 Panels (a)-(e). From the figures, it is clear that adding all extensions to the model does little
to change our inference of the consequences of capital requirements. Even with 20% bankruptcy costs, 5%
issuance costs, and a 50% probability of bailouts, the main qualitative and quantitative predictions are intact.
As in the baseline model, capital requirements have a large effect on the welfare and default probabilities
in the worst equilibrium, but affect the best equilibrium little. Second, across model perturbations, there
is a large drop in the welfare of the worst equilibrium below capital requirements of 15-18%. Last, the
optimal capital requirement in the baseline model of 39% seems to not be robust, but is instead a local
optimum relative to model perturbations. When we add costly equity issuance or TBTF to the baseline
model, the slight increase in welfare for capital requirements is instead a slight decline, leading to a global

capital requirement optimum of 24%.

8.4 Risk Free Capital Requirements

One key reform of the Basel III accords is to require that banks hold sufficient high-quality liquid assets
resembling cash (the liquidity coverage ratio). In Section 7.3 capital requirements are invested in the same
asset as deposits. To approximate the liquidity coverage ratio requirement in our setting, we study the
consequences of investing capital requirements into a risk-free asset earning r. Broadly, risk-free capital re-
quirements decrease the attractiveness of capital requirements for equity holders because banks’ investments
are, on average, profitable. This implementation of capital requirements also decreases the FDIC default
costs. Because banks default when their investments have low returns, the assets invested by equity holders
can only repay a small share of depositors’ claims if they are co-invested with other assets. This is not the
case if capital requirements are held in safe assets. We present the best and worst welfare equilibrium for
each capital requirement in Figure 7.

Qualitatively, investment of capital requirements in the safe asset has two consequences. First, the
best and worst equilibrium with risk-free capital requirements are bounded by the corresponding equilibria
with risky asset capital requirements. Second, there is a large drop in the welfare of the worst equilibrium
below capital requirements of 14%, similar to the baseline model, and other model perturbations we have
explored. Similar to other extensions, the welfare of the worst equilibrium peaks at this capital requirement.
This extension suggests that the implementation of capital requirements can have interesting and important

consequences for the stability of the banking sector.
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8.5 Run-prone Insured Depositors

Our baseline model is motivated in large part by the U.S. banking system to which we apply the model.
Insured depositors trust the FDIC and are not sensitive to default, i.e., run prone. This assumption is
consistent with the anecdotal behavior of insured depositors in the last crisis. The “silent run” on Wachovia,
in which depositors withdrew almost $5 billion in a day was primarily driven by uninsured depositors, rather
than insured ones.*® Moreover, consistent with anecdotal evidence, we find that insured depositors are not
sensitive to bank distress.

However, one can consider situations in which depositors, even if they are insured, are sensitive to
default. For example, if there are delays in accessing payouts from deposit insurance, such as in India, then
insured depositors suffer in bank default even if they eventually recover their deposits (Iyer and Puri 2012).
Alternatively, if depositors believe that the banking system is likely subject to capital controls if banks are
close to defaulting, as has been recently the case in Greece, they may want to withdraw insured deposits
prior to bankruptcy as well. Or, insured depositors, being poorly informed, may believe that bankruptcy
will impair their access to deposits, even if that is not the case ex post. To broaden the scope of the model
and account for such phenomena, we modify the utility function of insured depositors, and allow them to be
sensitive to default as well:

I _ I I I, I
Wt = Qhp e+ Prt + O + € gy

In settings in which insured depositors are indeed run prone, one can estimate demand for insured deposits
using the same approach as we do for estimating demand for uninsured deposits. This modification of the
model does not affect the calibration of the supply side of the model.

While insured depositors in the U.S. are insensitive to distress in the data, we can still examine the
consequences of run-prone insured depositors on the stability of the U.S. banking sector. We recompute
equilibria using our calibrated values, but assume that insured depositors’ sensitivity to default is 50% of
that of the uninsured depositors, v/ = .5y. We choose a lower sensitivity of insured depositors to reflect
the idea that insured depositors generally do better in bankruptcy, even outside the U.S. We keep other
parameters of the model equal to the baseline.

We present the best and worst welfare equilibrium for each capital requirement in Figure 6 Panel (f). As
one would expect, the potential costs of instability are worse when the population of depositors is more run
prone. The worst possible equilibrium that can be obtained features welfare losses that are almost $1.2 trillion

larger than in the baseline model. Because runs are costlier in this setting, the largest possible gains from

45Rothacker, Rick (October 11, 2008). “$5 billion withdrawn in one day in silent run,” Charlotte Observer. Retrieved July
8, 2014.
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capital requirements in the worst equilibrium exceed those from the baseline model. Therefore, one might
conjecture that larger capital requirements could be required to eliminate bad equilibria. Instead, the benefits
from capital requirements are realized slightly faster, and peak for a capital requirement around 15-22%.
The driver seems to be increased complementarities between depositors. Because insured depositors behave
more like the uninsured depositors, the strategic complementarities between them are larger. The larger
complementarities lead to more extreme equilibria, both good and bad, as well as more abrupt transitions

between them.

9 Conclusion

Our paper develops a new empirical model of the banking sector, which emphasizes the feedback relationship
between the demand for uninsured deposits, demand for insured deposits, financial health of banks, and bank
competition. One advantage of our model is that we are able to take it to the data and quantify the forces
that determine the strength of the feedback between deposits and financial distress. Our central finding is
that the large amounts of uninsured deposits in the U.S. commercial banking system can lead to unstable
banks, given the elasticity of deposits to financial distress.

We then use our calibrated model to assess some recent and proposed bank regulatory changes. The
results suggest that accounting for heterogeneity in banks and in depositors’ preferences is important, because
policies produce asymmetric effects across banks (both positive and negative). For example, limits on insured
deposit interest rates eliminate the possibility of the worst equilibria in terms of default rates, but also allow
for equilibria with a significantly contracted amount of banking services provisions. We evaluate bank
stability and welfare under different capital requirements, and find that banking stability and welfare do not
necessarily go hand in hand. Increasing capital requirements past a certain point decreases welfare even if
it increases banking stability. Last, we show how to use the model to evaluate optimal capital requirements.
Overall, we provide a workhorse model that allows us to evaluate the stability of the banking system in the

presence of run-prone uninsured deposits.

10 References

Acharya, V.V, and N. Mora. “A crisis of banks as liquidity providers.” The Journal of Finance
70(1): 1-43.

Acharya, V.V., P. Schnabl, and G. Suarez. 2013. “Securitization without risk transfer.” Journal
of Financial Economics 107: 515-536.

Aguirregabiria, V., R. Clark, and H. Wang. 2013. “Diversification of geographic risk in retail
bank networks: Evidence from bank expansion after the Riegle-Neal Act.” Unpublished

43



manuscript.

Allen, F. and D. Gale. 2004. “Financial intermediaries and markets.” FEconometrica 72(4):
1023-1061.

Basel Committee on Banking Supervision. 2013. “Basel III: The Liquidity Coverage Ratio and
liquidity risk monitoring tools” Bank for International Settlements

Berry, S. 1994. “Estimating discrete-choice models of product differentiation.” The RAND
Journal of Economics 25(2): 242-262.

Berry, S., J. Levinsohn, and A. Pakes. 1995. “Automobile prices in market equilibrium.” Econo-
metrica 63(4): 841-890.

Boyd, J.H., and G. De Nicolo. 2005. “The theory of bank risk taking and competition revisited.”
The Journal of Finance 60(3): 1329-1343.

Calomiris, C. and J. Mason. 2003. “Fundamentals, panics, and bank distress during the Depres-
sion.” American Economic Review 93(5): 1615-1647.

Chari, V.V. and R. Jagannathan. 1988. “Banking panics, information, and rational expectations
equilibrium.” The Journal of Finance 43(3): 749-761.

Chen, Q., I. Goldstein, and W. Jiang. 2010. “Payoff complementarities and financial fragility:
Evidence from mutual fund outflows.” Journal of Financial Economics 97: 239-262.

Cook, T. 1978. “Regulation Q and the behavior of savings and small time deposits at commercial
banks and the thrift institutions.” FRB Richmond Economic Review 64(6): 14-28.

Cooper, R. and T.W. Ross. 1998. “Bank runs: Liquidity costs and investment distortions.”
Journal of Monetary Economics 41(1): 27-38.

Corbae, D. and P. D’Erasmo. 2013. “A quantitative model of banking industry dynamics.”
Unpublished manuscript.

Corbae, D. and P. D’Erasmo. 2014. “Capital requirements in a quantitative model of banking
industry dynamics.” Unpublished manuscript.

Covitz, D., N. Liang, and G. Suarez. 2013. “The evolution of a financial crisis: Panic in the
asset-backed commercial paper market.” The Journal of Finance 68(3): 815-848.

Diamond, D. and P. Dybvig. 1983. “Bank runs, deposit insurance, and liquidity.” Journal of
Political Economy 91(3): 401-419.

Dick, A. 2008. “Demand estimation and consumer welfare in the banking industry.” Journal
of Banking and Finance 32(8): 1661-1676. Eavis, P. “Banks ordered to add capital to limit
risks.” The New York Times, April 9, 2014.

Fahri, E., M. Golosov and A. Tsyvinski. 2009. “A theory of liquidity and regulation of financial
intermediation.” The Review of Economic Studies 76(3): 973-992.

Federal Deposit Insurance Corporation. Changes in FDIC Deposit Insurance Coverage. Available
at: http://www.fdic.gov/deposit/deposits/changes.html. Accessed: 05/04/2014.

Freixas,X. and J.-C. Rochet. 2008. Microeconomics of Banking. 2nd ed. Cambridge, MA: The
MIT Press.

Gertler, M. and N. Kiyotaki. 2015. “Banking, liquidity and bank runs in an infinite-horizon
economy.” American Economic Review 105(7): 2011-2043.

Gilboa, I. and D. Schmeidler. 1989. “Maxmin expected utility with a non-unique prior.” Journal
of Mathematical Economics 18(2): 141-153.

Goldstein, 1. 2013. “Empirical literature on financial crises: Fundamentals vs. panic,” in Gerard
Caprio, ed., The Ewvidence and Impact of Financial Globalization. Amsterdam: Elsevier,
523-534.

Goldstein, I. and A. Pauzner. 2005. “Demand-deposit contracts and the probability of bank
runs.” The Journal of Finance 60(3): 1293-1327.

44



Gorton, G. 1988. “Banking panics and business cycles.” Ozxford Economic Papers 40: 751-781.

Granja, J, G. Matvos, and A. Seru. 2015. “Selling failed banks.” Working Paper No. 20410,
National Bureau of Economic Research.

Hausman, J. 1996. “Valuation of new goods under perfect and imperfect competition,” in T.
Bresnahan and R. Gordon, eds., The Economics of New Goods. Studies in Income and
Wealth Vol. 58. Chicago: National Bureau of Economic Research, 209-248.

Hanson, S.G., A. Shleifer, J.C. Stein and R.W. Vishney. 2015. “Banks as patient fixed-income
investors.” Journal of Financial Economics 117(3): 449-469.

Hellmann, T., K. Murdock and J. Stiglitz. 2000. “Liberalization, moral hazard in banking, and
prudential regulation: Are capital requirements enough?” American Economic Review 90(1):
147-165.

Hennessy, C., and T. Whited. 2007. “How costly is external financing? Evidence from a struc-
tural estimation.” Journal of Finance 62(4): 1705-1745.

Hirtle, B, A. Kovner, J. Vickery, and M. Bhanot. 2015. “Assessing Financial Stability: The
Capital and Loss Assessment under Stress Scenarios (CLASS) Model” Federal Reserve Bank
of New York Staff Reports, No. 663

Hortagsu, A., G. Matvos, C. Shin, C. Syverson, and S. Venkataraman. 2011. “Is an automaker’s
road to bankruptcy paved with customers’ beliefs?” The American Economic Review 101(3):
93-97.

Hortagsu, A., G. Matvos, C. Syverson, and S. Venkataraman. 2013. “Indirect costs of financial
distress in durable goods industries: The case of auto manufacturers.” Review of Financial
Studies 26(5): 1248-1290.

Hull, J. 2012. Options, futures and other derivatives. 8th ed. Upper Saddle River, NJ: Prentice
Hall.

Iyer, R. and M. Puri. 2012. “Understanding bank runs: The importance of depositor-bank
relationships and networks.” American Economic Review 102(4): 1414-1445.

Jacklin, C.J. and S. Bhattacharya. 1988. “Distinguishing panics and information-based bank
runs: Welfare and policy implications.” Journal of Political Economy 96(3): 568-592.

Jank, S., and M. Wedow. 2010. “Sturm und Drang in MMMFs: When MMMFs cease to be
narrow.” Working Paper, University of Cologne and ECB.

Kashyap, A.K., D.P. Tsomocos and A.P. Vardoulakis. 2014. “Does macroproduential regulation
change bank credit supply?” Working Paper.

Kacperczyk, M., and P. Schnabl. 2013. “How safe are money market funds?” Quarterly Journal
of Economics 128(3): 1073-1122.

Keeley, M. 1990. “Deposit insurance, risk and market power in banking.” American Economic
Review 80(5): 1183-1200.

Kelly, M., and C. O Grada. 2000. “Market contagion: Evidence from the panics of 1854 and
1857.” American Economic Review. 90(5): 1110-1124.

Leiber, R. “F.D.I.C. is watching as a bank sets rates” The New York Times, June 13, 2009.

Leland, H.E. 1994. “Corporate debt value, bond covenants and optimal capital structure.” Jour-
nal of Finance 49(4): 1213-1252.

Martinez Peria, M.S. and S.L. Schmukler. 2001. “Do depositors punish banks for bad behavior?
Market discipline, deposit insurance, and banking crises.” The Journal of Finance 56(3):
1029-1051.

Matutes, C. and X. Vives. 1996. “Competition for deposits, fragility and insurance.” Journal of
Financial Intermediation 5(2): 184-216.

Matvos G., and A. Seru. 2014. “Resource allocation within firms and financial market dislocation:
Evidence from diversified conglomerates.” Review of Financial Studies 27(4): 1143-1189.

45



Morris, S. and H.S. Shin. 1998. “Unique equilibrium in a model of self-fulfilling currency attacks.”
American Economic Review 88(3): 587-597.

0 Gréda, C., and E. White. 2003. “The panics of 1854 and 1857: A view from the emigrant
industrial savings bank.” Journal of Economic History 63(1): 213-240.

Peck, J. and K. Shell. 2003. “Equilibrium bank runs.” Journal of Political Economy 111(1):
103-123.

Postlewaite, A. and X. Vives. 1987. “Bank runs as an equilibrium phenomenon.” Journal of
Political Economy 95(3): 485-491.

Rochet, J-C. and X. Vives. 2004. “Coordination failures and the lender of last resort: Was
Bagehot right after all?” Journal of the European Economic Association 2(6): 1116-1147.

Schmidt, L., Timmermann, A., and R. Wermers. 2014. “Runs on money market mutual funds,”
Working Paper.

Schroth, E., G. Suarez, and L.A. Taylor. 2014. “Dynamic debt runs and financial fragility:
Evidence from the 2007 ABCP crisis.” Journal of Financial Economics 112(2): 164-189.

Schumacher, L. 2000. “Bank runs and currency run in a system without a safety net: Argentina
and the ‘tequila’ shock.” Journal of Monetary Economics 46(1): 257-277.

Strahan, P. and B. Tanyeri. 2015. “Once burned, twice shy? Money market fund responses to a
systemic liquidity shock.” Journal of Financial and Quantitative Analysis 50(1-2):119-144.

Tirole, J. 2006. The Theory of Corporate Finance. Princeton, NJ: Princeton University Press.
Uhlig, H. 2010. “A model of a systemic bank run.” Journal of Monetary Economics 57(1): 78-96.

Villas-Boas, S.B. 2007. “Vertical relationships between manufacturers and retailers: Inference
with limited data.” The Review of Economic Studies 74(2): 625-652.

Yingling, E.L. 2009. “Open letter to Shelia Bair.” American Bankers Association, May 27, 2009.
http://www.aba.com/Issues/Documents /f770ac95973e4a7085e69a3ad35fb68eFDIC_Ally_Bank_090527.pdf

46



FIGURE 2: CALIBRATED NON-INTEREST COST OF INSURED DEPOSITS
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Notes: Figure 2 plots the calibrated non-interest cost of insured deposits as of 03/31/2008.

FIGURE 3: CALIBRATED MEAN RETURN ON DEPOSITS
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Notes: Figure 3 plots the calibrated mean return on deposits as of 03/31/2008.

FIGURE 4: CALIBRATED STANDARD DEVIATION OF RETURN ON DEPOSITS
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Notes: Figure 4 plots the calibrated standard deviation of the return on deposits as of 03/31/2008.
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FIGURE 5: CAPITAL REQUIREMENTS

PANEL A: Banking Stability and Capital Requirements
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FIGURE 5: CAPITAL REQUIREMENTS

PANEL C: Consumer Surplus and Capital Requirements
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PANEL D: Flow to Equity and Capital Requirements
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PANEL E: FDIC Costs and Capital Requirements
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Notes: Figure 5 plots the probability of default (averaged across banks), welfare, consumer surplus, annualized
equity value, and expected FDIC losses in the worst and best equilibria as of 03/31/2008. The best/worst equilibria
are defined in terms of the relevant measure (probability of default, welfare, etc.). As detailed in the Appendix,
welfare, consumer surplus, annualized equity value, and expected FDIC losses are reported relative to their
respective values in the observed equilibrium.

Worst Equilibrium Best Equilibrium ‘
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FIGURE 6: CAPITAL REQUIREMENTS UNDER ALTERNATIVE SPECIFICATIONS
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Notes: Figure 6 Panels (a)-(f) plots the welfare in the worst and best equilibria as of 03/31/2008 as a function of capital
requirements for each model perturbation. The best/worst equilibria are defined in terms of welfare. As detailed in the
Appendix, welfare, consumer surplus, annualized equity value, and expected FDIC losses are reported relative to their
respective values in the observed equilibrium. The model pertubations reported in Panels (a)-(f) are as follows. In Panels (a),
(d), and (e), we calibrate to existing capital requirements of 8%. In Panels (b), (d), and (e), we allow for investors to
anticipate a too-big-to-fail policy where the government bails out uninsured depositors with 50% probability. In Panels (c),
(d), and (e), we calibrate the model with the deadweight cost of external financing, which is proportional to the amount of
funds injected, with a constant marginal cost of 5%. In Panel (e) we report the welfare corresponding to a bankruptcy cost of
20%. Last, in Panel (f) we report the results if insured depositors were also sensitive to bank default risk, with sensitivity

~! = .5v. Full details for each model perturbation are reported in Section 8 and the Appendix.
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FIGURE 7: RisKk FREE CAPITAL REQUIREMENTS
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Notes: Figure 7 plots the welfare in the worst and best equilibria as of 03/31/2008 as a function of capital
requirements. The best/worst equilibria are defined in terms of welfare. The black and gray solid lines plot
welfare in the worst/best equilibria in our baseline specification, where banks are allowed to co-invest the
required capital along with the bank’s deposits in the risky asset. The black and gray dashed lines plot
welfare in the worst/best equilibria if banks are required to co-invest the required capital in safe assets. Full
details for the alternative risk-free capital requirements model are discussed in Section 8.4 and the Appendix.
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TABLE 1: DEPOSIT LEVEL, INTEREST RATE AND CDS SUMMARY STATISTICS

Variable Obs Mean  Std.Dev. Min Max
Ins. Deposits ($bn) 566 141.0 162.0 11.27 845.6
Unins. Deposits ($bn) 566  160.8 205.2 4.083 939.0
CDS Spread 566  0.83% 0.88% 0.05% 5.47%
Deposit Spread (Min. Dep.=$10k) 566 -0.31%  0.71%  -2.66% 2.03%
Deposit Spread (Min. Dep.=$100k) 564 -0.22%  0.70%  -3.67% 2.03%

Notes: Table 1 displays the summary statics corresponding to our retail bank data set, which
consists of an unbalanced panel of sixteen of the largest U.S. banks over the period 2002-2013.
Observations are bank by quarter. We measure the level of insured and uninsured deposits as
per the FDIC’s Statistics on Depository Instutitions. We measure CDS at the monthly level
using the average daily CDS spread for the five-year CDS contract as reported by Markit. We
measure the deposit rate offered by each bank using the median one-year CD rate offered by
each bank across all of its branches in a given month as reported by RateWatch. We separately
examine the certificate of deposit rates offered for accounts with minimum deposit amounts of
$10k and $100k. We report the deposit rate spread, which reflects the one-year certificate of

deposit rate relative to the corresponding one-year treasury rate.

TABLE 2: DEPOSITS AND FINANCIAL DISTRESS

Unins. Deposits

Unins Deposits

Ins. Deposits

Prob of Default

Share Difference (Unins.-Ins.)
Quarter Fixed Effects

Bank Fixed Effects
Observations

R-squared

-1.98%*

(0.

96)

X
X
X
566
0.949

-2.13*
(1.14)

X
X
566

0.970

-0.16
(1.04)

X
X
566
0.948

Notes: Table 2 displays the regression of a bank’s logged deposit share on its probability
of default. Each regression is estimated using an unbalanced panel of sixteen of the largest
U.S. banks with quarterly observations over the period 2002-2013. All specifications control
for the number of bank branches. Robust standard errors in parentheses. *** p<0.01, **

p<0.05, * p<0.10.
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TABLE 3: DEMAND ESTIMATES

Demand Estimates

Unins. Deposits Ins. Deposits

Placebo for Default Prob
Ins. Deposits

(1) 2) 3) (4) () (6) (7)
Deposit Rate 12.62* 18.21%*%  16.64*** 58.TgHH* 59.70%F*  54.96%**  55.35%**
(7.49) (6.08) (5.80) (8.16) (8.63) (8.14) (8.18)
Prob of Default -18.61***  -10.66*  -12.60** 4.01 -2.86 -1.79
(7.21) (5.83)  (5.29) (5.66)  (5.33) (4.33)
IV-0 (Pass-Through) X X X X X X X
IV-1 (CMOs) X X X X
IV-2 (Loans) X X X X
Observations 564 564 564 566 566 566 566
R-squared 0.958 0.966 0.964 0.917 0.915 0.921 0.921

Notes: Table 3 displays the demand estimates for uninsured and insured deposits. The dependent variable in each
specification is the log of a bank’s market share. Each demand specification is estimated using an unbalanced panel of
sixteen of the largest U.S. banks with quarterly observations over the period 2002-2013. Each observation is weighted
by the square root of the market size. All specifications include bank and quarter fixed effects and control for the
number of bank branches. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.10.
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TABLE 4: MULTIPLE EQUILIBRIA 2008

Obs (2) (3) (4) (5) (6) (7)
Insured Interest Rate
JPMorgan Chase 1.73%  0.98% 2.46% 2.65% 2.44% 10.48% 3.17%
Bank of America 1.98% 1.53% 2.13% 7.33% 2.14% 2.44% 2.46%
Wells Fargo 2.13%  2.05% 10.04% 3.06% 3.04% 3.58% 3.68%
Citi Bank 2.23%  2.11% 3.01% 3.21% 2.98% 3.72% 12.26%
Wachovia 2.08%  2.04% 2.59% 2.62% 8.75% 2.93% 2.98%
Uninsured Interest Rate
JPMorgan Chase 1.73%  0.94% 2.41% 2.56% 2.39% 20.35% 3.02%
Bank of America 1.97%  1.40% 1.94% 11.43% 1.96% 2.23% 2.24%
Wells Fargo 2.32%  2.25% 17.41% 3.21% 3.20% 3.711% 3.81%
Citi Bank 2.23%  2.13% 2.94% 3.09% 2.92% 3.52% 24.35%
Wachovia 2.23%  2.19% 2.67% 2.711% 14.06% 3.00% 3.04%
Probability of Default
JPMorgan Chase 1.50%  0.19% 2.86% 3.29% 2.83% 48.35% 4.37%
Bank of America 1.82%  0.03% 1.85% 53.34% 1.94% 3.21% 3.27%
Wells Fargo 1.50%  1.34% 46.61% 3.56% 3.49% 4.81% 5.06%
Citi Bank 211%  1.92% 3.36% 3.74% 3.33% 4.63% 48.20%
Wachovia 3.28%  3.14% 4.74% 4.92% 52.08% 5.96% 6.12%
Insured Deposit Share
JPMorgan Chase 3.38%  2.26% 1.00% 1.84% 1.30% 83.89% 0.91%
Bank of America 9.26%  7.39% 1.94% 68.34% 2.57% 1.75% 1.42%
Wells Fargo 3.99%  3.96% 80.41% 2.19% 1.73% 1.35% 1.14%
Citi Bank 2.07%  2.00% 0.63% 1.17% 0.82% 0.72% 86.68%
Wachovia 581%  5.89% 1.51% 2.53% 74.47% 1.38% 1.14%
Cumulative Share 24.51% 21.50%  85.49% 76.08% 80.88% 89.09% 91.29%
Uninsured Deposit Share
JPMorgan Chase 15.86% 16.06% 15.96% 16.62% 16.06% 1.19% 17.09%
Bank of America 9.23%  10.32% 9.76% 0.08% 9.75% 10.03% 10.04%
Wells Fargo 4.30%  4.25% 0.19% 4.40% 4.16% 4.43% 4.39%
Citi Bank 16.80% 16.58% 17.23% 18.04% 17.33% 18.79% 2.51%
Wachovia 4.74%  4.70% 4.52% 4.77% 0.08% 4.76% 4.73%
Cumulative Share 50.93% 51.91%  47.67% 43.91% 47.36% 39.19% 38.77%
FDIC Ins. Cost $14bn $8bn $1,002bn $979bn $1,037bn  $1,086bn  $1,118bn
Change in Welfare - $20bn  -$1,143bn  -$1,205bn  -$1,221bn  -$1,332bn  -$1,365bn

Notes: Column (1) displays the observed equilibrium as of 3/31/08. Column (2) displays the best potential
equilibrium in terms of welfare. Columns (3)-(7) display potential bank-run equilibria. Equilibria are ordered
by welfare. As detailed in the Appendix, welfare is reported relative to its respective values in the observed
equilibrium, assuming a bankruptcy cost of 20%. We do not report all potential equilibria. For ease of
exposition, we omit equilibria where the cumulative difference in default probabilities is within 10% of a
reported equilibrium. Cells highlighted in red indicate that the probability of default is greater than 40%.
FDIC insurance cost reflects the total expected insurance payout for the five major banks. We calculate the
expected insurance payout as the weighted sum of insured deposits weighted by the probability of default,
assuming a 40% recovery rate.
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TABLE 5 - PANEL A: COUNTERFACTUAL ANALYSIS - FDIC INSURANCE

Bank Prob. of Default. Counterfactual A Ins. Cost
JPMorgan Chase 1.50% 1.51% $50m
Citi Bank 2.11% 2.13% $76m
Bank of America 1.82% 1.84% $56m
Wells Fargo 1.50% 1.51% $17m
Wachovia 3.28% 3.30% $67m

Notes: Column (1) displays the realized equilibrium probability of default
as of 03/31/2008. Column (2) displays an equilibrium probability of de-
fault if the FDIC were to insure an additional 1% of uninsured deposits.
The additional insured deposits are assumed to be treated as a new type
of deposit that is valued by consumers similarly to uninsured deposits,
except that depositors are insensitive to default risk (i.e., v = 0). We cal-
culate and select the reported new equilibrium using a non-linear equation
solver (we use the R package NLEQSLV with Broyden’s Method) initiated
at the observed equilibrium. Column (3) displays the change in the hy-
pothetical equilibrium cost of the FDIC policy change relative to the old
policy. We calculate the cost change as the difference in expected insur-
ance payout. We calculate the expected insurance payout as the weighted
sum of insured deposits weighted by the probability of default, assuming
a 40% recovery rate. Negative values represent a surplus to the FDIC.

TABLE 5 - PANEL B: COUNTERFACTUAL ANALYSIS - FDIC INSURANCE

Bank Prob. of Default. Counterfactual A Ins. Cost
JPMorgan Chase 1.50% 1.37% -$95m
Citi Bank 2.11% 2.02% -$51m
Bank of America 1.82% 1.72% -$174m
Wells Fargo 1.50% 1.42% -$67m
Wachovia 3.28% 3.20% -$82m

Notes: Column (1) displays the realized equilibrium probability of default
as of 03/31/2008. Column (2) displays an equilibrium probability of de-
fault if the FDIC were to insure an additional 1% of uninsured deposits.
The additional insured deposits are assumed to be treated identically to ex-
isting insured deposits. We calculate and select the reported new equilib-
rium using a non-linear equation solver (we use the R package NLEQSLV
with Broyden’s Method) initiated at the observed equilibrium. Column
(3) displays the change in the hypothetical equilibrium cost of the FDIC
policy change relative to the old policy. We calculate the cost change as
the difference in expected insurance payout. We calculate the expected
insurance payout as the weighted sum of insured deposits weighted by
the probability of default, assuming a 40% recovery rate. Negative values
represent a surplus to the FDIC.
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TABLE 6 - PANEL A: ALTERNATIVE SPECIFICATIONS, CALIBRATED PARAMETERS

Calibration/Model Mean Return Std. Dev. of Returns Non-Interest Cost
(1) (o) (c)
Baseline Model 7.80% 15.94% 4.67%
Alternative Specifications:
Capital Req.(8% ) 7.56% 18.38% 4.67%
Capital Adj. Costs (5%) 8.19% 11.35% 4.67%
TBTF (50%) 7.40% 14.72% 4.67%
Capital Rq., Adj. & TBTF (50%) 7.68% 13.38% 4.67%

TABLE 6 - PANEL B: ALTERNATIVE SPECIFICATIONS, OPTIMAL CAPITAL REQUIREMENT

Calibration/Model Optimal Capital Req.
K

Baseline Model 39%
Alternative Specifications:

Insured Depositor Run 22%

Capital Req.(8% ) 42%

Capital Adj. Costs (5%) 16%

TBTF (50%) 24%

Capital Rq., Adj. & TBTF (50%) 24%

Capital Rq., Adj., TBTF (50%) & Bankruptcy Costs (20%) 24%

Notes: Table 6 Panels A and B display the calibrated parameters and optimal capital requirements under the
alternative model specifications as of 3/31/2008. Panel A displays the average of the calibrated parameters
(1, o, ¢) under each specification. Panel B displays the optimal capital requirement. The optimal capital
requirement maximizes welfare, given that the worst equilibrium outcome (in terms of welfare) is realized.
The alternative model specifications reported in Panel A are as follows. First, we calibrate the model to
existing capital requirements of 8%. Second, we calibrate the model where investors anticipate a ”Too
Big To Fail” (TBTF) policy where the government bails out uninsured depositors with 50% probability.
Third, we calibrate the model with capital adjustment costs (deadweight cost of external financing), which
is proportional to the amount of funds injected, with a constant marginal cost of 5%. And last, we calibrate
the model to existing capital requirements, under the TBTF policy and with capital adjustment costs. We
examine the optimal capital requirements if insured depositors are run prone (sensitivity 4/ = 0.5y) and
with bankruptcy costs of 20%. The addition of bankruptcy costs and/or run-prone insured depositors does
not impact the calibration of the model. The details of each alternative specification are discussed in Section
8 and the Appendix.
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Appendix For Online Publication

Appendix A: Model Extensions and Alternative Specifications
A.1 Too Big To Fail

Characterization:

We model too big to fail (TBTF) as a government bailout of uninsured creditors of banks, which prevents a
bank from entering bankruptcy. The bailout has to be uncertain, otherwise uninsured depositors would not
be responsive to changes in bankruptcy probability, which is what we find in the data. In the event that
profits are low enough that the equity holders of the bank would be willing to let the bank fail R+ < Ry, the
government initiates a bailout with with probability prprr < 1. The government provides just enough funds
to make equity holders indifferent to bank default Mlsiyt (Rkﬂg — Rk) + MNs,i\{t (Rk,t — Rk). In this way,
the TBTF transfers funds to equity holders of the bank, but does not make them better off. The probability
that returns are low and the bank might default is py ; = Pr (Rk,t < Rk) =& (R’“Ji;‘““) If depositors are not
bailed out, with probability (1 — prprF), they lose utility flow yr > 0. Therefore, they suffer an expected
utility loss of pg ¢ (1 — prerr)yr. The total indirect utility derived by an uninsured depositor j from bank

k at time ¢ is then as follows:

uhe = aip, — pry (1= prore) ve + 6 +€hps-

The TBTF version of the model implies that the probability of default that matters for uninsured depositors
is pg (1 — prerr), which includes the probability of bailout and which is what we measure in the data.
Therefore, including TBTF has no impact on the estimation of demand or depositor behavior. The same is
the case for equity holders of the bank: their bankruptcy decision, as well as deposit pricing, only depends on
the overall sensitivity of uninsured depositors to default. Because the transfers they obtain are used to pay
depositors and bond holders, they realize no net gains, and do not alter their behavior. Hence, the bank’s

first order conditions for deposit rate setting and bankruptcy remain:

1
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) ) L (MTsh o+ MVl ) (1- @ (B ) )
Bankruptcy: bk—(MIsi’t (Re — e — zét) + MNSkN)t (Ri — livt)) = m ~ ! . o .
X ((,LLk — Rk) + oA (%))

Calibration:

Although the Too-Big-to-Fail provision described above does not change a bank’s interest rate and bankruptcy
decision, TBTF does impact the probability a bank defaults and thus changes the calibration of the model.
Because the TBTF provision does not impact the bank’s first order conditions, we can calibrate the model

using the same set of equations for each bank:

= (4 —— ) = (i ——
P (1—sM)aN P (1 - sh)al

(1+r) ; 1 N NN 1 N
MTst+MN sl (bk + Mlsi (ZN + aN(ll—siv) B a“l—si)) +M Sk Uk > - (1 + ’I") (a(l—sjkv) + (2 )
(@~ (o)) + @ (o) (o + 1) — (L +T)A (27 (pr))

O =

1

M = Zév — Ok ((I)_l(pk)) + m
k

As illustrated in the above equations, calibrating the model requires knowledge of the probability that the
bank experiences a return shock below the bankruptcy threshold Ry, pp = Pr (Rk,t < F_{k) =0 (R’“Ui;*“‘) ,
which is not directly observed in the data. Rather, in the data we observe the risk-neutral probability of

default, which now comprises the probability that a bank’s returns are below the threshold value R;, and

the probability that the government does not bail out the bank,

Ry, —
Risk Neutral Probability of Default: ® (’“ Hit ) (1—prerr)-
ok

With knowledge of prprr, we can calculate py from the risk-neutral probability of default and calibrate the

model using the above equations for c, ox and puy.

A.2 Capital Requirements: Risky Assets

Characterization:
We implement capital requirements by requiring equity holders to co-invest a x share of deposits and coupon
K

payments every period, (bk + MIs,IC’t + MNskN)t), leading to a capital requirement of w = f-. This
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additional capital is invested along with deposits and is lost if the firm defaults. Therefore, if the bank
wants to raise additional deposits, equity holders have to supply additional capital. Capital requirements
also make bankruptcy more costly as equity holders lose their co-invested capital k (b;€ + M Si,t + MY sffv t)
in the event of a default. Through these channels, capital requirements directly impact a bank’s deposit
rate-setting and optimal bankruptcy decisions. Conversely, the addition of capital requirements does not
affect the behavior of consumers, other than through the impact capital requirements have on the behavior
of banks.

Under the capital requirements specification, the total net period profits of a bank are equal to the net

returns on deposits plus the net return on co-invested capital,

Tt = Mlsét (Rkﬂg —cp — Z;it) + MNskN,t (Rk,t — z,lﬁvt) + K (bk + Mlsét + Mngt)(Rm —7).
P

Invested Capital Net Return

The term & (bk + Mlsi,t + MNskN7t) represents required invested capital, R is the return on both deposits
and capital, and r is the cost of capital.

Capital requirements impact a bank’s decision to default by impacting the bank’s net period profits and
cost of default. Recall that after the realization of the profit shock Rj:, the bank has to repay deposi-
tors and the bond payment bg. If profits are lower than the required payment, the equity holders have
to either provide the funds to make up the shortfall or default. The shortfall that equity holders have
to finance comprises the net profits (or losses) of the bank after repaying depositors and bond payments
M'sj (Rk,t —cp — z£t> + MNsy, (Rk7t - zgt) +x (bk +M's] , + Mstc\{t) (R, — ) — by Equity hold-
ers choose to finance the shortfall and remain in business as long as the value of remaining in business

(shortfall plus future franchise value Ej) exceeds the cost of default,

I.I - N N N
Mt (Ria— =ik, ) + MY, (Ruo— i,

I I N N 1
th (bk +M Sk’t +M sk’t> (Rk’t B ’I’) N bk + mEk Cost of Default

> —k (b + M sp+ MV sy).

Value of Staying in Business
Again, the expression implies a cut-off strategy for the firm. If the return the bank earns on deposits Ry, ;
falls below some level Ry, the equity holders will not inject funds and the bank will default. Otherwise, the
equity holders will choose to repay the deposits and the debt coupon. Ry is then implicitly defined as the

level of bank profitability at which equity holders are indifferent between defaulting and financing the bank.
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Solving for the optimal cut-off rule as above and in Hortagsu et al. (2011) we obtain the condition:

~ —H(Mlsi—l—MNséV—l—b)
bk(lfn)fMIsét (kack—iitfn)
v ' 1 —&-[(Mlsit—&—Mngt)(l—&—m)—i—bﬁ]
~MNs, (R =il - ) =7 ’ :
’ J +r X(l_q)(Rk;k#k))

X ((uk — Ri,) + oxA (R_"Ui_k‘““)>

—r (by + M5+ MNsY, ) (Re — )

Capital requirements also impact a bank’s optimal deposit rate decision. Banks set the deposit rate for
insured and uninsured deposits to maximize the expected return to equity holders. The corresponding equity

value at the beginning of the period is

I (0 1 .
M Skt (Zk,t’ l—k,t) (Rk,t —Ck — lk,t)

< | +MNsN (iN AN 60 PRty Pk ) (Rk: —ijy) Ri
Ey = may [ koot \ hyto 1ok, tr Phst t & Uy dF(RM)f/ [ (b + MTsL, + MV sN)] dF (Ry,,).
Yost st Pk +K (bk + Mlsi,t + MNS]k\{t) (Rit—) e
i —bk + 75 Ei ]

By comparing equity value in the baseline model with the capital requirements model, we see how the addition
of capital requirements impacts the deposit rate decision through two channels. First, capital requirements
impact a bank’s net period profits through the term x (bk. + Mlsé)t + MstXt) . Second, capital requirements
make default expensive for equity holders since equity holders lose their invested capital in the event of a
default. The cost of default born by equity holders depends directly on the deposit rate offered, because the
required capital is tied to the level of deposits. The corresponding first order conditions for setting insured

and uninsured deposits are given by:

R — T 1 R — g, R — g
1 14 R)—ep—il g ——— | [1-a — kD
e ( +/‘€)+0’k)\< o )( +R) = Cp — i), — KT a’(lsit)] [ ( - )] K ( - )

)

Ry, — N 1 R — R — py
1 P (Al IVE IR S Y — R (o | g (L
pi(1+ K) + ok < - >( +K) =iy — kT aN(l—S;IXt)][ < - K o

Calibration:
In Section 8, we examine how incorporating existing capital requirements impacts our calibrated supply-side
parameters. As in the baseline model, we calibrate the supply-side parameters (ck, oy, and u) using revealed

preferences of banks. Specifically, we use the bank’s first order conditions for setting insured and uninsured
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deposit rates along with the bank’s bankruptcy cut-off condition to solve for the supply-side parameters.
Rearranging the above bank optimality conditions, we solve for closed-form solutions for the bank-specific

parameters cy, oy , and j2%:

o= (i —— ) = (i ——
P (1—sM)aN P (- sh)al

(Mlsi"'MNslkNkuuin) (bk(l — k) + M st(cr +it, — k) + MY sy (in — k) + w(MTsf + MNsp + by) (ﬁlr —‘,—r))

(1+7r)
*(%)+ig+ﬁr+ﬁ

1—pk sy)

o A+ R 6@ (00) + & (or) (o +7) — (L+ DA (o))

(%) +i + 877+ g — oA (@7 00) (L4 4)

k

1+k

Hie =

Risk Free Capital Requirements:
The model is easily extended to allow for other implementations of capital requirements. One such imple-
mentation we investigate is a policy under which equity holders are required to co-invest a x share of deposits
and coupon payments every period, s (b;C + M Sét + MN skN t) , where the additional capital is invested in
the risk-free asset. In the previous implementation of capital requirements we considered, bank capital
requirements were invested in the same risky asset as deposits.

Under the risk-free capital requirements version of the model, the net period profits of a bank are identical

to the baseline model,

Ty = M"sf, (Riy — o — i) + MV sy (Rie —iny) -

Risk-free capital requirements do not impact the period net profits of the bank because the required capital
is invested in the risk-free asset (x(by + Mlsi_’t + MNS;X:&) (r—r)=0).

Risk-free capital requirements still make bankruptcy more costly for equity holders. In the event of a
default, equity holders must forfeit the required capital. Under the risk-free capital requirement, equity
holders choose to finance the shortfall and remain in business as long as the value of remaining in business

(shortfall plus future franchise value Ej) exceeds the cost of default,

46To avoid cluttered notation we omit the subscript t.
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Mjsiyt (Rk,t — ¢ —ii’t) —l—Mstxt (Rkt zkt) by + rEk > —K (bk—i-MIsk +MstCV).

Cost of Default

Value of Staying in Business

The optimal decision remains a cut-off strategy R}, for the firm. Solving for the optimal strategy, we obtain
(14 )
_ MTsT M~V
bk(l—lﬁ?)—MISLt(Rk_ck_ié,t_ﬁ) (Mlskt+MN5kt) + SN,

f : - a (i)
*MNSkN)t (Rk*i]k\{tfﬂ) 1+7r k

(= 7)o (2522 )

The addition of risk-free capital requirements also impacts a bank’s optimal deposit rate decision through
its effect on the cost of default. Banks set the deposit rate for insured and uninsured deposits to maximize

the expected return to equity holders which is given by

M's, (lec 1 t) (Rk,t —cr — 1, t) _
o] ’ ’ ’ ’ Ry,
Ek - maX / +MNS£X,5 <i{€\tt7i1§k t7pk,t; P—k,t) (Rk',t - lljc\ft) dF(Rk’t)_/ [ (bk + M sk‘ ,t + MNS]C t)] dF(Rk',t)'

N
Zk 'kt J R —o0

—bi + 1+7"E

The corresponding first order conditions for setting insured and uninsured deposits are given by

R — T 1 R — R —
A —cp—tp ———— | [1 =P —— || = kP
e+ O ( o ) kT al(l— sét)] [ ( Ok & Ok ’

Ry — N 1 R — R —
Y Qe [\ (R S QU Y L . Ly
b + ok ( o > Uk aN(l—sﬁt)]{ < o K o

A.3 Costly External Finance

Characterization:

In the baseline model, equity holders must inject additional funds in the event of a period shortfall to avoid
default. In Section 8, we relax the assumption that the injection of funds by equity holders is frictionless.
As an extension of the model, we include a deadweight cost of external financing, which is proportional to
the amount of funds injected, with a constant marginal cost of 7. Therefore, if equity holders realize a
shortfall of b — Mlsi,t (Rk,,t —cp — z£t> - MNskN’t (Rk ) t) they have to spend (1 + 74) times the

equity shortfall (rather than 1x the shortfall) in order to recapitalize the bank.
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With costly external financing, the firm’s net period profits on deposits remain the same as in the baseline

model,

Ty = M"sf, (Riy — cx — i) + MV sy (Rie —iny) -

If the firm’s net per period profits Mlséyt (Rkﬂg —cp — z£t> —&—MstXt (Rkﬂg — zfcvt) are less than its financing
costs by, its equity holders must either inject additional funds or declare bankruptcy. We let R} denote the

return at which the firm’s net period profits are equal to its additional financing costs by,

by + M skt(ck—i—zkt)—i—MNs Zkf
Mlsk’t—i—M sk’t '

R} =

If the realized return is below the threshold R}, equity holders must inject additional funds or default.

As in the baseline and the other alternative model specifications, a bank’s optimal bankruptcy decision
follows a cut-off rule. Equity holders choose to finance the shortfall as long as the franchise value next period
(evaluated today) exceeds the size of the shortfall they would have to finance, including the deadweight cost

of financing,

1
(L 7)) [Msfy (Riy — i —igy) + MY sy (Res —iny) — bi] + T B> 0.

Following Hortagsu et al. (2011) we solve for the optimal threshold Rj such that the equity holder is

indifferent between defaulting and not defaulting:

by — M'sp, (Rk = Ck _ié,t> C MIsp MY | (L) [uk+ak/\ <M> —Rk} [1 - (R’“Ui’k“’“)}
_MNSkt(Rk Zkt) - L+ —T+[ k+0k)\(R" “’“) —Rk} [1—@(@)}

k

(I474)

Accounting for potentially costly external financing also changes the bank’s optimal behavior on the
deposit side. Costly external financing makes adverse return shocks more costly as equity holders have to
cover (1 + 74) of the equity shortfall rather than just shortfall. Banks set deposit rates to maximize equity

value where equity value is given by
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No Shortfall

The difference between equity value in the baseline model and when we account for costly external financing
is that it changes the return on deposits if R < Rj. The corresponding first order conditions for setting

insured and uninsured deposit rates are given by

R — R —
0 = —1af(1—st,) [,uk +opA <kuk> —cp — it t} {1 - (kﬂk)]
, p” : o
Ry — Ry —
(147l (1—sf)) [Mk + oA <’“”k> e — iét} {1 — P ("U“’“ﬂ
k
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0 = —71.a¥(1— skt) [Mk + oA <uk> zivt} {1 -0 < k Mkﬂ
Ok Ok
Ry — Ry —
+(1 4+ 7)o (1 - s,lxt) {Hk + orA (kﬂk) - zfyt] [1 - <kukﬂ
Ok Ok
R* — R —
e [ () - (5]
Ok Ok
Calibration:
In Section 8, we recalibrate the model where we assume banks currently face a deadweight cost of external
financing. As in the baseline version of the model, we used revealed preferences of the bank to calibrate the

supply side parameters ¢, og, and uy for each bank. Specifically, we use the bank’s first order conditions for

each bank’s two deposit rates, and the bankruptcy decision to solve for the supply-side parameters. Unlike
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the baseline version of the model, we no longer have a closed-form solution for the supply-side parameters.
We numerically solve the system of equations, three equations for each bank, using a non-linear equation

solver.*?

Appendix B: Calculating Multiple Equilibria and Welfare
B.1 Multiple Equilibria

We search for multiple equilibria in the banking sector, given our parameter estimates. In equilibrium,
depositors are fully rational and select the utility maximizing bank such that optimal depositor behavior

results in the market shares characterized by

eacp(o/z‘,éyt + 5,€)
K K )
>oimy exp(aif , +6])

Sé,t (ié,n iIfk,t) =

exp(aif — pry + 0
K . .
>y eap(aNil — pry +61Y)

Similarly, banks optimally set deposit rates and optimally default. Each equilibrium consists of a set of bank

N (:N :N _
Skt (Zk,tvlfk,tvpk,tapfk,t) =

default probabilities and insured /uninsured deposit rates that satisfy each bank’s first-order conditions

_ _ (M ) (10 () )
Bankruptcy: bk—(MIsi’t (Rk —cp — zét) + MNskN’t (R;C — zgt)) = kit kot Tk ;

X <(Hk — Rk) + oA (%))

Ry — 1
Insured Deposits: i + orA (’cuk) — (Ck + il t) = ,
~—~ Ok ~ _ ((1 _ sl (il il )) al
mean return — me k,t> "=kt

limited liabillity
mark—up

mb

Ry — 1
Uninsured Deposits: px + oxA (kﬂk> - z‘i\ft = )
Tk <(1 - SkN,t (illc,t’ iI—k,tapk,tvP—k,t)> alv

Our equilibrium analysis focuses on the five largest banks, thus we search for multiple equilibria by finding
solutions to the system of fifteen nonlinear equations given by each bank’s first-order conditions. We search for
solutions to the system of equations using a non-linear equation solver initiated at a set of 1,953,125 different
starting points. Each starting point consists of a set of default probabilities and insured/uninsured deposit
rates. Specifically, we initiate a non-linear equation solver*® where we set each bank’s default probability to

either 0.0001%, 1%, 5%, 10%, 20%, 30%, 50%, 65%, or 90% (and all of the 5% possible combinations among

47Specifically we use the R package NLEQSLV and use Broyden’s Method with a tolerance of 10e-12.
48Specifically we use the R package NLEQSLV with Broyden’s method.
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banks) and set each bank’s offered insured/uninsured deposit rate to 1%. The tolerance for accepting a

solution to the fifteen nonlinear equations is 10e-10.
B.2 Welfare Calculations

We use the model to compare consumer surplus, annualized equity value, and FDIC insurance costs
across different equilibria. Each component of surplus is calculated as follows. From the logit demand

system, consumer welfare is given by:

CS—MI 1 K I-I 6] I C MN 1 a N:N 6N N C
= nZeXp(a iy, + 0 + &) + tx nzexp(a iy =Py +0p £&)+C ),
=1 1=1

where we have omitted the time subscripts and C' is the Euler-Mascheroni constant. We compute the value

of bank equity from the bank’s default condition:
Ep=1+7)[b—rb+Ms)+ M sy )(Ry — i) — M'sp(Ry, — ey — if + ) — MV sp (R, — iy, + )],

where k reflects capital requirements (x = 0 in the baseline case). The annualized equity value of all banks
is then given by:

K
AEV =) rE,.
=1

The expected payout of the the FDIC is equal to the weighted sum of insured deposits weighted by the

default probability, assuming a 40% recovery rate:

K
EC =0.6 Z o MLst.
=1

Last, we compute the change in welfare between counterfactual and the observed equilibrium as the change

in consumer surplus, annualized equity value, and FDIC insurance cost

AW = ACS + AAEV — AEC.

B.3 Optimal Capital Requirements

In Sections 7 and 8, we examine the effect of capital requirements on the space of potential equilibria
and calculate the optimal capital requirement under the max-min welfare criterion. Calculating the optimal

capital requirement under the max-min welfare criterion requires investigating the entire space of equilibria
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under each potential capital requirement. To calculate the optimal capital requirement, we compute the
space of equilibria for each level of capital requirements x, where we let x range from 0 to 50% in increments
of 2%.4° For each level of x, we search for all potential equilibria by finding solutions to the set of fifteen
first-order conditions, as described in Appendix B1. Mechanically, we search for multiple equilibria for each
level of capital requirements using an iterative procedure as follows. First, for each level of k, we initiate a
non-linear equation solver®® where we set each bank’s default probability to either 0.0001%, , 20%, 70%, or
90% (and all of the 5° possible combinations among banks) and set each bank’s offered insured/uninsured
deposit rate to 1%. This gives a set of equilibria for each level of . Second, for each level of k, we again
use a non-linear equation solver®! where we initiate the solver using the entire set of equilibria (across all
k) that we recovered in the first step. Given the full space of equilibria, we then compute welfare for each

equilibrium outcome and determine the optimal capital requirement under the max-min welfare criterion.

Appendix C: Risk Limits Counterfactual

The recent financial crises prompted regulators to examine putting risk limits on financial institutions. We
use our model to consider the effect of limiting the risk that banks are eligible to undertake. Specifically,
we impose a counterfactual policy in which banks are forced to hold securities/investments that cap the
standard deviation of income/returns op at 12.00%. For simplicity, we assume that all banks in excess of
the risk limit reduce og to 12.00% exactly. All five banks studied would be forced to reduce the volatility of
their returns.

Placing risk limits on banks produces two offsetting effects on the financial stability of banks. On one
hand, risk limits lower the probability that a bank experiences an adverse income shock; negative income
shocks are less common. On the other hand, risk limits lower the future value of the equity, which makes
default less costly.

Table A3 illustrates the equilibrium effect of the hypothetical risk-limit policy. We compute the new
equilibrium using a non-linear equation solver initiated at the observed equilibrium. The risk limit increases
the probability that each bank defaults. Overall, the calibration results suggest that imposing risk limits of
this form could be counterproductive. On average, the risk limit increases the probability that each bank
defaults by over 2.00% points. Although risk limits lower the volatility of bank returns, they also lower the

profitability of banks, which could potentially destabilize the banking sector.

4971 the baseline model we let x range from 0 to 50% in increments of 1%.
508pecifically we use the R package NLEQSLV with Broyden’s method.
518pecifically we use the R package NLEQSLV with Broyden’s method.
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FIGURE Al: DEMAND ESTIMATES - BANK BRAND/FIXED EFFECTS
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Notes: Figure A1l displays the estimated bank fixed effects corresponding to column (1) and (3) in Table 3.
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FIGURE A2: BANK BRAND/FIXED EFFECTS VS. BANK QUALITY
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Note: Figure A2 Panels (a)-(d) displays the regression of the estimated bank fixed effects on the number
of ATM machines operated by each bank and the number of customer complaints per customer filed with
the Consumer Finance Protection Bureau (CFPB). The estimated fixed effects correspond to the preferred
demand specifications which are reported in column (1) and (3) in Table 3. We calculate the number of ATM
machines operated by each bank using a new data set that includes the ATM locations for all major banks
as of 2015. We manually collected the ATM location data from a popular website that locates Mastercard
ATMs. We measure the number of complaints using the Consumer Financial Protection Bureau’s (CFPB)
newly available Consumer Complaint Database. We measure the quality of a bank’s services as the number
of complaints each bank received per bank account over the period July 2011-2015. We calculate the number
of bank accounts as of March 2015 from the FDIC’s Statistics on Depository Institutions.
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TABLE Al - PANEL A: MULTIPLE EQUILIBRIA 2007

Obs  (2) ®3) 4) (5) (6) (M 3 9) (10) (11) (12) (13)

Insured Interest Rate

JPMorgan Chase 3.68% 4.04% 81.87% 76.65% 76.62% 4.63% 75.02% 4.67%  4.42% 4.61% 4.42% 4.88%  11.93%
Bank of America 3.59% 4.08% 80.06% 4.43%  4.45% 71.29% 72.96% 71.26% 4.42% 9.44% 4.40% 4.81% 4.71%
Wells Fargo 417% 481% 729% 7.73% 1.76%  7.92% 7.93% 7.95% 12.44%  6.03% 6.03% 6.72% 6.34%
Citi Bank 421% 519% 5.64% 4.09% 6.71% 4.07% 7.07% 7.10%  6.36% 6.46% 6.27%  14.26%  6.79%
Wachovia 3.78% 4.23% 82.05% 76.25% 76.22% 72.90% 5.11% 72.87% 4.7T% 4.86% 11.21%  5.18% 5.04%

Uninsured Interest Rate

JPMorgan Chase 3.68% 4.07% 82.06% 78.46% 78.42% 4.59% T7.13% 4.62% = 4.40% 4.58% 4.40% 4.82%  18.65%
Bank of America 3.92% 4.50% 80.86% 4.63%  4.65% 73.44% 7T4.91% 73.41% 4.65% 14.74%  4.65% 5.01% 4.93%
Wells Fargo 3.83% 4.50% 6.98% 7.40% 7.42% 758% 7.59%  7.60% 19.64%  5.68% 5.69% 6.34% 5.97%
Citi Bank 421% 520% 5.75% 3.99% 6.66% 3.88% 6.95% 6.98%  6.29% 6.33% 6.20%  26.12%  6.61%
Wachovia 3.83% 4.31% 82.98% T77.89% T77.86% 74.82% 5.11% T479%  4.79% 4.88%  16.52%  5.18% 5.05%

Probability of Default

JPMorgan Chase 0.20% 1.10% 100.00% 100.00% 100.00% 2.61% 100.00% 2.73%  2.03% 2.64% 2.04% 3.44%  55.70%
Bank of America 0.11% 1.63% 100.00% 2.05%  2.13% 100.00% 100.00% 100.00% 2.17%  45.19%  2.17% 3.49% 3.20%
Wells Fargo 0.15% 1.30% 6.70% 7.83% 7.89% 831% 834% 838% 43.04%  3.80% 3.79% 5.37% 4.50%
Citi Bank 0.21% 1.57% 2.15%  0.04% 3.90% 0.02% 4.52% 4.57%  3.35% 3.53% 3.21%  43.56%  4.09%
Wachovia 0.18% 1.37% 100.00% 100.00% 100.00% 100.00% 3.76% 100.00% 2.76% 3.06%  49.57%  4.03% 3.61%

Insured Deposit Share

JPMorgan Chase 3.44% 3.90% 30.01% 51.30% 51.29% 0.00% 53.64% 0.00%  0.88% 1.47% 1.15%  0.72%  77.46%
Bank of America 9.45% 11.55% 29.86% 0.00%  0.00% 48.37% 46.36% 48.36%  2.55% 72.61% 3.30% 2.00% 3.21%
Wells Fargo 3.79% 5.08% 0.00%  0.00% 0.00% 0.00% 0.00% 0.00% 81.23% 2.80% 2.45% 1.76% 2.39%
Citi Bank 2.28% 3.73% 0.00%  0.00% 0.00% 0.00% 0.00% 0.00% 1.33% 2.11% 1.66% 86.55% 1.83%
‘Wachovia 4.38% 5.256% 40.12% 48.70% 48.71% 51.63% 0.00% 51.64%  1.30% 2.04% 74.84% 1.03% 1.62%
Cumulative Share 23.34% 29.51% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 87.30%  81.04% 83.41% 92.06%  86.50%

Uninsured Deposit Share

JPMorgan Chase 13.61% 13.25% 19.27% 12.69% 12.72% 13.34% 11.06% 13.38% 13.26% 13.53% 13.29% 13.73%  0.19%
Bank of America 9.84% 9.15% 10.85% 9.16%  9.18%  4.09% 5.26% 4.12%  9.33% 0.24% 9.36% 9.67% 9.68%
Wells Fargo 4.18% 4.13% 2.73%  3.04% 3.05% 3.19% 3.20% 321%  0.28% 4.17% 3.93% 4.13% 4.23%
Citi Bank 16.24% 16.48% 14.48% 16.89% 16.34% 17.97% 17.11% 17.17% 16.83% 17.68% 16.92%  3.32%  18.21%
Wachovia 4.40% 419% 7.08% 3.63% 3.64% 2.36% 3.98% 237%  4.06% 4.24% 0.08% 4.25% 4.29%
Cumulative Share 48.28% 47.19% 54.42% 45.42% 44.94% 40.95% 40.61% 40.25% 43.76%  39.86%  43.58%  35.11%  36.59%
FDIC Ins. Cost $1bn  $11bn $2,547bn $2,547bn $2,547bn $2,547bn $2,547bn $2,547bn  $894bn  $843bn  $951bn  $966bn  $1,108bn
Change in Welfare - -$19bn -$410bn -$576bn -$602bn -$685bn -$715bn -$718bn -$1,038bn -$1,048bn -$1,144bn -$1,194bn -$1,408bn

Notes: Column (1) displays the observed equilibrium as of 3/31/07. Columns (3)-(14) display other potential
equilibria. Equilibria are ordered by welfare. As detailed in the Appendix, welfare is reported relative to
its respective values in the observed equilibrium, assuming a bankruptcy cost of 20%. We do not report all
potential equilibria. For ease of exposition, we omit equilibria where the cumulative difference in default
probabilities is within 10% of a reported equilibrium. Cells highlighted in red indicate that the probability
of default is greater than 40%. FDIC insurance cost reflects the total expected insurance payout for the five
major banks. We calculate the expected insurance payout as the weighted sum of insured deposits weighted
by the probability of default, assuming a 40% recovery rate.

70



"99er £19A0001 %) © Surnsse ‘gnejop Jo Lrqeqord oy £q pejysem sjisodop paInsur Jo wns pojysom o) se Jnoded soueInNsSuI pajoadxo o) d1R[MoTRd
90 syueq Jolewr oAl oY) I0] Jnoded sourInNSUl pajdadxe (8103 JY) SI08Fel 1500 ouRINSul NI "%0F Ueyl Iojeald st jnejop jo Aqeqoid oy) jers
910IPUI Pl Ul PAAYSIYSIY S[[e)) wnLIqrmbe pajrodal & Jo 90T UM ST S91II[Iqecold J[nejop Ul 80USISPIP SAIIR[NWIND 9] 9I8yM RLIGI[INDs 1o om
‘wonsodxo Jo oseo 104 euqimbe renuojod [[e 110dox jou op oA\ %07 JO 1500 Axjdnijueq ' Surmmsse ‘wnuqnbo poAIosqo oY) ur sonfea 0A100dsox
ST 01 oAlye[ol pajiodor st orejom ‘xipuoddy o1) Ul po[rejop sy -oIejjom Aq polepio ole eLqinby -euqimbe uni-yueq reruejod Lerdsip (G71)-(¢)
SUWN|O)) ‘dIej[om Jo suLlo) ul wnuqrmbe reryuejod 3soq o1y sAeldsip (z) uwnio)) ‘60/1¢/¢ Jo se wnuqimbe paalesqo o1y sAe[dsIp (1) UWN[O)) :S9ION

uqgLL 1§ Uq6FF 1§~ Uq60F 1$- Uq9SE 1§ UQGHET§- UqTO6$- Uqg8L$- UGYL$- UQGRF$- UQEeR$- Uqgeh$-  UqRee$-  UQLPT$-  UISTS$ - QIRJ[OA\ UT AUy
uqghy g UqgLI‘T$ UG66T TS UqEPII$ UqESTT$ Uq668°C$ UA668°C$ UA668'TS UAG68°C$ U668°C$ UU668°C$ UA668°TE U4668°C$ ULE  UqIES 180D 'sul DIAA
%SGE8E  UVRIE %I  UVITIYF  UOV'LY  %ELST  %VT I %OVIOT  %00°€9  %VL09  BIET9  %ST09  UVE69 BLITS %IV IS oIS dATyR[NIN)
%69°€ %0L°€ %08°€ %99°€ %900 %SET  %IET  %ITE  RIST  WIVG  %G8T  %GLE  %LL9  %99C  %69'€¢ RIAOUDIRAN
%990 %T6'GT  %ESTFT  WLV'ST  %LLVT  BILVT  %IOVT  %6SFT  %EVET  %9LTT  %89CT  %LEIT %SV IT %SOTT %SL VI s[wed 1)
%SET %eV'y %%S0°0 %reV %IV %IGT  %TOT  %08T  %INE  %9I9E  %IE9 %LV BISL  %ITT %¥CTV o3req s[PM
BFITT  %ESTT  %8TTIT  %IE0  %LTTT  %0LOT  %CeV'S %868  WWL'ST  %LL6  %EL6  %LEIT  %TT'6 %09 TIT %99 1T BOLIOWIY JO Yueg
%80°8T %860 WOTLL  %ISLT UYL %6691 %6891  %L8IL  %IF'ST %0T'6C %0L6C %6TST  %ETFE %90°8T %S0°LI aser[) weSIONJ[

areyq j1sodo(] paansuru()

%1668  %VI'88  %8V'T8  %L8T8  %IGT8  %00°00T %00°00T %00°00T %00°00T %00°00T %00°00T %00°00T %00°00T %097¥E %98°9¢ QIRYS SATyR[IIIILT
%SET %641 %L8'T %10°C %60¥L  %VV6Y  %¥VIY %000 %000 %IESGE %000  BLTVE  %EV0T %196 %99S BIAOTDRM
%19°€8 %€9°0 %690 %8L°0 %1L0 %000 %0070 %0070 %0070 %000 %0070 %0070 %000 %L0C  %L0'C qued D
%3a6°0 %0T°T %EYTL %071 %eET %9908 %000 %ST'LY %0070 %0000 %C6'GE  %99°GE  %0€ET %60V %90TF 08T8 ST
%LET %18°C %9Te %6292 %9¢€°€ %000 %95'€S  %48TE  UV6TE %000 %000 %8T°0€ %000  %LI6 %856 BOLIDWY JO jueyg
%991 %c0°c8 %€0°C %8€°C %60°C %000 %00°0 %000 %9099 %699 %VOTFI %000  %LTIE %ST'E BIIEG oseq) weSIONJ[

areyg ysoda(] painsuy

%7c0°L %¥0°L %€9°9 %73c9 %ITES  %00°00T %00°00T  %S0°L %06°€  %00°00T  %6cF  %00°00T %00°00T %0LE  %08°€ BIAOTDR M
%L6°84 %19'6 %ET'8 %16'8 %V1'8 %V8'8 %IL8 %898 %L9°G %91°9 %V0°9 %000 %907 %SL9  %L89 ued 1
%97°¢ %L4°G %I8VS %8’ %E0¥  %00°00T  %08F  %00°00T  %8&'T %T6° T %00°00T  %00°00T  %00°00T  %T9C  %VL'C 03xef S[POM
%V1'8 %¢a’8 %vL9 %61°TSG %€9°9 %98°L  %00°00T %00°00T %00°00T  %S67 %e8Y  %00°00T  %99C  %66T7 %IT'S BOLIOUWLY JO yueg
%80°¢ %aL'8Y %9 %Tv'v %€49°¢ %8EV %ETY %0CY %8666 %8666 %8666 %IL0 %6666 %V00 %VIT asey)) weSIONJ[

INeIR(T JO ANMqRqo1]

%861 %86°T %C9'T %LLT %E8TT  %ITLY  %IVO0L  %T0C WLTT  %eSLL  %8CT  %ILLL %008  %90'T %601 BIAOTB M
%LLTT %EV'E %00°€¢ %0¢°¢ %96°C %ve'e %0¢°¢ %61°€ %L1'C %S€C %0ET %060  %LET  %EVE %lVT Sued 1D
%80°C %01°C %LYET %06°T %89T  %IT8Y  BIET  %T8TL %980 %BLOT  %69°8L  UVIBL  REET8  %ITT %6T'1 0818 STOM
%00°C %00°C %91 %1TET %191 %66'T  %8E0L  %6L0L  %6EIL  RVTT %0 T %6T'9L  %8S0  RIT'T %vI'l BOLIDUWLY JO urg
%EET %6991 %€8°0 %60°T %6L°0 %ST'T %0T'T %60° T %E6'8L  UTL'BL  %E6'BL  %IE0-  U6TI8 %96°0- %00 osey) weSIONJ[

9)eY 1S9I9JU] PAINSUIU[)

%L8'1 %L8'1 %871 %V9'T %99°L %969 %0889 %681 %BEOT  %E99L  WYT'T  %T69L  %86°6L %L80 %0670 BIAOTDRM
%ET'CT %499°€ %€0°€¢ %6¢°¢ %66°C %Le'€ %33’ %1ee %30T %33'C WLTC  %eL0-  %VET  %T¥'e %lv'T Aued 1Y
%61 %961 %LV’ %SLT %EST  %C199  %LLT  %80°0L %690 %06°0  %SLLL  %TLLL  %E608 %S0T %60°T 0812 ST
%8V'C %08° %80°C %6¥°L %80°C %eV'e  %IL8Y  %IT69  %EEIL  %LI'T %68 T %LEIL  BIE0  %SV'T %6V'T BILIDUWY JO jueyg
%671 %98°L %16°0 %IT'T %98°0 %Ve'1 %8T'T BLTT  %I0LL  %E6°9L  %0ELL  %9E0- %6608 %E80- %030 ase) WeSION AL

9)eY 1SAIYU] paInSu]

(e1) (1) (e1) (e1) (11) (o1) (6) (8) (L) 9) (9) (¥) (€) (2) sq0

600g VIIdIindy @1dirIny g TANVJ - TV J19V.]

71



991 AI9A0091 %0 ® Surmsse ‘Jnejop jo ALiqeqord o) Aq pojyIem

sy1sodep peansur Jjo wns pajysem o) se Jnoded soueinsul pajoodxe oY) 91RINOED 9A\ “SYUR( Io[ew oAl o1 10] InoAed sourInsur pajoadxe @101 9Y) $109[OI 150D
oourInsul DI "%0F wey) 103esid st jnejop jo Ajiqeqord oyj JeY) 9eIIPUL PaI Ul PoIYSIYSIY s[o) ‘wnuqimbse pejrodar © Jo 90T uryim st sonjrfiqeqoid
J[NeJop Ul 90USISJIP SAIJR[NWIND 9y} 8Ioym ®LIQI[INDa o am ‘uorjisodxa Jo ases 10 ‘elqimbe [eryuejod [re 310del jou op ap\ ‘%0g JO 1500 Adydnisueq e
Surmunsse ‘wnuqmbs peaATesqo o1 Ul sanfeA 9A1309dsal 11 0] oA1ye[el palIodel st axejjom ‘Xipueddy oyj Ul po[relap sy -olejom Aq paIoplo are elqiymby -sjisodop
peansut uo 9%,00°g snjd ‘9yer Amsear) Ieed-ouo oY) JO 91el J1sodep d[qemo[[e wnwixew © ssodwl 0} 81om s101e[Ngal JI eLIqIMbs uni-syueq [erpusjod Aerdsip (G1)
-(¢) sumnjo) ‘oIejjom Jo suLd) Ul wNLIIMba Teryuejod 3seq oYy sAeidsip (g) uwmio)

‘'80/1¢/¢ Jo se wnuqimba poalesqo o1y sAe[dsip (1) uwn[o)) :S9J0N

Uqgg0'T$- UGL66$- UA8G6$- UTV6$- UAGT6$- U]LLS$- UAGI8$- UA9TL$- UAYTL$- UGLGE- UQTIG$- UZSE$- UAEHE$- UA0T$ - OIRJIOAN UI dBUeRY)
uqgIs$  UqLIL$ uqg899$ uqrol$ uqeL9$ uqoy9$ uqgess$ uqees$ uqocs$ uqeev$ uqeLe$ uqsge$ Uuqrieg  uqgg  uqyrg 180D sul DIdA
BITTY  %EO'ECE %8ETE UITTY UEVTE %9996 UTEIE %I TV UTELE UTL'LY %080V %I0TY %6887 %I6°1S %E6'09 SIBYS SAIYE[NUWILT)
%06'% %ET0 %V 0  U¥8T  %ET0  %ET0  %VE0  %0T0  %ST'S %020 %60'G  BETS  BLLTY  %OLTV %YLV BIAOYOBA
%8G ST %L0°0T  %L6'C %SO'ST  %S6'C %SV6L  %VCE %06°LT %6E6T %SELT %ISST %06'¢ %6T LT %8S 9T %0891 Aued 1D
%2860 %G990 %L9°0 LYY %990 %88V %G6T  %9G0  %VI0  UYeV  USLTV  %VST %90 %STV %0¢V o3re S[PM
%BITO0  %LTOT %8TOT  %CI'0 %ITOT %E00T %cO0T  %SGL6 %666 %096  %IS6  %EL6 %ET6 %TE0T %ET6 BoLDWY JO yued
BYO'LT  %I6'T  %TEST %LIIT %67'0C %E0C BLSLT %IGIT %¥I'C %0TIT %0€T %6ELT %ITI9T %90°9T %98 'GT oser[) UeSIONJ[

areyq 91sodo(] peansuru()

%6 CL  UIVEL UVIO0L %LILI %LL6I %TT'8I %8IEI %0699 %OTTI %TILE %IT'ESE %8ETV %LE0S %0S1C %ISTT 9IRYS dATIR[ITIN)
%C6'C  %UCL'8C %UTT'TE %ITE %UV0CE UBL'EE %U6V'8E %B0'SE %I6E %6 Ty %8IV  %CS'G  %UTEV %689 %I8E BIAOTDRAN
%P T  %06'T  %LTOT  %6V'T %PP 0T %S6'T %PSel %9%'T  %60C  %LST  %8CC %6861 %ELT  %00C %L0°C ued 1D
%98°8T  %EL8T %08°0C %8IC UVETE %UV0'E %EEE YLEECT %LEGC %66'C  %I99°C  %ITT %V0O'GE %96'C %66°€ o3req s[opM
%ESLY  %EIT  UIT'G %68LS UVT'G  %CT§  %G6'G %LV UBL'G  BING  %V0L  %TI8  ULV'I  %6EL %IT6 eoLIRWY JO yueq
WBYTT  %80°0C U6T'E  %BIET BISO YETFC %LEE %UEET %60LT %EST %IV'SE %USTY  %08CT %I9CC %SE€ oser[) UeSIONJ[
Ouﬁﬂm ﬁwOQoQ Ppoansuy

WBYT'G  USTCY %USSTYV  %LITV  UISTY %8IV ULETY USSTF  %6T'S %S0TV  %alV  %esVv  %S8E€ %FI'e %STe BIAOUIBAN
%YoV %E6T  UILIY  RLIEEC UVTIV  UIVT  UELEY %STE  RBIET  UV6'T  %9LE  %U6S8E  BLLT  %I6T %ITT Aued 1D
WNLECE  %TTEe %ITCE  U6T'C %0TCE  %LLE  %CIe USSTE UPLTE %SSGT  %86'C  %69C %U6TTE %PeT %061 081e S[PM
BLO6Y  BOTT  U6TT  YLL8Y  %VE'E  %99€  BELE  %ST'T  %6SE  %INT  W6T'E  %STE  %T0T %EO0 %T8'T BOLIDWY JO yueq
BIE  UBETY 6T BIT'E %000 %10V %E0T %US6'T %UVI 6L %ev'e UOLLE %ITE  %VET %610 %0S'T oser)) weSIoONJ[
nega( Jo AqIqeqorq

%9L°C %69 TT %CITT  %EIT %09TT %LSTT %O0STT %SSTT  %SLT %EVIL %E9C %LST %IVE %61C %ETT BIAOTDRAN
%B1T€ BLEE  UVIET 66T UTV'EC %ICE ULTTC UV6'C  %6TE  %8IT  %LO'E %I66T %6ST UET'T %ETT qued 1D
BITET  BCTET BVI'ET  %G0°€ %CI'ET  %LTE  %0TE %I0ET %TOET  %6LC %S6'C %C8C %I8CT %SCC %TET o3req s[opM
%ESOT  BIVE %EV'T %T90T %8ET %ceT %VeT %80T %IET %00C %Vee %Icc %00 %OV'T %L6'T eoLRWY JO yueq
%89C  %UOT'8T  %RIOE  BLV'T %OV'0 %STLT %08C %cv'c %OTLT %ST'C %0V9T  %EV'T %60C %¥6'0 %EL'T oser[) UeSIONJ[
9)eY JSOIOIUT PAINSUTU)

%29°C %S9 %P9 %PST %P9 %¥S9 %P9 %¥S9  %0LT  %YS9  %TST  %SV'T  %6CT  %V0T %80T BIAOUIBAN
%8E€ %98°¢ %P9 RIT'E %P9 %09'¢  %¥S9  %V0E  %TSEe  %vLT %ITE  %VS9  %VIT %ITT %ETT Aued 1D
%¥a9 %BYS9 %P9 %06'C  %VS9  %ET'E  %LOE  %VE9  %VS9  %TIT  %6LT  %99T  %VS9 %S0T %EIT 081e S[PM
%Va9 %8GT  U6ST  UVS9  UEET  ULVT  ULVT  UTCTT  %SVT  BITT  UVET  %TET %80T %EST %861 BOLIDWY JO yueq
%08°C BS99 %ETE  %ITT  %IS0  UYE9  %L6'T  R0ST  UYS9  %TTT YS9 %9GT  %ET'T %860 %ELT oser[) weSIONJ[
9)eY Iseaajuy ﬁquwQH

(1) F1) (e1) (e1) (rr) (o1) (6) (8) () (9) () @) (e) (@) s90

SLISOddA(] Ad¥NSN]

NO SLINIT HLVY LSHYHLN] - SISATVNY TVALOVAYHILNNO) gV d14dV],

72



"97RI A19A0001 % 0F & Surunsse ‘gnejop jo Aiqeqord oyl £q pejysiem sjisodep peansut Jo wns
peryStom oY) se noAed soueinsur pajoodxo o1 9JRINOED 9A\ “SuR( Io(ew oAy oY) 10] InoAed soueinsul pejoodxo [€107 81 S99 1500 douRINSUl DT % 0F TRl
1990018 s gnejop Jo Ajqiqeqoid oyj jey) 93edIpUl pal Ul poySySIY s[[o)) ‘wnuqimbe pojrodar € Jo 90T UM ST sor[iqeqord JNejop Ul 90USISHIP SAIJR[NUND
9} oIoUM elIqI[mbe 1o oM ‘wor1Isodxs Jo ases 104 -rUQI[INbe Teruejod [[e 110dax 10U Op 9M % 0g JO 1800 Adjdnasueq e Surnsse ‘wnuqimbe paaIesqo oY) ut
son[eA 9A1100dsal1 ST 09 dAIYR[al pajlodar st arejem ‘Xipuaddy o1} Ul po[reIep Sy "dIej[om Aq pelopio are vLqIIby 'Q00g/1¢/¢ Jo se sjysodep pansul uo 9%,00°G
snyd ‘ejel £Imsea1) IeaL-aU0 o) Jo 91el J1sodep S[qeMO[[e WNWIXRUW ® 9sodWl 01 aIom sI101R[NSaI JT RLIqIINba uni-yueq rerusjod Aedsip (6g)-(9T) suwn[o)) :$0j0N

UqGH6 T$- TAEEL TS~ UASFI TS~ UAI6T TS~ UALH T~ UA6SE T$- WAIZE TS~ UG9LT T§- UA09E T$- UAGST T~ UAPST T$- WAGET T$- UTST T§- UqLE0'TS- aTef[oA\ Ul 98Uy
uqpp0‘T$ UqeTor’s Uqpse$  UqgIe$  uqo66$  U4096$  UGPSL$  UQLE8$  UAPIS$  UPS8$  UGEI6S  UqOES$  U46S8$  UITT9E 180D 'sul DIdA
%8LG  %UBOTT  %GLTT  %L8IT  %80TC  %908C %6691  %99°8C  %ILLE  NIVTE  %IGLE  %O6'EE  %SI0F  %EVTT SIRS OATyRIIUUNT)
%620 %8¢°0 %98°G %9L°G %ve 0 %€C0 %820 %TE" S %8€"G %EC' G %020 %Cc G %020 %89°¢ BIAOTDRM
%€9°C %aL'T %48°C %I0'E  %eV'1e  %e80C  %I0E  %SLO0T  %ELT  %IT0C  %O0T6T  %T6T  %LIST  %LVE Sued 1D
%e8°0 %96°G %08°0 %8L°¢ %L9°0 %LT'G %6270 %99°0 %690 %€0°¢ %850 %10°G %89% %LL70 031e] S[OM
%ET0 %ET0 %10 %ST°0 %110 %IT0 %9901  %el'0 %ET0 %ET0 %01°0 %ET°0 %IT0  %8¥°01 BOLIDWY JO yuedg
%a6'T %66°T %80°C %LI'C %V9'T %aeL'T %1CC %08'T  %¥88T  %06'T  %8V'LAT  %c90c  %OT'LT  %¥¥'e aser) WeSIONJ[

areyg j1sodo(] pamsurup)

%EET8  %TV08  BIO6L  %60°9L  WTIT8  BST6L  W0SGCGL  WSILL %YL %I0TL  %ISBL  %IVOL  %GEGL  %LI8Y STRYS dATyRIIIUUNT)
%EL'BL  %SL'0T  %8V'E %LIE  UBI6T  U66'TC  %L6'GT  %EO'E %6¢°€ %9C°€  %I'TT  NSGE  %I6'9T  %EETV BIAOTDRM
%01°9 %9L°9 %Sc L %9¢'8 %E8'T %181 %97'8 %68'T %1V’ %06°T %9€T  %0C0T  %9ET %6601 ued D
%8V Tl %0 %I8TL  %STt  WVO'ET  %8YC  WOELT  UBL'ST  BIGLT  %I8CT  %I6TI  BIOE %9€°C  %LV'Te 0318 S[[OM
WYITE  %I0'GE  UVILE  BIVTY  %B0'EE  %ITLE  %ETS %00V NVIEY  %SVIV  %V6'LE  %06'CE  %8L'EY  %8T9 BOLIOWY JO yued
%8EET  %T8TL  %68'CT  %OT'8T  %86'E€T  %IL'SGT  %PS8T  %T69T  %80'E  %V961  %60°C %6L°0 %e1'c  %607C aser) weSIONJ[

areyg j1sode(] pamsuy

%LY €Y BISL  %ECL  USVEY  UIOET  %EVEr  %6F'9  %ST'9  %T09  %E6TV  %LL'SG W %699 RTAOYDRAN
%IG9S % WBITES  %LI0G  %86'G  %GGE %80  %SV'G  %6L6V  %I0G %8SV %6%9v  %STV  %el9v queq 11D
WBISTE  %L8'S  ULTTE  BIES  %ISTE  %S8T  %89EE %99EE  %UTET  %FOTE  %GOT  BISE  %T0EE 0818 S[IOM
%6ETS  U6LTS  %IL0G TG %68TS %98'¢C %29°0G %BTLTS  %IEEF  %090¢  %ST'S BOLIOWY JO Jueg

%IL9V  %6T Gy WBILIY  %USTCY  UIV'Er  %6TTr  %8T'G W%OLT %000 %EL'E %080V aser) weSIoNJ[

yneg( Jo Lypiqeqord

%EOTT  %E6'TT  %TV'E  %0EE  %66'TT  %SSTL  %PLTIT  %0T'€  %0T'E  %86'C  %9RTT  %I6T  %SLIT  %ITE RIAOTORAY
%EE'ST  UITLE  %VIIT  %LVGT  U66'E  UEYE  USTGTE  %USL'E  %S0°GC  U6SE  WSV'E  U6GET  %ITE  UVEET ued 11D
WBYIEL  %I0T  %SVET  %ISE  %LGEL  %69C  %OSET  %LEECT  %0EET  %SV'E  %EVEl  %BLEE  %0€'E  %60°€T 031e] S[PM
BEVIT  %ITTT  %STTT %9601  %SETT  %LUTL  %ELT  %9I0TT  %¥60T %9801  %PT'IT  %ILO0T  %¥60T  %E9T ROLIDUIY JO Jurg
%T00T  %ST6T  %ST6T  %LGST  %0L6T  %ET6T  %LV'ST  %0S8T  %ETE  %ST'ST  %I6C  %SE0  %ELT  %09'LT aser) weSIONJ[
9)RY 1SOIOIU] PAINSUIU()

WY %VT9  %6EE  %GTE %S9 %PS9  %PS9  %P0E  %V0E  %I6T %S9 %P8T  %PS9  %S0'€ RIAOTORAY
YS9 %PY9 %Y %S9 %TFT  %0TT %P9 WPTT  %PS9  %06'€ %89 %VS9  UIWE  %PE9 sueg 1)
W9 %G6'E  %FT9  %PLE %S9 %8Y'E  %PY9 %P9 %PT9  %9EE %S9 %GTE  %ITE %P9 0318 S[[OM
YS9 %P9 %FT9  %PE9  UVS9 %P9 %T6T  %PS9  %UVS9 %P9 %S9 %PS9  %PS9  %6LT ROLIDULY JO Yueg
YS9 %PE9 %FT9  %PS9  %PS9 %P9 %PT9  %PS9  %6V'E %P9 %LOE %980  %98T %P9 asey) weSIoNJ[

9)eY 1S9I0U] paInsuy

(62) (82) (L) (92) (g2) (¥2) (¢2) (¢e) (12) (0) (61) (81) (L1) (91)

SLISOdU(J dHdYNSN] NO SLINIT HLVY LSHYHLN] - SISATVNY TVALOVAYILNNO)) “AQMDZHEZOOV GV d14dV],

73



TABLE A3: COUNTERFACTUAL ANALYSIS - RISK LIMITS

Bank Prob. of Default. Prob. of Default (12% Cap)
JPMorgan Chase 1.50% 6.36%
Citi Bank 2.11% 8.32%
Bank of America 1.82% 3.46%
Wells Fargo 1.50% 6.84%
Wachovia 3.28% 6.09%

Notes: Column (1) displays the realized equilibrium probability of default
as of 03/31/2008. Column (2) displays an equilibrium probability of de-
fault if regulators were to impose a counterfactual policy in which banks
are forced to hold securities/investments that cap the standard deviation
of income/returns or at 12.00%. We calculate and select the reported
new equilibrium using8 a non-linear equation solver (we use the R package
NLEQSLV with Broyden’s Method) initiated at the observed equilibrium.
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TABLE A4 - PANEL A: Too Big To FAIL

Calibration/Model Mean Return  Std. Dev. of Returns Non-Interest Cost
() () (¢)

Baseline Model 7.80% 15.94% 4.67%

Alternative Specifications:
TBTF (10%) 7.76% 15.82% 4.67%
TBTF (50%) 7.40% 14.72% 4.67%
TBTF (75%) 6.88% 12.61% 4.67%
Capital Rq., Adj. & TBTF (10%) 7.96% 13.12% 4.67%
Capital Rq., Adj. & TBTF (50%) 7.68% 13.38% 4.67%
Capital Rq., Adj. & TBTF (75%) 717% 13.44% 4.67%

TABLE A4 PANEL B: Too Big To FaIL

Calibration/Model Optimal Capital Req.
K

Baseline Model 39%

Alternative Specifications:
TBTF (10%) 36%
TBTF (50%) 24%
TBTF (75%) 12%
Capital Rq., Adj. & TBTF (10%) 30 %
Capital Rq., Adj. & TBTF (50%) 24%
Capital Rq., Adj. & TBTF (75%) 14%
Capital Rq., Adj., TBTF (10%) & Bankruptcy Costs (20%) 30%
Capital Rq., Adj., TBTF (50%) & Bankruptcy Costs (20%) 24%
Capital Rq., Adj., TBTF (75%) & Bankruptcy Costs (20%) 14%

Notes: Table A3 Panels A and B display the calibrated parameters and optimal capital requirements under
the alternative too-big-to-fail model specifications as of 3/31/2008. Panel A displays the average of the
calibrated parameters (u, o, ¢) under each specification. Panel B displays the optimal capital requirement.
The optimal capital requirement maximizes welfare, given that the worst equilibrium outcome (in terms of
welfare) is realized. The alternative model specifications reported in Panel A are as follows. We calibrate the
model where investors anticipate a too-big-to-fail (TBTF) policy where the government bails out uninsured
depositors with 10%, 50%, and 75% probability. We also calibrate the model to existing capital requirements,
under the TBTF policy and with capital adjustment costs. The details of each alternative specification are
discussed in Section 8 and the Appendix.
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TABLE A5: ROBUSTNESS CHECKS - RISK FREE RATE

PANEL A: CALIBRATED PARAMETERS AND OPTIMAL CAPITAL REQUIREMENT

Calibration/Model Mean Return Std. Dev. of Returns Non-Interest Cost Optimal Capital Req.
() (0) () w

Baseline Model 7.80% 15.94% 4.67% 39%

Alt. Risk Free Rate (30YCMT) 7.74% 17.76% 4.67% 43%

PANEL B: MULTIPLE EQUILIBRIA

Obs  (2) (3) (4) (5) (6) (7)
Insured Interest Rate
JPMorgan Chase 1.73% 0.87%  2.49% 2.47% 2.69% 10.65%  3.17%
Bank of America 1.98% 1.47% 2.11% 2.12% 7.51% 2.44% 2.44%
Wells Fargo 2.13% 2.01% 10.22% 3.07% 3.10% 3.62% 3.70%
Citi Bank 2.23% 0.69% 3.01% 2.99% 3.23% 3.711% 12.41%
‘Wachovia 2.08% 0.88% 2.61% 8.90% 2.64% 2.95% 2.98%
Uninsured Interest Rate
JPMorgan Chase 1.73% 0.85% 2.42% 2.40% 2.58%  21.37%  3.00%
Bank of America 1.97% 1.36% 1.92% 1.94%  12.00%  2.22% 2.22%
Wells Fargo 2.32% 2.21% 18.31% 3.23% 3.24% 3.74% 3.83%
Citi Bank 2.23% 0.71%  2.93% 2.91% 3.09% 3.49% 25.49%
‘Wachovia 2.23% 0.92%  2.69% 14.64% 2.72% 3.01% 3.04%
Probability of Default
JPMorgan Chase 1.50% 0.17%  2.75% 2.73% 3.16%  46.12%  4.06%
Bank of America 1.82% 0.02% 1.78% 1.87% 51.44% 3.05% 3.03%
Wells Fargo 1.50% 1.27% 44.48%  3.35%  3.42%  4.54%  4.72%
Citi Bank 2.11% 0.11%  3.24% 3.22% 3.60% 4.38% 46.37%
‘Wachovia 3.28% 0.00% 4.68% 50.60%  4.85% 5.80% 5.89%
Insured Deposit Share
JPMorgan Chase 3.38% 2.22%  0.93% 1.24% 1.75% 85.15% 0.84%
Bank of America 9.26% 7.48% 1.77% 2.39% 70.49% 1.61% 1.29%
Wells Fargo 3.99% 4.05% 81.95% 1.65% 2.08% 1.27% 1.07%
Citi Bank 2.07% 0.91% 0.58% 0.77% 1.09% 0.66%  87.70%
‘Wachovia 581% 3.12%  1.40% 76.05% 2.38% 1.29% 1.05%
Cumulative Share 24.51% 17.78% 86.63% 82.09% 77.78%  89.97%  91.96%
Uninsured Deposit Share
JPMorgan Chase 15.86% 15.80% 16.09% 16.19%  16.80% 1.84% 17.28%
Bank of America 9.23% 10.19% 9.75% 9.75% 0.11% 10.05%  10.05%
Wells Fargo 4.30% 4.23%  0.29% 4.23% 4.47% 4.53% 4.48%
Citi Bank 16.80% 16.36% 17.35%  17.44% 18.20%  18.99% 3.72%
Wachovia 4.74% 5.61%  4.54% 0.10% 4.79% 4.79% 4.75%
Cumulative Share 50.93% 52.19% 48.02%  47.70%  44.37%  40.21%  40.29%
FDIC Ins. Cost $14bn  $2bn  $974bn  $1,029bn  $973bn  $1,051bn $1,088bn
Change in Welfare $0bn  $29bn -$1,093bn -$1,199bn -$1,183bn -$1,267bn -$1,302bn

Notes: Panel A displays the calibrated parameters and optimal capital requirement as of 3/31/08 under the
baseline specification and the alternative specification, where we set the discount rate r equal to the 30-
Year Constant Maturity Treasury Rate (30YCMT) as of 3/31/08 (4.30%). The optimal capital requirement
maximizes welfare given that the worst equilibrium outcome (in terms of welfare) is realized.

Panel B displays the model equilibria under the alternative specification where we set the risk free rate equal
to 30YCMT. Column (1) displays the observed equilibrium as of 3/31/08. Columns (2)-(7) display other
potential equilibria. Equilibria are ordered by welfare. As detailed in the Appendix, welfare is reported
relative to its respective values in the observed equilibrium, assuming a bankruptcy cost of 20%. We do not
report all potential equilibria. For ease of exposition, we omit equilibria where the cumulative difference
in default probabilities is within 10% of a reported equilibrium. Cells highlighted in red indicate that the
probability of default is greater than 40%. FDIC instifance cost reflects the total expected insurance payout
for the five major banks. We calculate the expected insurance payout as the weighted sum of insured deposits
weighted by the probability of default, assuming a 40% recovery rate.



