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Abstract

The financial sector bailouts seen during the Great Recession generated substantial opposition
and controversy. We assess the welfare benefits of government-funded emergency support to
the financial sector, taking into account its effects on risk-taking incentives. In our quantitative
general equilibrium model, the financial crisis probability depends on financial intermediaries’
balance sheet choices, influenced by capital adequacy constraints and ex ante known
emergency support provisions. These policy tools interact to make financial sector bailouts
welfare improving when capital adequacy constraints are consistent with the current Basel IlI
regulation, but potentially welfare decreasing with looser capital adequacy regulation existing
before the Great Recession.
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1 Introduction

The global financial crisis of 2008-2009 significantly disrupted financial markets and macro-
economic activity around the world, prompting unprecedented fiscal and monetary sup-
port measures aimed at alleviating the financial system stress. Publicly funded bailouts® of
commercial financial institutions during the onset of the Great Financial Crisis generated
substantial objections and social discontent.? Staggering immediate outlays and uncertain
returns led to concerns whether the expected societal benefits of supporting distressed finan-
cial institutions justified their costs. In retrospect, the bailouts helped contain the extent
of failures and dislocations in the financial markets and the broader economy.® Moreover,
the bailouts turned out to be less costly for the public finances than initially feared, as
government agencies realized capital gains on private assets acquired at fire sale prices.* De-
spite positive aspects, a longer-term concern remains if public interventions have created an
expectation of implicit public guarantees for the liabilities of private financial institutions.
Such expectations may increase future financial risks by incentivizing higher levels of lever-
age and risk taking. These concerns are likely alleviated to some extent by tighter financial
regulation and supervision measures introduced as part of the Basel III initiative after the
Great Financial Crisis. However, it is also possible that enhanced bailout expectations at
least partially undermined the beneficial impact of tighter regulatory measures. Using a
carefully calibrated structural model, we examine if financial bailouts during banking crises
are welfare beneficial once their impact on risk taking and the crisis probability is considered.
Our analysis shows that generous government support during a crisis is welfare improving,

provided capital adequacy regulation is sufficiently tight.

'Tn line with the literature, we refer to financial sector emergency support measures as financial bailouts
or bank bailouts.

2The article “Occupy Wall Street, Tea Party Movements Both Born of Bank Bailouts” argues that both
protest movements emerged in response to bailouts. See https://www.foxbusiness.com/markets/occupy-
wall-street-tea-party-movements-both-born-of-bank-bailouts.

3Twelve of the 13 most important U.S. financial firms were at the brink of failure in 2008, according to
remarks made by Federal Reserve Chairman Ben Bernanke to an investigative panel.

4 As of February 18, 2021, Bailout Tracker online project estimates a profit of $110 billion on $634 billion
of bailout outflows. See projects.propublica.org/bailout/ for detailed information.



The rarity of widespread financial crises, the unobserved nature of bailout expectations,
and cross-country differences in financial regulation make it nearly impossible to assess the
welfare benefits of bailouts with purely empirical evidence. The alternative route we take
is to build a well-calibrated macroeconomic model in which financial institutions can adjust
the riskiness of their asset and liability positions in response to expected future bailouts.
These adjustments in balance sheet positions of financial institutions increase their default
probability, making widespread bank crises more probable. Bank crises are costly from a
societal point of view, and government support alleviates crises costs. More specifically, in
our general equilibrium model, which builds on Stein (2012), private banks invest in risky
assets while issuing liquid callable deposits and less liquid time deposits. Callable liabilities
are calibrated to match the amount of uninsured demand deposits and short-term liabilities
on the balance sheets of U.S. depository institutions. The fragile nature of these liabilities
creates the risk of premature withdrawals leading to occasional bank runs and asset fire
sales. As in real life, it is never optimal in our model to eliminate the callable liabilities,
as they provide valued liquidity services to households. The model is carefully calibrated
to match key features of the U.S. economy and its financial sector, including the historical
prevalence of severe financial crises and their estimated costs. As discussed in the literature
review section, most existing studies of bank defaults, fire sale events, and financial bailouts
use more stylized models. This makes it difficult for policymakers to quantify the likely costs
and benefits of government interventions.

In our model, the financial crisis probability depends on financial intermediaries’ balance
sheet choices, influenced by two policy tools: capital adequacy regulation and ex ante an-
ticipated bailouts. We find that these tools interact in a non-linear way to make bailouts
welfare improving when capital adequacy constraints are consistent with Basel III regula-
tion, but likely welfare decreasing when capital adequacy constraints are at lower levels seen
before the Great Recession. Moreover, tighter capital adequacy constraints introduced by

the Basel III reform are themselves highly welfare beneficial. They contribute to greater



financial stability and significantly increase household wealth. Since future financial crises
and bailouts are likely unavoidable, policymakers and regulators play an instrumental role
in preserving and enforcing tighter capital adequacy requirements introduced in response to
the Great Financial Crisis.

The paper is organized as follows. Section 2 discusses related literature. Section 3
describes our model. This is followed by Section 4, devoted to the calibration of the model.
Section 5 presents results from the benchmark model as well as from a version of our model

with exogenous distress probability. We conclude in section 6.

2 Context and related literature

The Great Financial Crisis has shown that bank runs and associated fire sales of assets
remain a relevant concern for policymakers. While deposit insurance practically eliminated
bank panics associated with rapid household deposit withdrawals, new types of short-term
liabilities, prevalent among financial institutions, have become a source of financial fragility.

Financial crises associated with bank runs were quite common in the United States before
deposit insurance was introduced (Figure 1). The dashed red spikes mark the financial crises.
Economic downturns often accompanied these crisis episodes (Figure 1, solid line).

After a long quiet period without crises, the change in the composition of short-term
funding from retail to wholesale (Figure 2) has created another fragile type of funding, as
was evident during the 2008-09 financial crisis. Gorton and Metrick (2012) documented
how securitized wholesale funding emerged as a new source of financial fragility. As the
signs of financial sector distress mounted, financial institutions and corporations started to
run on distressed intermediaries, rapidly withdrawing their funds or increasing their collat-
eral requirements. Figure 3 illustrates how the costs of repurchase (repo) refinancing grew

from almost zero in July 2007 to 46 percent haircuts by January 2009.° In response to

®Gorton (2012) provides a detailed discussion of the relationship between bank funding and financial
crises.



these dramatic developments, central banks and other government institutions across the
world stepped in with unprecedented support measures. These measures included publicly
funded emergency loans to private financial institutions, equity injections, and asset return
guarantees extended to private investment entities acquiring assets of distressed financial
institutions. Notably, the bailout support coverage was not universal, as some financial
institutions were not rescued.

As with any insurance, implicit or explicit public support guarantees create an incen-
tive to take on higher than prudent amounts of financial risks. Poole (2008) succinctly
describes the problem, namely that “bailouts unavoidably increase inappropriate risk tak-
ing.” Despite this conclusion, he states that the Federal Reserve Bank’s emergency support
measures during financial crises are essential, as they help to avoid much higher costs of
financial market disruptions and dislocations. He advocates transparent and systematic
support facilities rather than ad hoc case-by-case bailouts. Shortly after Poole’s article was
published, the Federal Reserve facilitated JPMorgan Chase’s acquisition of Bear Stearns in
March 2008. Then, in the fall of 2008, the Federal Reserve assisted with the acquisition
of Washington Mutual and the rescue of AIG while letting Lehman Brothers fail. Given
that many of the emergency measures undertaken in 2008 and 2009 were improvised and
unconventional, the question remains if they created an expectation of future government
interventions, promoting imprudent risk taking and elevating the chances of future financial
crises. Tighter financial regulation likely alleviated these concerns to some extent. The Basel
IIT (BIS 2011) international framework developed in response to the Great Financial Crisis
requires additional capital buffers and liquidity provisions to reduce the probability of fu-
ture crises. However, the experience shows that ever-present financial engineering (Coskun
2011) and deregulation lobbying efforts often lead to the erosion of regulatory safeguards
and controls. In December 2018, the Former Federal Reserve Chair, Janet Yellen, voiced
her concerns that there could be another financial crisis because banking regulators have

seen reductions in their authority to address panics amid the current push to deregulate



(Yellen 2018). The recently adopted “Economic Growth, Regulatory Relief, and Consumer
Protection Act” (U.S. Congress 2018) is an example of such a financial deregulation push in
the United States. Miinnich (2016) discusses the lack of fundamental change in British and
German financial regulation following the 2008 credit crunch. In addition, the high levels of
government, corporate, and household debt and elevated housing prices in many countries
prompted warnings by the Bank for International Settlements (Borio 2018) that the global
economy faces the risk of another financial crisis. A recent spurt in public debt accumu-
lation during the ongoing COVID pandemic made this problem more acute. Even in the
absence of regulatory erosion, it is possible that enhanced bailout expectations undermine
the effectiveness of tighter regulation.

There are many challenges for reliably assessing the impact of bailouts on risk taking
and the probability of future crises. First, the widespread banking crises and bailouts are
relatively rare events, making it challenging to establish a cause-and-effect link between them
or to assess changes in crisis probabilities. Second, the private expectations of future bailouts
are unobservable, which makes it hard to ascertain if changes in risk-taking behavior of
financial institutions are driven by past bailouts or by other factors, such as the current credit
or business cycle conditions. Nevertheless, Hett and Schmitt (2017) use firm-specific credit
spreads and equity returns to assess the effects of 2008 bailouts on expectations of future
bailouts in the U.S. They find that bailout expectations peaked in reaction to government
interventions following the failure of Lehman Brothers in September 2008 and returned
to pre-crisis levels following the initiation of the U.S. Dodd-Frank financial regulation act
in 2010. While the decline in measured bailout expectations is consistent with the new
regulation being effective at containing risks, it could also reflect the general stabilization in
the financial markets after the worst phase of the financial crunch had passed by 2010.

Dam and Koetter (2012) analyzed all observed capital preservation measures and dis-
tressed exits in the German banking industry during 1995-2006. Using regional political

differences, they identified that the stronger expectations of bank bailouts in a particular



region due to political factors lead to increased risk taking and a higher probability of de-
faults. These empirical studies give support to the idea that bailouts are likely to increase
risk taking by financial institutions. They, however, have a limited ability to determine if the
welfare benefits of systematic bailouts outweigh their costs. Structural theoretical models
with bank runs and bailouts can help in this respect.

There exist many excellent theoretical studies of the welfare benefits of bank bailouts.
They, however, are often too stylized to give a quantitative assessment and focus instead on
general theoretical predictions from a dynamic model, often with just two- or three-period
horizons. A few examples of such papers are Keister (2015), Gorton and Huang (2004),
Farhi and Tirole (2012), and Diamond and Rajan (2002, 2012), who all study the effects of
bailouts in various versions of the Diamond and Dybvig (1983) three-period model.

Several papers consider bailouts in infinite-horizon models, which are more suitable for
quantitative assessments. They, however, often are stylized along some other dimensions,
thus limiting their quantitative insights for policymakers. For example, the model by Chari
and Kehoe (2016) analyzes bailouts in a model in which there is neither physical capital
nor any other physical links between periods. Bianchi (2016) abstracts from financial insti-
tutions and analyzes bailouts that relax borrowing constraints of all firms in the economy
while also restricting households from holding debt instruments. Gertler et al. (2012) de-
velop a model in which banks have access to debt and equity financing from households.
However, the absence of bank defaults in their model makes it hard to link their credit
policy recommendations to bank bailout policies.

Angeloni and Faia (2013) provide a tractable quantitative model in which the probability
of a banking crisis depends on banks’ leverage choices. The absence of asset fire sales and
the exogenously fixed costs of banking crises in their model make it difficult to assess the
welfare benefits of bailouts reliably.

Collard et al. (2017) provide a quantitative model with monetary policy and regulations,

in which the optimal policy implies no risk taking. This model feature makes it difficult



to generalize their optimal policy results to problems where some amount of financial risk
taking is socially desirable.

We view our framework as complementary to recent quantitative, general-equilibrium
models analyzing the welfare benefits of capital adequacy requirements, including Begenau
and Landvoigt (2021), Begenau (2020), Nguyen (2014), Canzoneri et al. (2020), Davydiuk
(2018), and Elenev et al. (2021). These authors built rich quantitative models which are
well suited for analyzing the welfare implications of capital requirements over the business
cycle. Our modeling framework is different in two main respects. First, we focus on ex-
plicitly defined bailout insurance arrangements active only during systemic bank crises with
widespread bank defaults. In contrast, in most of the papers mentioned above, bailouts are
implicitly defined as a part of universal deposit insurance available in all periods.® Second,
panic asset liquidations with deep fire sale discounts, as seen during the Great Financial Cri-
sis, serve as important shock propagation vehicles in our model but not in the above-listed
studies.

More specifically, our paper augments the stylized model of Stein (2012) and uses it to
analyze the effects of bank bailouts on the endogenously determined probability of banking
crises. The model is carefully calibrated to match a) key macroeconomic moments of the
U.S. economy and its financial sector, b) the financial crisis costs, and c) the frequency
of severe financial crises in the historical U.S. data. Our framework has a rich financial
structure that makes it suitable for analyzing bailout policies. First, the model features
banks that issue callable short-term liabilities (in addition to other liabilities) that can be
withdrawn on demand. When short-term liabilities are withdrawn prematurely, banks are
forced to sell claims to their illiquid assets at fire sale prices. In the calibrated model, banks
issue too much short-term debt relative to the socially optimal level, leaving the financial

system vulnerable to costly financial crises. Moreover, the output costs of financial panics

5The exception is Nguyen (2014), who assumes random bailout eligibility for regulated banks. Begenau
and Landvoigt (2021) allow for randomized bailouts of unregulated shadow banks in addition to universal
deposit coverage of regulated banks.



are increasing endogenously in the amount of short-term liabilities on the balance sheets of
financial institutions, as in Stein (2012). Most importantly, the financial crisis probability is
linked to the balance sheet positions of financial institutions, and some positive amount of
risk taking is always desirable. When policies change, banks optimally adjust their asset and
liability positions, thus creating feedback from policies to crisis probabilities. Policy tools
available in this model include a systematic, publicly funded bailout support framework
activated during financial panics and asset fire sales. The bailout support is provided as a
return guarantee for buyers of assets purchased from bailout-eligible banks. Importantly,
we allow for lottery-like randomness in bailout eligibility criteria to create some ex ante

uncertainty for individual banks concerning ex post bailout outcomes.

3 A model of bank runs and fire sales

The model has five decision makers: banks, patient investor firms, producers, households, and
the government. The core of the model is the financial sector that admits bank runs and fire
sales of assets. It consists of two types of intermediaries: banks and patient investors. Output
producers require external financing and obtain funds from these financial intermediaries.
We follow Stein (2012) and abstract from financing frictions between good producers and
their financial intermediaries. Instead producers are directly and exclusively controlled by
either banks or patient investors, depending on their source of funding. Banks and patient
investors collect investment returns from their producer firms and use proceeds to pay deposit
returns, bond returns, and equity returns to the households.

The resolution of uncertainty and the timing of events play an important role in gen-
erating bank runs and asset fire sales in our model. Figure 4 provides a visual guide for
the sequence of events in a generic period of this economy. Production and asset return
payments take place at the beginning of period ¢, right after the current aggregate labour

productivity z; is realized. After the settlement of liabilities issued in the previous period



t — 1, all pre-existing financial intermediaries are dissolved. Instead, equal measures of iden-
tical new banks and identical new patient investor firms (PIs) are created. Immediately after
their establishment, new banks and patient investor firms raise capital from the households.
These two intermediaries differ regarding the types of liabilities they issue and the timing
of their investments into illiquid assets of good producers. Focusing on the timing of invest-
ments, banks finance producers that have up-front capital financing needs in each period,
while patient investors specialize in financing projects that can delay their illiquid capital
acquisitions till later in the period.” Thus, banks immediately make irreversible investments
into illiquid productive assets, while patient investors can wait for fire sale opportunities
before investing into illiquid capital.

Banks’ investments are funded by issuing bank equity and two kinds of debt instruments:
1) term liabilities, which we further call bonds; and 2) callable liabilities, which we further
refer to as callable deposits. The bonds issued in period ¢ may not be withdrawn early and
must be held to maturity, which happens after production takes place at the beginning of
next period ¢ + 1. In contrast, callable deposits may be withdrawn early. The decision to
withdraw callable deposits is tied to an aggregate public signal, named the financial distress
signal. The realized value of the distress signal is revealed in each period after banks raise
funds from households and invest them into illiquid assets. With probability p;, the distress
signal is one (i.e. affirmative), indicating that all bank-financed investment projects might
lose a fraction (1 — \) of their total output (a severe financial crisis state). This signal
prompts households to withdraw all of their callable deposits, i.e. run on banks, in order
to avoid potential losses. The premature deposit withdrawals force banks to liquidate their
assets at fire sale prices. The presence of patient investors is crucial for the existence of fire
sales, allowing banks to raise funds when deposits are withdrawn prematurely. Specifically,

banks can sell ownership rights of their illiquid investments to patient investors. As described

"As explained in Stein (2012, page 68), in a model without endogenous defaults, this assumption of full
specialization and full separation between banks and patient investors is made without loss of generality. In
our model with endogenous bank defaults, it affects the default probabilities and thus has an impact on our
calibrated parameter values.
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further below, the government in our model may partially insure patient investors’ returns
against the event that the acquired bank-financed projects suffer an output loss in a severe
financial crisis.

As explained in section 3.4, we endogenize the likelihood of a bank run by assuming that
the probability of a positive distress signal p; in any given period is equal to the default
probability which is common across banks.

The rest of this section describes the decisions of various agents in the economy condi-
tional on an aggregate state S; = {W;, z;}. The endogenous state variable W; is the total
wealth of the representative household to be divided between consumption and investments
in period t. This wealth is realized after asset returns and wages are paid to the represen-
tative household at the beginning of period ¢. To simplify notation, we will assume that
a period t subscript on any variable X; represents the dependence of this variable on the
current aggregate state S; = {W;, 2,}. We will also often use X;4}y, notation to represent
the realization of a variable at the beginning of period ¢ + 1, conditional on a period ¢ finan-
cial distress state 1y, i.e. X (Wyi1, zi41]1¢). There are three possible financial distress states
indexed by ¢y € {1,2,3}. State ¢, = 1 is the most likely normal times state. This state
realizes whenever the distress signal is zero, revealing that no financial distress is happening
in the current period t. States ¢, = {2,3} are bank-run states. States 2 and 3 are preceded
by a positive financial distress signal that realizes with the endogenous probability p; and
triggers a bank run by informing all agents that only states ¢, = 2 or v, = 3 are possible in
the current period. The actual period ¢ crisis state ¢, = 2 or v, = 3 is revealed at the end
of period t, after all of the period t decisions are irreversible.

The state 1, = 2 is an aggregate state in which expected output losses for bank-financed
investment projects do not actually materialize. The banking sector as a whole doesn’t
experience any further problems and production runs smoothly in period ¢ + 1. Patient
investors realize a capital gain on their fire sale asset purchases, thus avoiding the need for

government-provided insurance. The state ¢ = 2 happens with probability ¢2, = p: (1 — q)
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and is further called a mild crisis state. Note that a mild financial crisis still inflicts an
output loss because the funds withdrawn from the financial system prematurely are not used
in current production.

The state ¢, = 3 is an aggregate state in which bank-financed investment projects suffer
a loss of (1 — A) per unit of total output that would have been produced under i, € {1,2}
states. The banking sector defaults on its liabilities to patient investors. Patient investors
receive an insurance payment from the government, partially recovering losses on insured
assets. The state 1y = 3 happens with probability ¢3; = p;q and is further referred to as a
severe crisis state.

Period t+1 starts when the aggregate labour productivity z;, is realized. Production and
asset return payments take place right after z;, is realized. After settlement of liabilities
issued in the previous period ¢, all financial intermediaries established in that period are

dissolved, thus giving way to new banks and patient investors.

3.1 The household problem

At the beginning of each period, the households supply a unit of labour services to each
producer firm, in both bank-financed and patient investor—financed sectors. After the pro-
duction takes place, households receive labour income, interest payments, and dividends and
also pay lump-sum government taxes. These receipts and payments constitute the realized
household wealth at the beginning of period . Households consume a part of this wealth
and lend the rest to banks and patient investors. It is convenient to state the representative

household’s problem at the point in time when households are making these consumption
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and savings decisions. The problem can be stated in a recursive form:

Vi = max u(C’t)+v Dh + BE;
Cy, D, AP

Z Gt Vit

Zu, N Ye=1
subject to
Ot+Zt+Zh+2—Z+Nt<Wt (2)
D — lyeq230D
Wi = +AM + RZ,\ Z, + RN\ N, (3)
+wihiy +wl hE = Ty
hf,;=1and h_, = 1. (4)

Here A? are one-period bonds (issued by either banks or patient investors) and D! are

callable deposits. R% is the discount price of callable deposits and R_lg\ is the discount price
of bonds. As mentioned before, bonds must be held to maturity, while callable deposits can
be withdrawn early. Specifically, households pull their deposits out of banks upon arrival of
a positive financial distress signal. The cost of premature withdrawals for depositors is that
they must store withdrawn assets till the next period, incurring a depreciation/storage cost
at the rate of o per unit of deposits. Thus, the realized return on deposits in period ¢ + 1
is going to be lower during a bank run episode, as reflected here by the indicator function
Ly, eq2,3), which is equal to zero if ¢, = 1 and one otherwise. Z; is banks-issued equity, while
N; is patient investors—issued equity. RtZJrl and Rﬁrl are their corresponding state-contingent
equity returns in period ¢t + 1. Each household supplies two units of labour services, which
are divided equally between producers funded by banks and by patient investors: hJ =1
and hy,, = 1. In exchange, households receive sector-specific real wages w/,; and wf, ; from
banks and patient investors. T}, is the lump-sum tax collected by the government. The term

v (Df) represents the utility value (or the liquidity service) from holding callable deposits.

This value is the peace of mind households receive from being able to withdraw deposits

13



at any time and adds to households’ utility regardless of whether deposits are withdrawn

prematurely after a distress signal.

) . . . (©) =71 (Dh)l_a—l
With the assumed functional form of the utility function “~—— + v , the
optimal allocation of wealth between consumption and the household asset portfolio implies
the following first-order optimality condition relating the return on bonds and on callable

deposits:

(— - 1) E, Z Ajapy, = Dh] — OE (Atpap + Arrags)
Pr=1

where Ay}, represents the household’s marginal utility of income in period ¢ + 1, condi-
tional on a realized value of v;. Other things equal the supply of callable deposits by the
households is diminishing in the size of the spread Intultlvely, a larger spread increases

the opportunity cost of callable deposits relative to bonds.

3.2 Financial sector and production of goods

The financial sector consists of an equal number of banks and patient investors, a measure
one of each. All producers are exposed to the same aggregate labour productivity process,

irrespective of whether they are financed by banks or patient investors:

IOg Zt+1 = Pz log Zt + €Z,t+17 6z,t—i—l - N (07 03) . (5)

In addition, banks are exposed to a log-normally distributed idiosyncratic revenue shock,
log (¢)- N (O, O'g) , realizing each period at the same time as the aggregate labour productivity
shock, z;. The idiosyncratic revenue shocks capture the cross-sectional variation in the

revenue of banks and give rise to potential bank insolvencies and bank runs.

3.2.1 A bank’s problem

Banks rely on three sources of funding: equity Z;, bonds AP, and callable deposits D;.

Callable deposits are not insured by the government, and in case of insolvency, are junior

14



liabilities relative to bonds.® Thus a financial distress signal triggers premature deposit
withdrawals from banks as households rush to ensure their safety. From the banks’ point of
view, callable deposits carry a lower cost of financing, as the interest rate on these deposits
is lower than the one on bonds. The disadvantage is that premature withdrawals of callable
deposits force banks to sell ownership rights to their illiquid assets at fire sale prices. Banks
are facing a market-enforced borrowing constraint on the maximum proportion of their total
liabilities funded by callable deposits. These borrowing constraints ensure banks’ ability to
repay callable deposits in case of a bank run. Individual banks treat the market-imposed
limit on callable deposits as exogenous; however, their joint choices have a direct impact on
the equilibrium upper bound. This collateral constraint gives rise to a standard pecuniary
externality, since the banks treat the fire sale price as independent of their own actions.

To obtain the upper bound, we need to consider the amount of callable deposits the bank
can repay under any circumstances given the equilibrium fire sale asset prices. The banks
need to raise at least D; to pay their depositors in case of a bank run.” We assume that
the banks can sell/pledge ownership rights only to the capital share of output and only in
a mild financial crisis state (1; = 2).!° The liquidation price of assets depends on whether
the government supports this liquidation providing partial insurance to asset buyers. The
probability that the government supports asset acquisition from a particular bank is a time-
invariant policy parameter n € [0,1]. This eligibility randomization is designed to create
some uncertainty for individual banks with regard to their ex post eligibility for government
assistance. For a specific bank, eligibility is determined by a random draw conducted by the
government bailout agency. With probability n, the bank wins the eligibility draw, in which

case the government partly insures returns of patient investors buying this bank’s assets.

8Bonds (callable deposits) in the calibrated model represent less (more) fragile sources of funding for
financial institutions. Bonds stand for actual bond borrowing, but also insured household deposits. Callable
deposits refer to uninsured corporate deposits and repos.

9We are making a simplifying assumption that prematurely withdrawn deposits do not incur a penalty
fee, so the entire amount D; may be withdrawn early.

10We exclude the revenue in the severe financial crisis state, 1); = 3, assuming that bond holders’ debt has
seniority over the patient investors’ debt. Allowing banks to pledge the value of assets even in a severe crisis
leads to a much higher share of short-term borrowing than in the data.

15



With probability (1 — 1), the bank is not eligible, in which case the government does not
offer any asset return guarantees to patient investors buying this bank’s assets. In either
case, the bank would have to liquidate enough assets to be able to return D, to depositors.
Ex ante, any given bank expects two possibilities: a high price of their liquidated assets x
with probability 7 and a low price of their liquidated assets xZ with probability (1 — 7). The
fire sale prices, k7 and kl, are taken as given by banks and are determined in equilibrium
to clear the insured and uninsured fire sale markets.

Given these two possibilities, the expected fire sale value of the bank’s assets,
0 1-0
{mfl + (1= ) KE} By { [el=o K+ 022 (1) (enaLbings) "] £ ¢ 1 = 2} ,

1-9
excludes the labour share of output (1 — 6) 27 (KtB )9 (thLil‘ %) as well as any revenue
generated in the severe financial crisis state (1; = 3). Here K7 represents the total amount

of illiquid capital purchased by bank-financed producers

AB D,
KP=Z+ L +—,
t """ RA TR,
while Lfil‘ 4, 18 their labour demand realized at the beginning of period t+1. The expectation

operator E; [*] here and everywhere else is defined with respect to future realization of the
labour productivity, z;,1, and is conditional on the current state S; = {W;, 2 }.

Given the uncertainty regarding bailout eligibility, the maximum amount of callable
deposits a specific bank can repay under any circumstances is bounded by the lower fire sale
price of k. The borrowing constraint can also be stated as a fraction of total capital raised
by banks

Dy

Hop A= KLE, / ¢ [(1 — 54025 (KP)" (szf;m)l‘e)} d¢. (6)

Note that banks take the maximum deposit-to-capital ratio dj*** as being a credit limit
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independent of their own actions.
Now we present a bank’s profit maximization problem, taking into account the owner’s
valuations of the future states (Atﬂwt) as well as the presence of idiosyncratic shocks, ¢, to

the revenue of banks.

wu J € { 0) KF + 27 (KF)’ (Zt+1Li12)1_9] f(¢)d¢

Z’?/)t:]. At+1 |wt
max Et AB Dt Zt R

Zy, KB, AB, wt+llwt
Dy, LB

L5

t+ 1[4 t+1[4

1]y + [(At+1|2 + At+1\3) = Nejap (# + %ﬂ D
subject to
D, AP
KP=— Z
; R, + R{f‘ + 4y
Dt max
wp <
Zy
W< 2t

The term |:_At+1‘2 (% + 1}%’)} D, in the bank’s problem reflects the uncertainty a particular
bank faces with regard to its eligibility for government bailout assistance.!'! The parameter
@y, in front of the production function is equal to A € (0,1) in a severe financial crisis
state (¢, = 3) and is equal to one otherwise. This state-contingent productivity parameter
captures our assumption that a fraction (1 — A) of total output of the bank-financed sector
is lost in a severe crisis.

The parameter w in the last inequality stands for the minimum capital requirement ratio

imposed by banking sector regulators. Given perfect competition and the lack of any tax

Note that both bonds AZ and callable deposits D; are assumed to offer “safe" returns, which do not
depend on the realization of the future state Si41. This is a simplifying assumption in our model facilitated
by dropping the requirement that the return on equity of an individual bank cannot be negative. If we
imposed such limited liability assumption, then neither returns on bonds nor returns on callable deposits
could be fully safe in period ¢ + 1. For an individual bank with debt, the probability of insolvency is always
positive, as the idiosyncratic revenue shock ¢ might be arbitrarily close to zero. With all returns accruing
to the representative household, this simplifying assumption is not likely to have a material impact on final
results. When calculating default probabilities in our model, negative equity returns are counted as bank
default events.
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advantages of debt finance in our model, both equity and debt promise the same (risk-

adjusted) expected return

3 3
E; (Z At+1|wt> R = E, <Z At“‘/’thZJrlll/)t) ’

Pr=1 Pr=1

making banks (and households) indifferent with respect to various equity-to-debt ratios. For
this reason, we can simplify the bank’s problem considerably by assuming that bank equity
is determined by the regulatory constraint and thus equal to the fraction w of total bank

capital: Z; = wKP. Moreover, since the expected marginal costs and benefits of equity and

debt financing are equal, the Lagrange multiplier on the constraint w < % is always zero.
t

It is worthwhile to note that the share of bank equity has a quantitatively important impact

on the crisis probability, as discussed in the results section below.

A simplified set of first-order optimality conditions for the bank’s problem can be stated

as follows:
0 -0
LB | (1 — 9) gpthB (KtB) (Zt+1Lg_1|,¢}t) = wﬁ_wt
3
0—-1 1-0 max
KB : Et (Z At+1|”¢1t |:9§0th3 (KtB) (ZtJrngl‘wt) - R?:|) = _Iutdt
=1
3 3
Z By (Z At+1lwt> R} = E (Z At+1¢thZ+11f1t)
Pr=1 =1
RA 5 n 1-n
D (Ftt - ) E; (1;:1 At+1|wf,> = — By (At+1|2 =+ At+1|3 - At+1\2 (E =+ HtL >)
pe >0, Dy < dinathBa Mt (dinaXKtB - Dt) =0
D, AP B
O=—+—-K (1-
Rt + R? t ( w)?

where the last equality captures our assumption that equity constitutes a share w of capital

raised by banks.
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3.2.2 Patient investor’s problem

P
The representative patient investor raises Nt+A—§g units of resources using equity NV; and bonds

AP

R =% . Unlike banks, patient investors do not have to invest immediately into illiquid capital.

Instead, patient investors wait till the banking sector distress signal is revealed. When the
distress signal is revealed, the patient investor still has liquid funds to buy assets from the
banking sector.!? The government offers a partial payoff insurance in a severe crisis state of
up to fraction x € [0, 1] of the transaction value. However, in order to discourage banks from
relying on bailouts too much, this insurance coverage is not universal. The bailout insurance
eligibility is available with probability n for any given distressed bank. This arrangement
captures two aspects of the bailout support measures observed in 2008. First, to facilitate
the Bear Stearns acquisition, the Federal Reserve Bank guaranteed a 29-billion-dollar loan
to JPMorgan Chase for a 30-billion-dollar transaction. These amounts imply a high but not
full insurance coverage, x. Second, not all distressed financial institutions were bailed out,
with Lehman Brothers providing the prime example. The parameters (7, y) characterize the
government ex ante bailout policy known by all agents.

Independent of the bank run situation, a patient investor can always invest remaining

funds into its own production firm. The problem of the patient investor can be formulated

as follows:
P P (1 P\ p 0
3 (1 — 6) Kt + z (Kt ) (Zt-i-lLtJrlwt)
max P ;
DI, DY, KP, ! _Rt+1\sz wt+1l1/}tLt+1\¢t A
Ni, AP, LP ;
t t4+1]4y + (At—‘rl\Q (/?T}tl + é) + At+1\3X-Dt>
subject to

P AP U
K < Nt R 1¢t€{23} [D —|—D ]

t

12Patient investors in our model purposefully hold back funds in search of more profitable investment
opportunities.
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where D! and DY represent the amounts of funds spent on acquisition of assets from bailout-
eligible (insured) and bailout-ineligible (uninsured) banks, correspondingly. Both D! and DY
are equal zero in a normal state, ¢, = 1, which does not have a fire sale event. The indicator
function 1y,e(o,3; in front of [Df + DY] in the funding constraint reflects our assumption that
the fire sale market opens after a positive distress signal rules out the normal state ¢, = 1,
but before it is known whether it is going to be state 1, = 2 or ¢y = 3. The parameter
X € [0, 1] represents the fraction of the value of insured assets D/ that the patient investor
is going to recover from the government bailout funds in case of a severe crisis state ¢, = 3.

We abstract from portfolio heterogeneity across patient investors. The representative
patient investor buys all of the fire sale assets, both insured and uninsured, diversifying away
idiosyncratic revenue risks of individual banks. The purchases entitle the patient investor to
state contingent returns

i gy =2 o iy =2
RtIﬂ/Jt = = t and Ri{% = " t

X5 1fwt:3 0, lfwt:3

on each unit of acquired assets D! and DV correspondingly. The fire sale prices, k7 and xr,
adjust to clear both insured and uninsured fire sale asset markets.

The problem of the patient investor implies the following first-order optimality conditions:

A i o— —6
D' E, ( :Hm + XAt+l3) =E; (Z Mgy, 02° (Kf) ' (Zt+1Li1\¢t)l ) (7)
t Pr=2

A - - -

DY . E, ( :;2) =E; (Z AHH%HzP (Ktp)e ' (ZtHLirl\w)l 0> (8)
=2

N : Rzilhpf, =027 (Ktp)oil (Zt+1L5F1|T,Z)t)179

LY wﬁrlwt = 241 (1—0) 27 (Ktp)e (Zt+1Lt]jr1|wt)79

Without loss of generality, we further assume that all of the patient investor’s capital is

funded by equity only, i.e. AT = 0. Just like in the bank’s problem above, this assumption
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is inconsequential. Under constant returns to scale and perfect competition assumed here,

the optimal equity-to-debt ratio of patient investors is undetermined.

3.3 Government

The government in our model manages financial system risks with two policy tools: a regula-
tion to restrict risk taking at all times and a bailout insurance policy to contain the negative
consequences of a crisis. The regulation is a Basel-style capital adequacy ratio (CAR) ensur-
ing that at least 100 x w percent of capital at risk (Kf ) is financed by bank equity (Z;). It is
represented in our model by the minimum equity capital requirement ratio K%g > w3 Asa
result, losses up to w fraction of total assets are absorbed by bank equity without triggering
insolvency. This fact is relevant when we are computing the risk of bank defaults, and the
associated endogenous distress probability p;, as explained in Section 3.4 below.

The second type of government intervention is the ex ante known bailout policy which is
parameterized by 1 and x. The bailout policy is funded with lump-sum taxes collected from
the households in a severe financial crisis state. Thus, the lump-sum tax on the households
is positive only in the realized severe crisis state: Tyy13 = xD{. In the other two states
(¢ = 1,2), the lump-sum tax on households is zero.

The main focus of our paper is on the interaction between the three policy parameters,

w, n and y, and the implications for the representative household’s welfare.

3.4 Endogenous distress probability

As mentioned earlier, in our model the chance of a financial sector distress is linked to the
composition of banks’ liabilities. Specifically, the probability of an affirmative distress signal
p; is assumed to be equal to the probability of an insolvency problem arising for any given

(ex ante identical) bank. This is a strong assumption that may not always hold in reality.

13In reality, CAR is not always equivalent to the equity-to-total-assets ratio. The assets in the denominator
of CAR must be risk weighted, with less risky assets carrying less than full weight. For simplicity, in our
model all of the banks’ assets have the same risk.
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However, it makes sense for the following two extreme cases. If banks never face insolvency
problems, then logically, it wouldn’t make sense for them to be in distress. At the other
extreme, suppose it is almost certain that banks are going to be insolvent, then households
should withdraw funds with near certainty. The presence of idiosyncratic revenue shocks
¢ in the bank-financed production function assures that the probability of bank failures is
always positive unless banks are 100 percent equity financed. The banks’ financing choices
regarding bond and callable deposit liabilities make their default probability endogenous.
In the model context, a solvency problem arises if banks can’t pay the depositors and the
bond holders without realizing negative equity returns. Formally, the assumption we make

to relate the two events, solvency and distress signal, is
Pr(distress signal in period t) = p, = Pr (insolvency in period t) .
The probability of insolvency is determined by

Pr (insolvency in period t) = (1 — p;) Pr (Rﬁ”1 (¢) <0) +peg [Pr (RtZH|3 (¢) <0)]

+p:(1—q) [77 Pr (RtZ+1|2 (¢, H) < 0) +(1—mn)Pr (RtZ+1\2 (¢, L) < 0)} .

Where RtZJrl‘2 (¢, H) is the equity return in a mild financial crisis, for a bailout-eligible bank,

with the value (¢ of its realized idiosyncratic revenue shock. As a bailout-eligible bank, it

Z

71112 (G, L) is the return for a particular bank,

enjoys the higher fire sale price k7. Likewise, R
which was not lucky to win eligibility for a government bailout and thus must accept a lower

liquidation price sl for it assets. The returns on bank equity are calculated as profits per
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unit of equity:

RtZ+1|¢t:{1,3} (C) = Ht+1|wt:{1,3} (C) /Zt,
RE e (¢ ) = Ty 0 (€) / 24,

J ={H, L} for bailout eligible or ineligible banks.

The profit functions are different for bailout eligible and ineligible banks only in state v, = 2,

in which the banks honour their liabilities to patient investors:'*

e Q) = ¢ [(1=0) K + 22 (KP)” (zea L) | = whap Ly — AP = Dy

0 1-0 D
HZ]+1|2 (O = [(1 - 5) Kf + 27 (KtB) (Zt+1Lgr1\2) ] wﬁuszp AB _}

Ky
413 (¢) = AC [( 0) K + 2 (KI:B)G (Zt+1Lt+1\3)1_0] wiiiaLiys — A7

We can rewrite the equation for the endogenous probability as follows:

by — Pr (I;4111 (€) < 0) ©)

1+ Pr (Iitqp1 (¢) < 0) — ¢ Pr (Hgsap3 (€) < 0)
— (1= g) [nPr (4,5 (Q) < 0) + (1 =) Pr (T4, () < 0)

Notice that for bank runs to occur, it is essential that a positive measure of insolvencies is
possible in normal times, i.e. Pr (I (¢) < 0) > 0."» The idiosyncratic revenue shock ¢
makes sure that is always the case, as long as banks do not finance themselves with only
equity.'® In the calibration section we assess the degree of idiosyncratic revenue risk from

the balance sheet data of U.S. depository institutions.

"In calculating these profits, we assume that the labour compensation w? i Lt +1| 4, 1s independent of a
bank-specific idiosyncratic revenue shock (.

15 A similar insight led Angeloni and Faia (2013) to augment the standard productivity shock with a sizable
idiosyncratic component.

16With Pr (thﬂ‘1 () < O) = 0, there could in principle be sunspot equilibria with bank runs. Our

calibration rules them out.
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3.5 Market clearing conditions

There are several markets in this economy: a final goods market that provides both con-
sumption and investment goods, a callable deposit market, a bond market, an equity market,
two fire sale markets (bailout insured and uninsured), and two labor markets. The market

clearing conditions imply the following equalities:

Ct + KtB + Nt = WtWth1
P P (P\? P =
(1—0) K + 2" (K[) (zt+1Lt+1lwt> +
) 1-0
Wiens, = | oo (0= 00 K2 522 (60" (mnaif) ]
+1pefas (1 —0) DY

K[ = Ny = Ly,eqpsy [Df + DY

D! = D,
Al = AP
DtI =nDy

Dij = (1 - 77) D,
Liy, = g, =1

P 1P _
Litapy, = Py, = 1-

3.6 Policy options regarding financial stability

In our model, financial crises can happen only after a distress signal triggers a bank run and
asset fire sales. While the assumption that banking crises cannot happen without bank runs is
strong, it gives government policy the best chance of achieving its financial stability objectives
by discouraging fragile sources of funding and ensuing fire sales. With the endogenous distress
probability tied to the banks’ insolvency, as discussed in section 3.4, the government policy

can reduce the likelihood of financial crises by making bank failures less likely. A reduction
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in the probability of bank failures could be achieved by restricting the amount of callable
liabilities issued by banks or increasing the equity share in total banks’ liabilities. Since the
representative household derives utility from callable deposits, eliminating fragile funding
cannot be optimal. The optimal policy in our model must strike a balance between the utility
benefits of callable deposits and their potential costs in a crisis. The bailout insurance policy
presents an additional policy trade-off. On the one hand, it helps to alleviate the banking
sector’s losses in a crisis. On the other hand, it may encourage more risk taking by the
private sector. As discussed in the results section, a generous bailout insurance policy is
welfare beneficial if complemented with a tighter capital adequacy requirement, but not

necessarily without it.

3.7 The numerical solution method

Our model features strong nonlinearities resulting from tail events associated with bank
runs, fire sales, and output losses. A global solution method is needed to reliably assess the
benefits of financial stability policies not only in the vicinity of the stochastic steady state,
but also during the low probability events associated with bank runs. We solve the model
using a modified version of the endogenous gridpoints method proposed by Carroll (2006).
Our modification allows us to reduce the problem’s state space at the expense of creating two
root-finding problems. Specifically, instead of keeping track of the two capital stocks K2, KF
and the deposits D!, we summarize the current period endogenous state by the representative
household’s wealth W, ,. The two root-finding problems help to determine the optimal
household portfolio in terms of two capital stocks K (Wtwkl, zt) , K*F (Wtwkl, zt) and the
callable deposits D" (thwH, zt). The Compecon package of Miranda and Fackler (2003) was
used to approximate these decision policy functions using splines with 45 grid points for the
endogenous state variable W, , and seven grid points for the exogenous state variable z.

7

Starting with an initial guess,!” we iterate by solving the portfolio problem and generating

1"To generate an initial guess for the consumption policy function C (Wtwkl,zt), as well as for capital
allocations, K2 and K*', we start by solving a frictionless version of the model without financial crises, and
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updates for the endogenous grid over K*. Appendix A.1 contains the complete system of
dynamic equations used to solve and simulate our model economy.
Endogenous default probabilities were estimated at each step by fitting Epanechnikov ker-

nel distributions to the state contingent profits I, 1)y, 1,33 (¢) and II/ (¢), simulated

t+1]ghy=2

with 300,000 random realizations of the idiosyncratic shock, (.

4 Calibration

We calibrate the model to match key moments of the U.S. economy and its financial sector for
the period before the Great Financial Crisis. The basic macroeconomic parameters are set in
accordance with their conventional business cycle values for an annual frequency model. They
are the depreciation rate 6 = 0.1; the relative risk aversion in the utility function, o = 2;
and the Cobb-Douglas parameter in the production functions of all producers, § = 0.33.
The aggregate labour productivity process was parameterized by fitting an AR1 process to
the U.S. labour-augmenting productivity series inferred from the annual frequency PWT
9.0 data (Feenstra et al. 2015). The resulting AR1 parameters estimates are p, = 0.881
for the persistence and o, = 0.029 for the standard deviation of innovations. These basic
macroeconomic parameters are summarized in Table 1.

The other parameters are more specific to our model. The benchmark policy parameters
are set at values consistent with the Basel II framework, prevalent before the Great Financial
Crisis. Specifically, the capital adequacy parameter, w, is set to 0.08, while both bailout
policy parameters are zero: Y = 1 = 0 because, arguably, there was no expectation of
bailout insurance before the Great Financial Crisis.

We estimate the remaining six parameters using a minimum distance estimation proce-
dure, which aims to match simulated model moments to their counterparts in the data. The

moments for model and data are listed in Table 3. The parameter estimates are in Table 2.

without debt financing. Our initial guess for the deposits policy function posited a proportional relationship
between D" and KB.
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These parameter estimates were obtained by solving the following optimization problem
mTing (7')’ Wexe g(7),

!
where 7 = (5,7, z—i,q, )\,0<> and ¢ (1) is a six-by-one vector of normalized moment de-

mi(7) 1

i

viations ( >, with m; being one of the six data moments and m; (1) being the
corresponding model moment averaged over a simulation with 300,000 periods. The matrix
Wew«e weighs all the simulated moments equally except the one corresponding to the average
default probability p;. We increased the weight on this moment one hundredfold, given its
importance in our model.'® Table 3 indicates a very close fit between the model and data
moiments.

Focusing on specific moments, the decline in output level in a mild financial crisis state
(1 = 2), relative to the normal state (i = 1), targets the peak-to-trough decline in the
(exponentially de-trended) U.S. real GDP per capita during the Great Recession of 2008-

2009.

0 1_ 0 1-—
100 (1 IR Dt 2P P

= ||AGD Pspps_2009|| = 8.65%

This moment helps to pin down the calibrated value of z? relative to the normalized value
of 2 = 1 and thus determines the relative size of the bank-financed sector.

The decline in output level in the severe financial crisis state (¢, = 3), relative to the
normal state (¢, = 1), targets the peak-to-trough decline in the (exponentially de-trended)

U.S. real GDP per capita during the Great Depression of 1929-1931.

100 (1 B 2P [KP - Dﬂg 2270 4 AP [Kf]e P

= ||[AGD Pygg9 = 34.75%
IR o0+ 22 (KE o ) 8D om ]

This moment helps to determine the calibrated value of (1 — \), the fraction of bank-financed

18The diagonal matrix Wgye has ones in five of its main diagonal entries and 100 as the sixth diagonal
element. All other elements are zero.
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output lost in a severe financial crisis.

The remaining four model moments in Table 3 are from simulations without a realized
financial crisis, as the corresponding data moments focus on a relatively calm recent period
before the Great Financial Crisis. The average ratio of callable deposits D, to total bank
capital K7 in the model corresponds to the average ratio of short-term uninsured liabilities to
total assets of private depository institutions (31.54%). This target moment was particularly
important for the degree of market incompleteness and pecuniary externalities in the model
arising because of the borrowing constraint on the ratio of callable deposits. We combined
wholesale short-term funding (e.g. repos) with uninsured retail deposits to determine the
fraction of funding exposed to premature withdrawals. These series were collected from the
Financial Accounts of the United States (Z.1) dataset for private depository institutions for
the period between 2002Q1 and 2007Q4. This moment helps us identify the probability ¢ of
a severe financial crisis state happening after a financial distress signal.

The next two moments are based on time series for the period between 1986Q1 and
2007Q4. The average return on bonds 100 (R;4 — 1) was matched with the average net real
return calculated from Moody’s series for AAA seasoned corporate bond yields, adjusted by
subtracting the term spread between 5-year and 1-year government bonds. This adjustment
is needed since Moody’s corporate bonds typically have 5 to 10 years till maturity, while our
model has only 1-year bonds. This moment (3.94%) pins down the value of the household
discount factor, [3.

i

jo 1), targets the average spread be-

The average level of the interest rate spread, <
tween Moody’s corporate bond yields discussed in the previous item and the 5-year govern-
ment bond rate. The average spread (1.5%) pins down the value of the liquidity preference
parameter « in the household utility function.

As mentioned above, in our parameter search procedure, we have been particularly care-

ful about matching the average distress probability, which has an important impact on the

welfare benefits of financial stability policies. The average value of the distress probabil-
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ity, p¢, in our simulations was targeted at the inverse of the number of years between the
beginning of the Great Depression (a severe financial crisis) and the Great Recession (a
mild financial crisis): o155 = 75- Lhus, an implicit assumption is that the start of
the Great Recession happened the expected number of years after the start of the Great
Depression, given the average crisis probability value.! This moment helps to pin down
the volatility of idiosyncratic bank revenue shocks, . The estimated standard deviation of
these idiosyncratic shocks, o, = 0.025, implies that the cross-sectional volatility of banks’
profits should be 2.5 percent per year. To obtain independent evidence on the magnitude
of idiosyncratic bank shocks, we looked at the cross-sectional balance sheet data for private
depository institutions in the United States. The cross-sectional volatility of the profitability
measure we collected, Net Operating Income per unit of Assets (NOIA), accords well with
the cross-sectional volatility of bank profits in our model. The top panel of Figure 5 shows
the cross-sectional standard deviation of NOIA from 1986 to 2010. We find that our estimate
for idiosyncratic risk is at the lower end of the observed range of possible values. Thus we
view our calibration as being a conservative one regarding the importance of financial distress
risk in the economy. Furthermore, from the lower panel of Figure 5, we find that the share of
depository institutions, facing operating losses in excess of the minimum regulatory equity

holdings, reaches a value of more than 0.6 percent during the Great Recession, highlighting

a sizable amount of risk similar to that in our model.

5 Results

For practical reasons, in this section, we align our capital adequacy constraint with the actual
regulatory environments before and after the Great Financial Crisis. The tighter requirement

captures the regulatory framework introduced as part of the Basel III initiative in response

19Tn our calibration procedure, we averaged the distress probability p; over long simulated series without
any realized bank run events. We excluded bank run events from this simulation because, arguably, there
was no systemic financial crisis in the United States between the Great Depression and the Great Recession
comparable in its severity to these two financial calamities.
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to that crisis. One of the key enhancements of the Basel III framework relative to Basel
IT is that the minimum capital adequacy ratio for depository institutions was raised from
8 percent to 10.5 percent (BIS 2011). Our model captures these two regulatory regimes by
setting the parameter w at 0.08 and 0.105.

Our analysis confirms that capital adequacy requirements play a crucial role in controlling
risk. Importantly, they also affect the desirability of bailout policies. Before discussing the
interaction between policies, it is helpful to evaluate the impact of the capital adequacy ratio

alone.

5.1 The aggregate implications of capital adequacy regulation

To isolate the effects of CAR regulation, we hold the bailout policy parameters (7, x) fixed at
their calibrated values of (0,0). With the bailouts thus rendered inactive, we compare several
model-simulated moments for two otherwise identical economies, facing identical sequences
of shocks, but with the values of w equal to 0.08 or 0.105. Key implications of different CAR
regulations are summarized in Table 4. All of the listed moments in the table are averaged
over 100 simulations with 300,000 periods in each series and reported in percentage points.

As shown in the second row of Table 4, the tighter regulation, w = 0.105, substantially
reduces the financial crisis risk in the economy by lowering the average distress probability
from 1.33 to 0.11 percent. The lower distress probability is a direct consequence of lower
average default rates induced by a higher proportion of equity buffers on banks’ balance
sheets. Tighter regulation does not only affect the average probability. It changes the entire
distribution of distress probability realizations significantly (Figure 6). The tighter regulation
leads to a distribution that is much closer to zero (left histogram), and substantially more
concentrated than the distribution under looser regulation (right histogram).

The lower financial risk in the economy with tighter CAR significantly raises the average
welfare. Measured in units of extra lifetime consumption (LTCE), the welfare increase from

tighter regulation amounts to 1.68 percent of additional consumption (the third line of Table
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4).20 The welfare loss magnitudes reported in Table 4 are relative to the first best allocation,
found as the solution of the Social Planner’s problem. In the Social Planner’s problem, the
distress probability is a constant equal to 0.11 percent, consistent with the average p; in our
benchmark economy with w = 0.105. The Social Planner also has more freedom in selecting
the amount of callable deposits, D}, being restricted only by feasibility and not by the
funding constraint the banks face. The welfare gain in the economy with tighter regulation
is made possible by higher investment rates that raise the average amount of wealth in the
economy. Specifically, the economy with w = 0.105 accumulates 3.65 percent more wealth,
on average, than the economy with looser regulation, and 1.02 percent more than the first
best allocation (the fourth line of Table 4).2!

Consistent with the regulatory tightening, the average share of callable deposits as a
fraction of total bank assets goes down from 31.78 percent under a looser CAR to 30.63
percent under the tighter regime (line 5 of Table 4). Despite the reduced share of fragile
funding, the economy with higher w suffers larger output losses in both mild (line 6) and
severe (line 7) crisis episodes. These output losses are due to the higher wealth levels attained
under w = 0.105. The differences in output losses between the two economies are, however,
not very large. Finally, the average returns are higher by 33 basis points in the economy with
tighter regulation, despite the rise in average wealth (line 8 of Table 4). The higher average
return is made possible by the reduction in the frequency of destructive crisis episodes in the
economy with larger bank equity buffers.

Overall, our analysis suggests that Basel III tightening of capital adequacy ratios had a
substantial positive impact not only by strengthening financial stability but also by raising
household welfare and wealth.

Our results regarding the welfare benefits of tighter CAR regulation contradict, to some

extent, the findings in Elenev et al. (2021). The optimal equity capital buffers in their model

20 Appendix A.2 defines our LTCE welfare measure in mathematical terms.
21 Average wealth is reported as the net percentage points increase relative to the average wealth in the
first best allocation.
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are lower than those in existence prior to the Great Financial Crisis. While our models are
not directly comparable, we think that the primary source of the difference is that financial
equity issuance in Elenev et al. (2021) involves quadratic adjustment costs. In our model,
neither equity of any kind nor debt issuance impose direct resource costs. All the funding
costs are associated with the endogenous crises and the fire sale externality. Adding equity

issuance costs is an interesting extension of our model left for future research.

5.2 Assessing bailout policies

We now analyze the implications of different CAR regimes for the effects of bailout policies.
We use a series of three-dimensional surface plots to present the results, which show policy
outcomes for various combinations of (7, x) pairs while holding the capital adequacy ratio w
fixed either at 0.08 or 0.105. All surface plots, such as Figure 7, position the most generous
bailout insurance policy closest to the viewer. By most generous, we mean the bailout
framework with 100 percent loss coverage (y = 1) and nearly full certainty for individual
banks regarding their assets’ ex post bailout insurance eligibility (7 = 0.99).22

Two key results emerge from our analysis of the welfare impact of bailout insurance provi-
sions in the economies with tighter and looser CAR regulations (Figures 7 and 8 respectively).
First, a tighter CAR regime raises welfare substantially, independent of the bailout policy.
Second, with looser CAR regulation, the bailout policy configuration matters, as different
coverage and eligibility ratios have non-monotone welfare implications.

Focusing first on the case of tighter regulation, the welfare loss is decreasing both in
the coverage ratio y and in the eligibility probability 1. The rate of welfare improvement
is accelerating as x approaches one. In contrast, for the case of a looser CAR, we find
a strongly non-monotone response of welfare losses to various combinations of the bailout

insurance ratios. Starting from an economy without any bailout support and increasing

22We excluded the limiting case of full certainty from our consideration because, for most values of y, the
equilibrium computation procedure failed to converge with 7 = 1. This discontinuity arises because at n =1

the worst-case fire sale collateral price in the banks’ borrowing constraint (6) switches from xZ to /.
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both eligibility and coverage ratios at the same time, we see that welfare loss initially rises
as bailout policies become more generous and more certain. However, as we approach the
upper bound, the welfare loss starts to fall and reaches 1.80 percent of lifetime consumption
for the most generous bailout insurance (xy = 1, n = 0.99), which is 3 basis points below its
level without bailout support (i.e. with either x = 0 or n = 0) and 14 basis points below
its peak. Interestingly, the optimal bailout configuration under a loose CAR regime includes
full loss coverage yet only an 80 percent chance of eligibility. This means that a moderate
number of bank failures during a financial crisis is socially desirable when capital adequacy
constraints are less tight. As we shall see, this bailout policy configuration reduces the
average probability of a crisis relative to the most generous insurance. The ranges of welfare
changes due to variations in bailout policies are modest: 3 basis points of LTCE for tighter
regulation and 14 basis points for looser regulation. These welfare differences are an order
of magnitude smaller than the welfare improvement associated with changes in the capital
adequacy ratio. From a policy perspective, our quantitative results suggest that generous
but not 100 percent assured bailout support of financial institutions is likely to be welfare
beneficial, or at least not very costly, as long as the CAR requirements are sufficiently tight
and effective.

One key concern regarding bank bailouts is that banks will anticipate them and assume a
more than the prudent amount of financial risk. Our model allows us to quantify the impli-
cations of various bailout and capital adequacy regimes for the average distress probability
(Figures 9 and 10). Both probability surfaces have similar shapes, though different implica-
tions regarding financial system stability. As before, we move from the least generous bailout
regime (no coverage, no chance of eligibility) to the most generous regime (full coverage, 99
percent eligibility). Initially, more generous bailouts lead to a higher probability of distress.
However, the distress probability eventually starts to decline as we approach the (1,0.99)
limit. This decline is very sharp under the tighter CAR regime. The fraction of insured

losses, Y, has a more pronounced effect on the distress probabilities and has to be higher
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than 0.93 for default probabilities to show a substantial decline for both CAR regimes. The
key difference between the CAR regimes is the vertical range of the probability surfaces. A
tighter CAR implies that the bailout regime barely affects the distress probability. Hence,
the higher proportion of bank equity induced by the tighter CAR regulation reduces the
sensitivity of aggregate risk taking to changes in the bailout expectations, dampening their
impact on distress probability.

This is not the case when the regulatory policy is less restrictive, w = 0.08. The distress
probability rises rapidly from 1.33 to 1.66 percent, and then moderates by a mere 0.1 percent
from its peak as the bailout policy framework becomes more generous.

The non-monotone response of the distress probability to variation in x and 7 is a reflec-
tion of two opposing effects. First, higher x and 7n values imply a lower default prevalence
among banks during financial crises since they raise the fire sale price of bailout-eligible bank
assets, k1. The range of the increase in x is 0.29 — 0.65 for the economy with w = 0.105
and 0.3 — 0.69 for w = 0.08. The eligibility probability parameter n has a relatively limited
impact on the fire sale price k7, as most of the variation in the £ is due to changes in the in-
surance coverage fraction, y. The second effect arises because more generous bailout support
prompts increases in household holdings of bank equity, thus increasing the size of the bank-
ing sector’s balance sheet relative to that of the patient investors. This reduces the capacity
of patient investors to absorb bank assets during a crisis, leading to lower fire sale prices
for uninsured banks (/if) As a result, banks’ default probabilities increase. In addition, a
larger amount of bank assets raises the borrowing limit on callable deposits (see equation
6). The second effect increases aggregate risk taking and captures the commonly expected
risk-shifting effect of public bailouts. It has a dominant effect on distress probabilities at
lower levels of y and 7.

If we use the crisis probability as the indicator of financial stability, then our results
suggest that an appropriately set capital adequacy regulation is key both for (i) greater

financial stability and (ii) the merits of bailout policies in terms of financial stability and
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welfare objectives. Specifically, generous bailouts are welfare improving and financial stabil-
ity enhancing when the CAR is tight. In contrast, a looser CAR implies that a no-bailout
policy is best for financial stability but not for welfare.

To gauge the importance of endogenous distress probability, we assess the aggregate
effects of bailout policies in a model with exogenous distress probability. Specifically, we
consider an otherwise identical model, in which the distress probability p is a constant value of
0.0133, consistent with the average distress probability in our endogenous probability model
with w = 0.08. Focusing on welfare (Figure 11), we see that the absence of an endogenous
response of distress probability to bailouts makes a generous bailout policy unambiguously
desirable. The welfare loss surface is monotonically decreasing and much more linear in
bailout framework ratios compared to the endogenous probability setup (Figure 8).

Turning back to the endogenous probability model, Figures 12 and 13 show the average
wealth surfaces for w = 0.105 and w = 0.08, respectively, normalized by the average wealth
from our Social Planner problem. The average wealth levels in both economies are rising at
accelerating rates as bailout policy parameters become more generous. However, the range
of wealth increases is an order of magnitude wider under the less restrictive CAR, reaching

1.3 percentage points versus (.17 percentage points in the economies with tighter regulation.

6 Conclusions

The Great Recession of 2008-2009 was a painful reminder of the disruptive forces associated
with financial crises. Asset fire sales, financial sector defaults, and household sector defaults,
as well as credit market dislocations, contributed to large and lasting effects of the crisis
on output, investment, employment, and social welfare. Governments around the world
improvised with unprecedented fiscal and monetary support measures aimed at alleviating
financial system stress. Few of the government support measures generated as much public

discontent and pushback as emergency bailouts of distressed financial institutions. Despite

35



being much less costly ex post than initially feared, the bailouts raised concerns about their
potential to increase the likelihood of ruinous future financial crises, as people anticipate
similar bailout support measures and take on excessive risk.

We contribute to the debate about the merits of bank bailouts by developing and care-
fully calibrating a quantitative framework with endogenous financial crises and asset fire
sales. Then we employ the model to consider the costs and benefits of different bailout
arrangements, taking into account the capital adequacy regulation. We find that generous
bailout insurance for financial institutions is likely to be beneficial, or at least not very costly
in the long run, provided the equity capital buffer enhancements, introduced as part of Basel
ITI, remain effective. With looser capital adequacy regulation, bailouts could indeed lead
to excessive risk taking and elevated crisis risks, with detrimental consequences for public
welfare. Thus, policymakers and regulators should be vigilant to avoid the erosion of capital
adequacy regulations by ever-present financial engineering and lobbying.

With modifications, our framework can be adapted to evaluate other financial stability
measures and regulatory tools. Given the powerful impact of changes in the capital adequacy
ratio in our model, we think a welfare analysis of countercyclical capital buffers could be a

fruitful future research endeavor.

References
[1] Angeloni, I., and E. Faia (2013) “Capital Regulation and Monetary Policy with Fragile
Banks,” Journal of Monetary Economics, 60(3): 311-24

[2] Begenau, J. (2020) “Capital Requirements, Risk Choice, and Liquidity Provision in a
Business-Cycle Model,” Journal of Financial Economics, 136(2): 355-78

[3] Begenau, J., and T. Landvoigt (2021) “Financial Regulation in a Quantitative Model

of the Modern Banking System," NBER working paper, No 28501

[4] Bianchi, J. (2016) “Efficient Bailouts?" American Economic Review, 106(12): 3607-59

36



[11]

[12]

[13]

[14]

[15]

[16]

BIS (2011) “Basel III: A Global Regulatory Framework for More Resilient Banks and

Banking Systems,” Basel Committee on Banking Supervision, June 2011

Borio, C. (2018) “Translation of an interview with Mr Claudio Borio, Head of the Mone-
tary and Economic Department of the BIS, with Portafolio, conducted by Mr Ricardo

Avila on 9 July 2018. Available at https://www.bis.org/speeches/sp180814.htm

Canzoneri, M., B. Diba, L. Guerrieri, and A. Mishin (2020). “Optimal Dynamic Capital
Requirements and Implementable Capital Bufer Rules," Finance and Economics

Discussion Series 2020-056. Washington: Board of Governors of the Federal Reserve

Carroll, C.D. (2006) “The Method of Endogenous Gridpoints for Solving Dynamic Sto-

chastic Optimization Problems,” Economics Letters, 91(3): 312-20

Chari, V. and P. Kehoe (2016) “Bailouts, Time Inconsistency, and Optimal Regulation:

A Macroeconomic View," American Economic Review, 106(9): 2458-93

Collard, F., H. Dellas, B. Diba, and O. Loisel (2017) “Optimal Monetary and Prudential

Policies," American Economic Journal: Macroeconomics, 9(1): 40-87

Coskun, Yener (2011) “Financial Engineering and Engineering of Financial Regulation,"

SSRN Electronic Journal. 10.2139/ssrn.1960890

Dam, L. and M. Koetter (2012) “Bank Bailouts and Moral Hazard: Evidence from

Germany," The Review of Financial Studies, 25(8): 2343-80
Davydiuk, T. (2018) “Dynamic Bank Capital Requirements," SSRN Working Paper

Diamond, D. and P. Dybvig (1983) “Bank Runs, Deposit Insurance, and Liquidity,"
Journal of Political Economy 91(3): 401-19

Diamond, D. and R. Rajan (2002) “Bank Bailouts and Aggregate Liquidity," American
Economic Review, 92(2): 38-41

Diamond, D. and R. Rajan (2012) “Illiquid Banks, Financial Stability, and Interest
Rate Policy," Journal of Political Economy, 120(3): 552-591

37



[18]

[19]

[20]

[21]

22]

23]

[24]

Elenev, V., T. Landvoigt, S. Van Nieuwerburgh (2021) “A Macroeconomic Model with
Financially Constrained Producers and Intermediaries," Econometrica, 89(3): 1361—

418

Farhi, E. and J. Tirole (2012) “Collective Moral Hazard, Maturity Mismatch and Sys-

temic Bailouts,” American Economic Review, 102: 60-93

Feenstra, R. C., R. Inklaar and M. P. Timmer (2015), “The Next Generation of the

Penn World Table," American Economic Review, 105(10): 3150-82

Gertler, M., N. Kiyotaki, and A. Queralto (2012) “Financial Crises, Bank Risk Expo-
sure, and Government Financial Policy,” Journal of Monetary Economics, 59(S):

S17-534

Gorton, G. (2012) Misunderstanding Financial Crises: Why We Don’t See Them Com-

ing, Oxford University Press, Oxford

Gorton, G., and A. Metrick (2012) “Securitized Banking and the Run on Repo,” Journal
of Financial Economics, 104(3): 425-51

Gorton, G. and L. Huang (2004) “Liquidity, Efficiency, and Bank Bailouts," American
Economic Review, 94(3): 455-83

Hett, F. and A. Schmitt (2017) “Bank Rescues and Bailout Expectations: The Erosion
of Market Discipline during the Financial Crisis," Journal of Financial Economics,

126(3): 635-51

Keister, T. (2015) “Bailouts and Financial Fragility," Review of Economic Studies,

83(2): 704-36

Miranda, M., and P. Fackler (2003) Applied Computational Economics and Finance,
MIT Press, Boston

Miinnich, S. (2016) “Readjusting Imagined Markets: Morality and Institutional Re-

silience in the German and British Bank Bailout of 2008," Socio-Economic Review,

38



14(2): 283-307

[28] Nguyen, T. T. (2014) “Bank Capital Requirements: A Quantitative Analysis," Working
Paper Series 2015-14, Ohio State University, Charles A. Dice Center for Research in

Financial Economics
[29] Poole, W. (2008) “Market Bailouts and the ‘Fed Put,”" Federal Reserve Bank of St.
Louis Review, 90(2): 65-73

[30] Reinhart, C.M., and K. Rogoff (2011) This Time Is Different: FEight Centuries of Fi-

nancial Folly, Princeton University Press, Princeton

[31] Stein, J. (2012) “Monetary Policy as Financial-Stability Regulation,” Quarterly Journal

of Economics, 127(1): 57-95

[32] U.S. Congress (2018) “Economic Growth, Regulatory Relief, and Consumer Protection
Act," U.S. Congress, May

[33] Yellen, J. (2018) Remarks in a discussion moderated by New York Times columnist
Paul Krugman at CUNY, December 10

39



7 Tables

Table 1:

Basic macroeconomic parameters

PARAMETER

VALUE DETERMINATION

Capital income share
Depreciation rate

Relative risk aversion

0 =0.33 Standard value for RBC literature

6=0.1 Standard value for RBC literature

o= 2 Standard value for RBC literature

Labour productivity process

persistence

standard deviation

p.= 0.881 Fitting AR(1) process to U.S. labor

0,= 0.029 productivity inferred from PWT 9.0
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Table 2: Estimated model parameters

PARAMETERS VALUE
Household discount factor 6] 0.96
Liquidity preference weight ol 0.006
Relative TFP of the bank-financed sector i—i 1.57
St.Dev.of idiosyncratic bank productivity shocks o¢ 0.025
Probability of a severe crisis after bank run, in % q o7
Fraction of bank-financed output lost in a severe crisis, in % 1 — X\ 40

Table 3: Model simulated moments and data moments

MOMENTS IN PERCENT DATA MODEL
Average spread 1.50 1.50
Average real return on bonds 3.94 3.93
Average share of fragile funding 31.54 31.78
RGDP drop during Great Recession 8.65 8.60
RGDP drop during Great Depression  34.75 34.98
Average financial distress probability — 1.266 1.266
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Table 4: Average moments for the economies with different equity to capital ratios

MOMENTS IN PERCENT w = 0.08 w = 0.105
Average financial distress probability 1.33 0.11
Average welfare loss (LTCE) 1.83 0.14
Average wealth relative to first best -2.63 1.02
Average share of callable funding 31.78 30.63
RGDP drop in a Mild Crisis 8.60 9.28
RGDP drop in a Severe Crisis 34.98 35.97
Average real return on bonds 3.93 4.26
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8 Figures
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Figure 1: Financial crises events (dashed spikes show begining period) and real activity from
1800 to 2010. Source: Angus Maddison Database and Reinhart and Rogoff (2011)
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Figure 2: Short-term funding of deposit taking institutions, brokers and dealers in the US
from 1960 to 2010. Source: Flow of Funds and Reinhart and Rogoff (2011)
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Figure 3: Average haircut of structured repos during the 2007-09 financial crisis, in %.
Source: Gorton and Metrick (2012)
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A Appendix

A.1 Full set of equilibrium equations

The final system of dynamic equations fully characterizing a solution to our model has 22

equations in 22 dynamic variables: z;, Cy, KP, K} Witajwes M D! N,, R RF Ry,

t+1]tpe

H L P B max B J : :
Kt Kty Wity Wiitpg,s M di®™, A7, pe, g, Ht+1|2’ II; 13- The dynamic equations are

log zt41 = p.logzi + €. 041, €241 - N (0; 03) (A.1)
Co+ KPP+ K =Wy, (A.2)
1-8)KP + [KFP)’ 210
Westjo, = Lo L (A.3)
+iou (1= 0) K + 2% [KP] 21
3
C;° = R/'E, Z Atiapy, (A4)
=1
3
Cy7 =Ey Z At+1|th£1\¢t (A.5)
Pr=1
R_? —1= B [Dﬂ B o 0E (AIH‘H2 + At+1\3) (A.6)
R E, Z?ptzl At-i‘th E, Z?ptzl At+l\¢t
Ay = BopCL0, (A7)
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At > 9—1
Et( ;t +XAt+13) = E, (thzAth( ~ 6+ 0[K[) tlﬂe)) (A.8)

At+12 > 6—1
E, ( i ) - E, (1;::2 Avitin (1 — 5+ 0[KT] ztlﬂ") (A.9)
KF = Ny — Lyepos Dy (A.10)
0—1
Riy, =1—-0+0 K]z (A.11)
[
Wi = (1= 0) [K]" 2457 (A.12)
0
thi&-l\llﬂt = Py (1 - 9) [KB] tl-HG (A13)
max -1
—yd™ = E, Z Aviton (% {1 — 5+ 025 [KP] ;f} - R{‘) (A.14)
hr=
R > Ay + Ao

Mt = (? — 1) Et (Z At+17/1t) + Et ) (A15)

t = ~Aewp ( +22)
pe >0, D} < dPKP, g (dPKP — D) =0 (A.16)

Dl AB B
=t S RgB( - Al

0 Rt + RA ( w) ( 7)
4" = kL E, [1 — 54028 [KB)T At = 2] (A.18)

pi= Pr (s (6) < 0) (A.19)

1+ Pr (11 (¢) < 0) — ¢ Pr (I3 (€) < 0)
—(1=q) [nPr (T, () < 0) + (L =m) Pr (115, () < 0)]

0
[IPASTH Q) =¢ [(1 —0) KtB + 27 [Kﬂ Zt1+19] wim - Af - Df (A.20)
0 1
0,40 () = ¢ [(1 = 8) KP4+ 2 [KF) 2] — whlyy — AP — — Db, J = {H, L} (A21)
t

;4113 (€) = ¢A [( 0) KP + = [KB]G Ztl+16] wiu?’ — A7 (A.22)
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A.2 Lifetime consumption equivalent (LTCE) welfare measure

We use the LTCE measure to compare welfare across economies with various policy config-
urations (w,n, x). This appendix shows how we define this measure. Suppose the expected

welfare in an economy with a policy configuration (w,n, x) is

l1—0 l1—0

l1-0o l1—0o
EOZBt {C L2 } : (A.23)

while the Social Planner’s (first-best) allocation benchmark yields

l1—0 1—0

l1-0o nl—o
U= EOZBt[C +7Dt ] (A.24)

We define the LTCE measure as the value € such that

= (A.25)

If multiplied by 100, the LTCE measure ¢ is interpreted as the percentage increase in lifetime
consumption necessary to make the representative household indifferent between the two

compared allocations.
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