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Abstract

Financial regulation is harmonized across countries even though countries vary in their
ability to bail-out their banking sector in the event of a crisis. This paper addresses the ques-
tion of whether countries with different fiscal capacity should optimally have different bank
regulation, implemented — among other tools — through capital requirements — a question
so far ignored by the theoretical banking literature. I show that countries with larger fiscal ca-
pacity should have lower ex-ante minimum bank capital requirements, in an environment with
endogenously incomplete markets and overinvestment due to “Too-Big-To-Fail” moral hazard
and pecuniary externalities. I also show that, in addition to a minimum bank capital require-
ment, regulators in countries with strong “Too-Big-To-Fail” moral hazard should impose a limit
on the liabilities pledged by financial institutions in a crisis state. This implies limits on put
options/CDS contracts. Finally, I argue that the type of regulatory instrument used is crucial

as to whether larger fiscal capacity implies more or less stringent bank regulation.
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1 Introduction

While financial regulation across countries has become even more harmonized, the bail-out that banks
receive in the event of a crisis remains tightly linked to the fiscal capacity of the country.! The last
crisis provided plenty of evidence that countries vary widely in their abilities to provide a financial
sector bail-out. Ireland recapitalized its banks in 2009 which turned out to be prohibitively costly
and led to a sovereign debt crisis and an IMF/EU government bail-out. Iceland did not even try
to bail-out its failing banking sector as it was “Too-Big-To-Save”. In contrast, the US provided a
substantial bail-out to its financial sector which had no impact on the governments’ ability to borrow
at very low rates.

Switzerland, whose financial sector assets in 2007 were 650 percent of the GDP of the country,
became more concerned about its ability to provide a bank bail-out.? The bail-out of UBS prompted
Swiss regulators to more than double the minimum bank capital requirements for systemically im-
portant banks.?

This paper addresses the question of whether governments with different abilities to bail-out
their banking system during a financial crisis (different fiscal capacity) should have more- or less-
stringent ex-ante regulation, which limits the amount of risky investment.* It also examines what
other regulation, such as derivatives regulation, is required, given the fiscal capacity of the country
and bank size. The reason why regulation is needed in the first place is due to “Too-Big-To-Fail”
moral hazard and pecuniary externalities. I study how these externalities interact with the fiscal
capacity of the country and with the optimal amount of regulation. I consider two types of policy
instruments, which control the amount of risky investment — a “quantity” instrument such as a

minimum bank capital requirement versus a “price” instrument such as a tax on investment. I show

IMany countries (and almost all advanced economies) impose the minimum bank capital ratio suggested by the Basel
Accords as a minimum regulatory standard (See Figure 1 in the Appendix). Kalemli-Ozcan, Papaioannou, and Peydro
(2010) provide evidence of the synchronization of financial sector regulation in the European Union. More recently,
the establishment of the Banking Union in the European Union in 2012 has promoted further harmonization of
bank regulation. (See “Europe’s Radical Banking Union,” Veron, p.11). However, an agreement on common deposit
insurance and bail-out scheme remains elusive.

2In contrast, the same number for the US for 2007 was 330 percent of the US GDP. The data source is the “Global
Shadow Banking Monitoring Report 2014,” and the financial sector includes the following categories: banks, public
financial institutions and other financial intermediaries (OFIs) and financial auxiliaries.

3Swiss systemically important banks now face a minimum bank capital ratio of up to 19 percent, which is a significant
increase relative to the 8 percent pre-crisis level (See “Regulatory Consistency Assessment Programme (RCAP);
Assessment of Basel III regulations — Switzerland, BIS Report, 2013”).

4The interpretation of the results is not limited to banks. The results derived in this paper apply to any financial insti-
tution or firm that, upon fireselling assets, generates significant dead-weight loss to society to warrant a government
bail-out.



that the type of regulatory instrument — “quantity” versus “price” instrument — is crucial as to
whether larger fiscal capacity implies more or less regulation.

I build a model, in which markets are endogenously incomplete due to friction in the spirit of Hart
and Moore (1994). Bankers can borrow using state-contingent debt, but they can run away with the
cash flow, which generates endogenous borrowing constraints. In a crisis, bankers are forced to sell
part of their capital stock to foreign arbitrageurs, which leads to fire sales. The government provides
an optimal bail-out to the bankers by taxing the consumers. However, taxation is costly since the
government has access only to distortionary labor taxes. I also assume that there is an additional
exogenous deadweight loss from collecting taxes, which proxies the ability of the government to
enforce tax collection and the degree of government inefficiency and corruption.

I define fiscal capacity as the marginal cost of an extra dollar of a bail-out, for a given level of an
aggregate bail-out. Given this definition, endogenously, a country has a larger fiscal capacity if it has
a more productive labor-intensive sector and lower dis-utility of labor, which is a proxy for a large
tax base. Alternatively, the fiscal capacity of a country is larger if the government is more efficient
and less corrupt. Thus, we can think of fiscal capacity consisting of two components: GDP size and
efficiency of tax collection.

First, I consider a model where banks are infinitesimally small. In this model, the presence of
fire sales generates inefficient pecuniary externalities in the spirit of Lorenzoni (2008), which lead to
ex-ante overinvestment. Bankers do not internalize the fact that the more they invest ex-ante, the
larger the fire sale of financial assets is during a future crisis, which tightens the budget constraints
of the other bankers. This channel is welfare-reducing because it increases the inefficient transfer of
capital from the bankers to the foreign arbitrageurs. When banks are infinitesimally small a single
instrument that regulates ex-ante investment is sufficient to eliminate the externalities. Furthermore,
conditional on being able to set ex-ante policy optimally, there would be no welfare improvement
if the bail-out was determined ex-ante — i.e., if there was a commitment mechanism. Therefore,
according to this model, the regulatory focus should be on making sure banks are well regulated
before the crisis rather than to tie the hands of governments in the middle of the crisis.

In this framework, one can prove the following result — that countries with smaller fiscal capacity
should have higher ex-ante minimum bank capital ratio (regulators should require banks to finance
a larger fraction of the risky investment using equity). The intuition is as follows: For a given level
of productive capital, countries with smaller fiscal capacity will be less able to support their banks
during a crisis, and hence fire sales of banks’ assets will be larger. Therefore, the constrained Central
Planner in more fiscally constrained countries perceives ex-ante investment as less attractive, and
he optimally chooses to invest less, relative to the constrained Central Planner of a country with a
larger fiscal capacity. Since the ex-ante investment chosen by the constrained Central Planner and

the optimal minimum bank capital ratio are inversely related, smaller fiscal capacity implies a higher



ex-ante minimum bank capital ratio. In summary, countries with larger fiscal capacity can prop up
asset prices more during a crisis and can alleviate any inefficiencies arising from fire sales. As a result,
they can “afford” to have larger investment booms ex-ante.

Second, I augment the model to allow for large banks, which introduces a second source of ex-ante
inefficiency, in addition to the inefficient pecuniary externalities, — “Too-Big-To-Fail” moral hazard.
When banks are large, and they anticipate a bail-out in the future, they internalize the fact that the
more they invest ex-ante, the larger the aggregate fire sale during a crisis is, which leads to a bigger
bail-out ex-post. However, unlike the constrained Central Planner, they do not internalize the cost
of the bail-out. As a result, large bankers underestimate the social cost of the fire sale which leads
to ex-ante overinvestment.

In the large banks’ case, the main result derived in the small banks’ case still holds. Namely, that
conditional on assuming that the policy maker has a sufficient number of instruments to replicate the
constrained Central Planner’s allocation, countries with smaller fiscal capacity should have a higher
ex-ante minimum bank capital ratio. The intuition why that is the case is the same as in the small
banks’ case.

A second result emerges; in addition to imposing a minimum bank capital requirement, countries
with strong “Too-Big-To-Fail” moral hazard should also impose a limit on the liabilities of large banks
in a future crisis state, when a government bail-out is anticipated. The intuition is the following.
If the banker promises a larger payment in a crisis, his net worth in a crisis is smaller and the
fire sale is more severe. Since large banks internalize the fact that larger fire sale implies a bigger
bail-out, they might value wealth more in normal times than in a crisis. As a result, large banks
might try to shift risk using state-contingent contracts, when they are prevented from increasing
their risky investment further.® The desire to over-borrow against a crisis state is stronger, the larger
the perceived marginal increase of the bail-out is when the fire sale increases; i.e. the stronger the
“Too-Big-To-Fail” moral hazard is. Larger fiscal capacity does not always imply a stronger “Too-
Big-To-Fail” moral hazard. The “Too-Big-To-Fail” moral hazard is strong if a country has a more
productive labor-intensive sector and lower dis-utility of labor — it has a large fiscal capacity due to
a large tax base. However, if the fiscal capacity is large because governments are more efficient and
less corrupt, then the “Too-Big-To-Fail” moral hazard is weak rather than strong.®

According to the results of this paper, the “sufficient” statistic which regulators should target is
the net assets of the banking sector in a potential future crisis, when a bail-out will be required.

There are various ways for financial institutions to affect their net worth in a crisis, with derivative

5In contrast, infinitesimally small banks don’t internalize that larger fire sale leads to a larger bail-out. As a result,
they always value wealth in a crisis by more than during normal times, similarly to the Central Planner, which implies
that limiting the liabilities of small banks against the bad state of nature is not needed.

6AIG is a prime example of a large financial institution located in a country with a large tax base (the US), which
shifted risk using state contingent contracts. It sold insurance against CDO defaults, where CDOs were the financial
instruments at the epicentre of the 2008 Global Financial Crisis. AIG ended up being bailed out by the US government.



instruments being one of the most effective ways. Therefore, in addition to imposing minimum bank
capital requirements, the regulators of countries with strong “Too-Big-To-Fail” moral hazard should,
among other measures, limit the sale of put option contracts by banks, such as credit default swap
(CDS) contracts. Finally, according to the results of this model, regulating derivative contracts is
important even if there is no counterparty risk.

One of the key results of the paper is that larger fiscal capacity implies an optimally lower minimum
bank capital requirement, which is a “quantity” regulatory instrument. An interesting question to ask
is whether fiscal capacity implies more or less regulation if one uses a “price” instrument instead to
regulate the banks’ period zero investment, such as an ex-ante tax on investment. “Price” regulatory
instruments have entered the policy debate on bank regulation more recently (see, for example, Mooij
and Nicodeme (2014)). Moreover, comparing the behavior of the two types of instruments will shed
light on the seemingly surprising result that countries with stronger “Too-Big-To-Fail” moral hazard
due to a larger tax base would require lower (rather than higher) ax-ante minimum bank capital
ratio.

The result emerges that if regulators use a “price” instrument, larger fiscal capacity due to a
larger tax base would imply a higher optimal tax on period zero investment when banks are large.
In contrast, if fiscal capacity is larger due to the government being more efficient at collecting taxes,
the optimal tax on period zero investment is lower.

The difference in the comparative statics of the “price” and “quantity” instruments can be at-
tributed to the fact that the “quantity” instrument is a function only of the constrained Central
Planner’s allocation and, therefore, does not depend on the type and the strength of the externalities
in the model. In contrast the “price” instrument, which is a Pigouvian tax, equals the difference in
the perceived marginal valuations of ex-ante investment between the banker and the Central Planner.
The reason why the two marginal valuations differ is due to the presence of pecuniary externalities
and “Too-Big-To-Fail” moral hazard. Therefore, the comparative static of the optimal ex-ante tax
on capital with respect to fiscal capacity reflects how the fiscal capacity affects the strength of these
two externalities. This is why stronger externalities lead to higher “price” regulatory instruments
but not to higher “quantity” regulatory instruments.”

The paper is related to a few strands of literature. It features a “Too-Big-To-Fail” moral hazard,
where the size of the banks and their strategic behavior play a crucial role. Therefore, it is related to
the literature on moral hazard, pioneered by the seminal work of Bagehot (1873). Nosal and Ordonez
(2016) also emphasize the potential adverse effects of large banks in a moral hazard framework, albeit
due to different channels. In general, the literature that studied how moral hazard relates to bank size

is underdeveloped. The first contribution is to define the “Too-Big-To-Fail” moral hazard within a

"In a model with pecuniary externalities Bianchi (2011) also finds that the behavior of “price” and “quantity” regulatory
instruments differ as one varies the amount of debt.



model. Second, I study how fiscal capacity affects the strength of the “Too-Big-To-Fail” moral hazard
and show that it is not always the case that larger fiscal capacity implies stronger “Too-Big-To-Fail”
moral hazard. Lastly, I show that this type of moral hazard can generate the need to regulate state
contingent contracts such as derivative contracts.

The second main source of inefficiency in the model — inefficient pecuniary externalities — dates
back to Hart (1975), Stiglitz (1982) and Geanakoplos and Polemarchakis (1986). More recently,
a growing literature on financial sector regulation has emerged, which has brought the role of fire
sales and pecuniary externalities to the forefront of the policy debate (some prominent examples
include Gromb and Vayanos (2002), Lorenzoni (2008), Stein (2012), Jeanne and Korinek (2017), He
and Kondor (2012), Brunnermeier and Sannikov (2014), Bianchi and Mendoza (2018)). I build on
a simplified version of the paper by Lorenzoni (2008), who shows how pecuniary externalities can
emerge in a micro-founded environment with endogenously incomplete markets.® The key difference
between this paper and Lorenzoni (2008) is that he does not allow for an ex-post bail-out and, as a
result, does not study the link between fiscal capacity and optimal regulation. Also Lorenzoni (2008)
does not allow for a concentrated banking sector and optimal policy plays a minor role in his paper.

This paper also relates to the literature on different types of regulatory instruments, pioneered by
Weitzman (1974). According to Weitzman (1974), if the policy maker has access to state-contingent
policy instruments, she can replicate the constrained Central Planner’s allocation using either a
"price” or a “quantity” instrument. Relative to the existing literature, which uses the two types of
instruments interchangeably, I argue that there are significant differences in the comparative statics
of these instruments with respect to key parameters, such as fiscal capacity.

To my knowledge, the only other paper that studies the mix of ex-ante regulation and optimal
ex-post bailouts, and features both pecuniary externalities and moral hazard is the one by Jeanne and
Korinek (2017). In contrast to this paper, in Jeanne and Korinek (2017), markets are exogenously
incomplete, and there is no state-contingent borrowing and, therefore, no need to regulate derivative-
like contracts. Their model also does not consider the case of a concentrated banking sector and,
hence, does not feature a “Too-Big-To-Fail” type of moral hazard and bail-outs are non-targeted.
Most importantly, Jeanne and Korinek (2017) do not focus on the fundamental question raised by this
paper: How should the optimal mix of ex-ante and ex-post bank regulation vary with the country’s
fiscal capacity and why?

A class of papers studies the role for regulating state-contingent borrowing. In Nosal and Ordonez
(2016), more risk sharing implies that upon observing a bank failure, the government assumes that it

is caused by an aggregate shock with a higher probability, which increases the likelihood of bailing-out

8There is a large literature on pecuniary externalities in which the inefficiency comes from binding borrowing con-
straints, where prices enter the borrowing constraint (for example, Stein (2012), Bianchi (2011)). In this paper, as in
Lorenzoni (2008), the source of the pecuniary externality is that bankers do not internalize the fact that their actions
are tightening the budget constraints (not the borrowing constraints) of the other bankers.



the first bank that gets into trouble. This increases ex-ante risk-taking. Simsek (2013) also argues
that too much financial innovation might be suboptimal in a model with heterogeneous traders’
beliefs since it can increase the traders’ portfolio risk.? In this paper, I provide a different reason as
to why too much state-contingent borrowing might be inefficient. Also, I argue that not all types
of state-contingent debt need to be regulated — only the borrowing against states of nature where
there will be a bail-out.

The paper is structured as follows. In section 2 I present the model set-up. Section 3 discusses the
case where banks are infinitesimally small. In sub-section 3.2, I study the solution to the constrained
Central Planner’s problem while in sub-section 3.3, I answer the question how the constrained Central
Planner’s allocation can be decentralized and how the optimal policy instruments should vary with
the fiscal capacity of the country when banks are small. Section 4 allows for banks to be large and

discusses how the results change and section 5 concludes.

2 Model Set-Up

The model has three periods, t = 0, 1,2, and, without loss of generality, I assume that there is no
discounting between the periods. There are two goods — a perishable consumption good and a
capital good, where a perfectly competitive capital goods sector produces the capital good. There
are four main types of agents in the model — domestic consumers, domestic bankers, modeled as
entrepreneurs, foreign arbitrageurs, and a bail-out authority which designs optimal bail-outs/transfers
to the financial system. There are also a constrained Central Planner and a policy maker, who is
responsible for decentralizing the constrained Central Planner’s allocation. All agents are risk neutral,
and there is aggregate uncertainty only in ¢t = 1. In ¢ = 1, the state of nature can be either good
or bad with probabilities 7, and m,, respectively, where 7, + 7, = 1. The state of nature will be bad
when the banker’s productivity is low and good when the banker’s productivity is high. Throughout
the paper, I will use the notation z;, to denote the variable x in period ¢t if state s is realized in
t =1, where s € {g,b}. To simplify the notation, I assume that xo = x. This paper considers two

different banking structures — a continuum of banks and large banks.

2.1 Consumers

The domestic consumers are identical, infinitesimally small and of measure one. They consume and

lend to/borrow from banks using state-contingent contracts. Every consumer also operates a labor-

9Regulating the amount of safe assets is another way to ensure that financial institutions have sufficient net worth in
a crisis, in addition to controlling debt against the crisis state. Some of the papers that find a role for a minimum
liquidity regulation are Farhi and Tirole (2012), Acharya, Shin, and Yorulmazer (2011), Repullo (2005), Bengui (2014)
and Keister (2016).



intensive production technology and owns an equal share of the equity of the firms producing the
capital good.
Since the problem of the consumer is time-consistent, without loss of generality, one can solve for

the period zero problem under commitment. In ¢ = 0, the representative consumer maximizes

2
max (¢ — wlp) + Z Z Ts (C;S - wzt,s)
t=1 s

dg,s7cg,s7lt75
The optimization problem is subject to the consumer’s budget constraints in t = 0, 1, 2
G+ predi, < m+ig+ (1—7)alf + dj
S

st prsdys < mA+s+ (1—75)alfy +di
gy < mATos+ (1 -1 aly, +ds

where ¢ ; is consumption in period ¢, state s. The consumer’s production technology is given by alf’,
and it has decreasing returns to scale (0 < a < 1), where a is the time-invariant productivity of the
labor-intensive sector and [, s is the labor supplied by the consumer. The amount of state-contingent
debt purchased by the consumer at the price p;, is d .. The dis-utility from labor is w and 75 is a
distortionary labor tax such that 0 < 7, ; < 1. Finally, ;s are the profits from the firms producing
the capital good. Every period, the representative consumer receives an exogenous endowment of
the consumption good, m, which is assumed to be large enough so that cf is always positive in
equilibrium and the corner equilibrium (¢, = 0) does not exist. The assumptions on m are formally
stated in the Appendix under assumptions 3, 5 and 8. If these assumptions are satisfied, the first
order conditions with respect to the state-contingent debt imply p; s = 75 and ps s = 1. The first

order condition with respect to [; s implies

(1— 1) aa) =

w

s ) = 1)

where [}, (7;,s) stands for the optimal labor allocation as a function of the labor taxes. The standard
trade-off of distortionary labor taxation is apparent; higher taxes lead to lower labor supply and
lower output. I define the welfare gain to consumers from operating the labor-intensive production

technology as
€ (Ttﬁ) = (1 - Tt,S) a (l:,s (Tt,S))a - (,UZZS (Tt,S) . (2)

2.2 Perfectly Competitive Capital Goods Sector

Assume that there is a continuum of firms of measure one, which are perfectly competitive, and can

produce new capital stock by transforming consumption into capital one-to-one but not the other way



round (capital is irreversible). They have a static optimization problem given by maXpy Qr,skf s — ki
subject to the constraint that the capital produced is positive, k7, > 0, with a Lagrange multiplier
pi s The price of capital is g, s and the first order condition implies ¢;s = 1 — p7, < 1. If new
capital stock is produced, then uf = 0 and the price of capital is g;s = 1. If no new capital stock is

produced, then g > 0 and ¢; s < 1. In equilibrium, profits are zero.

2.3 Foreign Arbitrageurs

Foreign arbitrageurs are infinitesimally small and have a mass of /. In period ¢ and state s the rep-
resentative arbitrageur invests k;tf ¢ units of capital, which produce F (/{:f S) units of the consumption
good in the following period. Upon production, capital depreciates one hundred percent. Given that

the problem is time consistent, in ¢ = 0, the representative arbitrageur maximizes

2
max 0{;4— E E 77507{75,
t=1 s

Cl{,s’k{,s

f

where ¢;

is his consumption. The optimization problem is subject to the budget constraint c,{i s <
F (ktf_l,s) +mf — Qt,skt}i s and the non-negative capital constraint kf s > 0 with a Lagrange multiplier
,u{ s- The arbitrageur receives an exogenous per period endowment of the consumption good equal to
m?, where I assume that kg = 0 and m/ is such that, in equilibrium, the arbitrageur consumes a

positive amount every period. The first order conditions imply F” <k{ s) + ﬂ{ s = qts- Therefore, if

the arbitrageur employs his production technology, then /ﬁ; .=0and F’ (k:tf s) = G5

One can assume that the arbitrageurs are domestic rather than foreign agents and that the Central
Planner assigns a positive weight to the arbitrageur’s welfare. All the results would go through since
the marginal productivity of the arbitrageurs is assumed to be lower than the one of the bankers,

which is sufficient for the presence of inefficient pecuniary externalities as in Lorenzoni (2008).

2.4 Bankers

The domestic banking sector is of measure one, and the banker can be large or infinitesimally small
depending on the specification considered. In this sub-section, I introduce the general set-up of the
banker’s problem. The first order conditions in the case of small and in the case of large banks are

relegated to sections 3 and 4, respectively.

2.4.1 No Ex-Ante Regulation

First, consider the banker’s problem in the presence of ex-post bail-outs but no ex-ante regulation.

The banker’s problem is solved via backwards induction. At the end of periods ¢t = 0,1, 2, banker i



maximizes the net present value of his expected future consumption, subject to the budget constraint

in period t, where the respective budget constraints for each period are given by

ch+ qokl < mno+ Zpl,sd’i,s +Tiint=0 (3)

IN

Aokl +di, < Ak + (q1s— )k +Ti, +posds, int =1
ot dh, < Ag ki +Ti int=2

Banker i chooses his consumption, ¢ ,, state-contingent debt dj,, ,, and capital stock, kf,. The
variable Tt’s stands for bank specific transfers from the bail-out authority to banker 7, v is a refinancing
cost, which will be specified later on, and nq is the period zero bank endowment, which also stands for
bank equity. Each banker has an access to a linear production technology which produces Atﬂ,sk;{,s
units of the consumption good the following period.

The differences between the budget constraints in ¢t = 0, 1,2 are due to the following assumptions.
For simplicity, I assume that there is no pre-existing capital stock and debt in ¢ = 0 and every banker
starts with the same exogenous endowment and receives no endowment in ¢ = 1,2. Since capital
produces with a lag and the world ends in ¢ = 2, the value of the collateral in ¢t = 2 is g2 s = 0 and
it is not optimal to refinance the project in t = 2. In contrast, given assumption 2 specified below, it
will always be optimal for the banker to refinance the capital stock in ¢ = 1.

The banker is modelled as an entrepreneur, which is equivalent to assuming that there are no
frictions between the banker and the firm. Bank loans tend to be more flexible and more “equity-
like” relative to other types of debt financing due to the long term relationship nature of the contract.
For example, in addition to loans, banks provide lines of credit and tend to insure their borrowers
against certain types of shocks (see Berger and Udell (1995), Kashyap, Rajan, and Stein (2002)
and Gatev and Strahan (2006)). Furthermore, bank loan covenants tend to be more flexible than
corporate debt covenants (see the literature review in Denis and Mihov (2003)).

In order for the model to have fire sales — a realistic feature of the data — I assume that for

i

i s, Where

capital to remain productive in the next period, it has to be refinanced at the cost of vk
~ > 0. One can justify the assumption with the fact that loans are often accompanied by promises
of future lines of credit, which could force banks to fire-sell assets.!”

Alternatively, one could change the model to allow for a liquidity shock in the form of a wholesale
funding freeze. To do that one would have to assume that banks borrow using short-term debt
contracts. While realistic and interesting, such a set-up would imply that the contract between the

banker and the consumer is no longer endogenous and state-contingent and would introduce bank

0Tyashina and Scharfstein (2010) show that immediately after the Lehman Brothers failure, there was a spike in
commercial and industrial loans due to firms drawing down their credit lines which would be consistent with the
refinancing cost in the model. For empirical evidence on banks fire-selling assets, see Irani and Meisenzahl (2017)
and Duarte and Eisenbach (2018), among others.



default. State contingent contracts proxy the growing use of derivative contracts and key results in
the model rely on the state-contingent nature of contracts. Furthermore, introducing default will
make the model significantly less tractable.

Borrowing constraints are another very important feature in the data, in addition to fire sales,
which are also necessary for the model to have an inefficient decentralized allocation and, hence, a
role for regulation. In particular, I assume that the banker faces endogenous borrowing constraints
due to agency frictions. The banker can run away with the cash flow but the consumer can seize the
capital stock and sell it after paying the refinancing cost. I assume that when the amount owed is
higher than the resale value of the capital stock minus the refinancing cost, the banker makes a “take-
it-or-leave-it” offer to the consumer and has a commitment device that allows him to follow through
on his costly threat. He offers to pay only the amount equal to the resale value of the capital stock
minus the refinancing cost. Given that the consumer cannot seize any of the cash flow, he accepts
the offer. Therefore, the banker can borrow only against the collateral he owns. Such a set-up is a
good proxy for the empirical observation that the majority of bank loans are collateralized.!!

Therefore, endogenously, the banker will face the following borrowing constraints:

Le < (q1s—7)kyint =0 for s € {g,b} (4)
he < Oint=1. (5)

Finally, the banks’ optimization problem is also subject to the non-negative consumption and invest-
ment constraints cﬁys > 0 and k;s > 0 and the future best response functions of all the agents in the

economy in periods greater than t.

2.4.2 Ex-Ante Regulation

In this sub-section I specify the set of ex-ante regulatory instruments. The instruments are chosen
to allow the policy maker to replicate the constrained Central Planner’s allocation.

Every banker faces either a minimum bank capital requirement constraint — a ”quantity” instru-
ment — or a tax on capital —a “price” instrument. The minimum bank capital requirement is modeled
as banker 7's period zero optimization problem being subject to the following constraint &} < %,
which implies that at least a fraction p* of bank capital has to be financed using bank equity. I also
consider a tax on period zero capital, Té“ " instead of a minimum bank capital requirement. It affects

the effective period zero price of capital, which becomes ¢q (1 + Té“ Z) 12

HParavisini (2008) documents the importance of borrowing constraints for banks while Berger and Udell (1990) argue
that the majority of bank loans are collaterized.

12 A minimum bank capital requirement is the instrument currently employed by regulators worldwide. However, policy
makers and the literature on pecuniary externalities (see Stein (2012), Bianchi (2011) and Jeanne and Korinek (2017))
have recently suggested the use of “price” rather than “quantity” instruments.
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The second type of ex-ante regulation the banker faces is a quantity constraint on the amount of
period zero state-contingent debt against the bad state given by d’i,b < v, Such a regulation implies
that banker i cannot issue debt larger than »* against the bad state and can be interpreted as a
constraint on the number of derivative instruments sold, such as sovereign or bank credit default

swaps.

2.5 Bail-Out Authority

The role of the bail-out authority is to choose the optimal transfers from the consumers to the bankers
— the optimal bail-out. The bail-out authority can be thought of as the fiscal authority of the country,
which historically has been responsible for bailing out the financial sector. It places an equal weight

on consumers and bankers and its ex-ante welfare is given by

2
(cg — wlf (10) + co) + Z Z T (¢ — wlf 4 (T1,5) + Cus) - (6)
t=1 s

The bail-out authority chooses 7; s and T} s and it internalizes the fact that transfers are costly which
is captured by the constraint that the amount transferred to banks has to be funded by costly labor
taxes

Ty < xTisali,, where 0 < x < 1. (7)

The parameter x captures the fact that, in some countries, part of the collected taxes will be dissipated
due to corruption or tax evasion. I assume that the diverted and non-paid taxes do not increase
welfare. Therefore, (1 — x) 73 salf, is an exogenous deadweight loss from taxation, which is in addition
to the deadweight loss from distorting the labor supply decision. Without loss of generality, I assume
that the bail-out authority can provide transfers only in period one (i.e., I assume that 7o = Th 5 =

T0 = 7'2’5 = O)

2.6 Constrained Central Planner and Policy Maker

This sub-section specifies the problem of the constrained Central Planner. The solution to the
Central Planner’s problem, when compared to the decentralized allocation, allows me to analyze the
presence of externalities in the model and to solve for the optimal regulation. Given that the paper
focuses on externalities in the banking sector, the benevolent Central Planner is allowed to choose
the allocation of the bankers and also the choice variables of the bail-out authority. This set-up is
equivalent to designing a centralized financial sector regulation and bail-out policy. The allocation
of the constrained Central Planner can be interpreted as the highest social welfare attainable if all

externalities due to the behavior of the bankers can be eliminated and costly bail-outs are available.
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Similarly to the bail-out authority, the constrained Central Planner places equal weights on con-
sumers and bankers. The Central Planner faces the same constraints as the bankers and the bail-out
authority.

The constrained Central Planner’s ex-ante welfare is also given by equation (6), where the Cen-
tral Planner’s choice variables are 7,4, 7T} 5, ks, ¢t s and diyq5. The Central Planner internalizes the
banker’s budget and borrowing constraints given by equations (3), (4) and (5), the market clearing
conditions and the first order conditions of the consumers, arbitrageurs and the firms producing the
capital good. Similarly to the bail-out authority, she also internalizes equation (7).

The role of the policy maker in the model is to choose the ex-ante regulatory instruments, specified
in sub-section 2.4.2; and the level of labor taxes and bank transfers to decentralize the constrained
Central Planner’s allocation. Omne can think of this set-up as the policy maker regulating both
the bankers and the bail-out authority. I will prove that a subset or all of the specified policy
instruments are sufficient to replicate the constrained Central Planner’s allocation. The number and
type of instruments required will depend on whether we consider the continuum of banks’ case or

the large banks’ case and also on the fiscal capacity of the country.

2.7 Key Assumptions

In addition to the assumptions made thus far, I make the following assumptions, which simplify the
analysis and ensure that the problem is well behaved and that there are fire sales.

Assumption 1 The assumptions on the banker’s production technology are the following

Z?TSALS > ]_, A275 = A2 >1

0 < A<y x4 <1
< GuhereGo A0t
where G = —
7= T, 11

To capture the idea that after the crisis the economy converges to a steady state, regardless of
which state was realized in ¢ = 1, I assume that period two productivity is not state-contingent
Ay s = Ay The fact that > 7,415 > 1 and Ay > 1 ensure that it is optimal for the banker to
always invest a positive amount. The condition 0 < A, ;, < 7 is necessary but not sufficient for there
to be a fire sale in the bad state. Combining A;, < v and > 7,4;s > 1 implies that A;, > 1,
which will be a necessary condition for there to be no fire sale in the good state. All the results in
the paper go through without assuming yAs < 1 but if imposed, this assumption guarantees that
there will be no bail-out in t = 1 unless there is a fire sale. Finally, v < G is a necessary but not a
sufficient condition for the existence of an interior equilibrium.

The production technology of the arbitrageurs is assumed to satisfy the following properties.
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Assumption 2 The assumptions on the arbitrageur’s production technology are the following
F (k) > 0 P (k) <0

F'(0) = 1; lim F' (k{,s>2’y

k{’s—mo
F (k{) iy (k{) K, > 0
2F" <k,f$> + F" (kfs> ktf,S < 0 where k,{is € [0, 00).

The concavity assumption implies that the arbitrageurs have a downward sloping demand for
capital. The assumption F’(0) = 1 simplifies the analytical solution since it implies that the ar-
bitrageurs use their production technology only when no new capital is produced; i.e. when the
bankers sell capital to the foreign arbitrageurs, which represents a fire sale in this model. The fact
that limygr_,., F’ (klf S) > ~ guarantees that it will be always optimal for the banker to refinance

the project in ¢ = 1. The last two inequalities imply that the total amount spent by arbitrageurs
8(qt,s k{,‘i)

ohf, > (0 and

to purchase capital increases with the capital purchased at a decreasing rate,

G

o(l.)’
In the sections that follow I assume that the assumptions made thus far are satisfied and any

< 0, which is a necessary condition to have an unique equilibrium.

additional assumptions made later on will be specified explicitly. The following Lemma links the
price of capital to the size of the fire sale. The aggregate capital stock of the banking sector is
defined as k; ;.

Lemma 1 Given the market clearing condition for capital, T]fk,fis +kis = ks +kio1s, the first order

conditions of the producer of capital and of the foreign arbitrageur, it follows that

Liffkl, =0
qts = , f . f (8>
F (kt> <Liffkl,>0
kgis = max i (kt—l,s - kt,s) 70 . (9)
77f

Proof of Lemma 1: See section 6.A.1 in the Appendix. [J
Lemma 1 implies that if the banking sector is a net seller of capital, then the arbitrageurs employ
their production technology, kf s > 0, no new capital is produced, k7, = 0, and the price of capital is

less than one, ¢ s < 1.13

13pf proxies the ability of the arbitrageurs to absorb the capital sold by the banking sector. The larger n/ is, the
higher the price of capital will be if there was a fire sale.

13



3 Infinitesimally Small Banks

In this section, I solve the problem of the infinitesimally small banker, where I assume that there is
a continuum of banks of measure one. Aggregate bank variables are defined as z; s = fol J:;sdz’. First,
I solve the model with no ex-ante regulation and an optimal ex-post bail-out assuming that the bail-
out authority cannot commit. While the no commitment case is the more realistic and, therefore,
the focus of this paper, I also briefly discuss how the results change if the bail-out authority can
commit. Second, I solve for the constrained Central Planner’s allocation and study the externalities
in the model. Third, I solve for the optimal regulation that decentralizes the constrained Central
Planner’s allocation. After defining what fiscal capacity means in this model, the section concludes
with a discussion of how the optimal regulation changes as we vary the fiscal capacity of a country.

The equilibrium concept is sub-game perfect and I solve for the symmetric equilibrium.

3.1 No Ex-Ante Regulation
3.1.1 Banker’s Problem: First Order Conditions

In this sub-section, I solve the banker’s problem with no ex-ante regulation via backward induction.
At the end of period two, all agents produce and consume. Given that ¢» s = 0 and py s = 1, at the
end of period one, after Tfs is determined, banker ¢ maximizes

max Cli,s + (Agkis — dgs) subject to

Ci,s”‘;i,s’d%,s
Aot @kl +di, < (A +as - Nk + T, +dh,  [X] (10)

>0 8] K >0 [RL]5 d <00 ]

)

All the Lagrange multipliers are in square brackets. A “hat” indicates that the Lagrange multiplier
is associated with the period one optimization problem while the absence of a “hat” implies that it
is associated with the period zero optimization problem. Bankers are infinitesimally small and they
take prices and aggregate variables as given. The first order conditions imply that the period one

. . % A " Az+Aj
) % 7 1,8
marginal value of wealth is A} , = ji5 ;+1=1+2] =

> 1, where the inequality follows from
assumption 1 and Lemma 1, which imply As > 1 > ¢; ;. The fact that the marginal value of wealth
is above one in period one, but it is one in period two implies that banker ¢ chooses zero consumption
and savings in period one (cﬁ,s = dés = 0). Finally, the period one budget constraint determines ki,s
as a function of prices and transfers and &} , = 0.

At the end of ¢t = 0, banker 7 solves the following problem

7 7 1.7
dl,s7co7k1,s7

max ¢+ E s Aok]
ki ’
S
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subject to the borrowing constraints, the budget constraints and the non-negative consumption and
capital constraints. I use the fact that p; ; = 7, and g9 = 1, where gy = 1 follows from Lemma 1 and

the fact that there is no pre-existing capital in £ = 0. The constraints are given by

(@1s =N ko > die  [mopn]
no+ Y medi, —ky—cg =0 [X]

(ALS -7+ qus) ké + T1i7s —Q1s Zil,s - ?L,s >0 [’/TS Zi,s]
020 [x]; k=0 [xg]

The first order conditions are as follows

MCy, = MNy=rh+ > m (N, (Ars+qus —7) + i, (q1s — 7)) = 1+ 25 = MBy, > 1 (11a)

, A
e = —>1 (11b)
’ qi,s

H?.l,s = )\6 - )\1173' (11C)

When deriving the first order conditions, I assumed that the banker takes 77, as given. If the bail-
out authority can commit, then the transfers are determined at the beginning of period zero before
the banker chooses his allocation. In the no commitment case, which is the focus of this paper, the
optimal bail-out will be a function of only aggregate variables, the proof of which is presented in
sub-section 3.1.3. Therefore, in that case, the infinitesimally small banker will take Tﬂs as given as
well. This will not be the case in the large banks’ case, where the banker will no longer take Tf75 as
given.

The first order conditions with respect to capital determine the marginal values of wealth in periods
zero and one, Ay and X ,, as perceived by the banker. An extra dollar in period one can purchase
i units of capital which, in turn, will deliver A, units of the consumption good in period two. An
extra dollar in period zero will purchase one unit of capital, the returns of which will be reinvested
in period one. Furthermore, if the borrowing constraint against any state of nature binds, an extra
unit of capital invested will relax it. The first order condition with respect to the state-contingent
debt, equation (11c), determines the pattern of borrowing by the banks. For example, if Mi’s > 0,
banker ¢ borrows to the maximum against state s in period one as the marginal value of wealth is
higher in period zero relative to state s in period one.

The proof why /\’LS > 1 is the same as to why 5\’18 > 1. When combined with the fact that
EA;s>1and ¢4 5 —y > 0, the first order conditions imply that the period zero marginal value of
wealth is greater than one, \{ > 1, and that the banker chooses zero consumption in period zero,

¢t = 0. Using a similar argument, one can prove by contradiction that the period zero investment is
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always positive, kj > 0.1
The following Lemma proves that there will be no fire sale in the good state and there will be a
fire sale in the bad state if the equilibrium is interior.
Lemma 2 There is no fire sale in the good state, q14 = 1, and there is a fire sale in the bad state,
Qb < 1, if the equilibrium is interior (i.e. if the banker does not borrow to the mazimum int =0).
Proof of Lemma 2: See section 6.A.2 in the Appendix. [J
The solution for the rest of the endogenous variables is summarized in Proposition 1 in sub-section

3.1.3 where the various types of possible equilibria are discussed.

3.1.2 Bail-Out Authority — No Commitment

This subsection presents the solution to the bail-out authority’s problem without commitment. The
lack of commitment is defined as the bail-out authority choosing 7} s and 7 5 in the beginning of
period one after the uncertainty is realized and after the banker chooses his period zero allocation.
Due to the linear production technology of the bankers and the risk neutrality assumption, the bail-
out authority’s problem becomes equivalent to choosing only aggregate bank variables.!® At the
beginning of period one, the bail-out authority chooses period one aggregate taxes and transfers, 7 ,
and T}, and it maximizes Y., (cts + ¢, —wli, (11,5)). The optimization problem is subject to the
periods one and two best response functions of all agents, which implies the following Lagrangian:
Tlrgiﬁs 2m +e(11s) +di s +e(0) + Agkis + 5\55 ((Ars —7) ko + Ths (T1,6) — dus — qus (ks — ko)) + @7 sTws,
where fﬂf s and 5\{3 , are the Lagrange multipliers on the non-negative tax constraint and the banker’s
budget constraint respectively and T} s (715) = XT1,5a (l}"s)a . The first order condition with respect
to k1 s determines the marginal value of wealth of the banking sector, as perceived by the bail-out

authority in period one

. A
N = — > A > 1 (12)
Q1,s + (9161’,: (kl,s - kO)
01 F’(kf8>+F”(kfs)kfs<1'fkf8>0
Where qu + Q1, (kl,s — ko) = L L L ' L (13)
Ok Lif kf, =0

The only difference between the expressions for S\ES and ;\’18 is that the bail-out authority internalizes

the fact that, conditional on kg, a larger period one investment increases the price of capital if there

1 Assume that k) = 0 and the banker saves his initial endowment instead. This would imply that there is no fire
sale and the marginal value of wealth is equated across all states of nature, A\j = Aj ;, as the borrowing constraints
do not bind. However, from assumption 1, Ay (EgA1 4 (1 — 7)) > As, which implies that Aj > X} ,, and that is a
contradiction. Therefore, k) > 0 and «§ = 0.

15For a formal argument, see the large banks case in Section 6.B of the Appendix.
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is a fire sale, thus, making an extra dollar in the hands of the banker even more valuable. The
inequalities follow directly from Lemma 1 and the assumptions made.
The first order condition with respect to 7; s determines the optimal tax rate by equating the

marginal cost (M C;,) and the marginal benefit (M B;,) of increasing labor taxation

MBT = 5\fsj—vl/,s (Tl,S) S _6/ (7-173) = MCTI’ (14>

1

where —¢' (115) = a (lis)a > () is the marginal cost from increasing the tax on labor due to the
decreased welfare of the consumers. The marginal benefit is given by the marginal benefit of an extra
dollar transferred to the banker in ¢t = 1, 5\55, multiplied by how much more transfers the government
can provide by marginally increasing the labor tax rate, T}, (11,,) = xa (I} )" <1 — %) :

3.1.3 Key Lemmas and Propositions

In this sub-section, I present the key results from the decentralized equilibrium with no ex-ante
regulation and a bail-out authority that cannot commit. Lemma 3 formalizes the solution for the
optimal tax rate.

Lemma 3 If the bail-out authority cannot commit, the optimal labor tax rate can be expressed as

AB -1 L0
;113 iff )\fsx > 1
Ti,s = =o)L . ) (15)
0 4f Mox <1

where 5\55 is giwen by equation (12). If there is no fire sale in state s, then Ty s = 0, where Ty ¢ is
given by equation (7). if there is a fire sale, a larger fire sale leads to a larger marginal value of
wealth in the hands of the bankers, as perceived by the bail-out authority, ;\119; (k{s> > 0 and to a

larger bail-out, T} (/{;{S> > 0.

Proof of Lemma 3: See section 6.A.3 in the Appendix. [J

The expression for the optimal tax rate follows directly from equation (14). Since 5\58 is a function
of only the aggregate fire sale, Lemma 3 implies that the optimal bail-out is a function of only
aggregate variables. Given that the policy maker is indifferent how to distribute the bail-out across
bankers, in order to solve for the symmetric equilibrium, I assume that each banker receives the same
bail-out, T f’s = Ti,. This is why the conjecture that the infinitesimally small banker takes Tis as
given was correct, despite the bail-out being targeted.

The optimal tax rate and, as a result, the optimal bail-out can be zero due to the exogenous
deadweight loss from collecting taxes, captured by x, which plays the role of a fixed cost. If the
exogenous deadweight loss from taxation was zero (x = 1), taxes would always be positive since

AP, > 1. However, if y < 1 it can be the case that AP x < 1 and the optimal tax will be zero. Since
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;\fg = A,, if we assume that A;x < 1 is satisfied, then there will be no bail-out in the good state.
Lemma 3 also proves that the larger the fire sale is, the more the bail-out authority values an
extra dollar in the hands of the banker in period one. Therefore, a larger fire sale implies that it is
more likely that the optimal labor tax rate, and, hence, bail-out will be positive. Also, conditional
on a positive bail-out, a larger fire sale implies a larger optimal bail-out.*¢
The following Proposition characterizes the different types of equilibria as a function of the pecking
order of borrowing.
Proposition 1 The equilibrium allocation exists and is unique. There are two types of equilibria:
Type 1) An interior equilibrium (the banker borrows to the mazimum int = 0 against the good state);

Ao = /\175 > )\179 ([LLQ > 0 and H1p = O) and
ap=F (K,) =G <1 (17)

Type 2) A corner equilibrium (the banker borrows to the mazimum in t = 0 against both states);
Ao > s (p1s > 0).

Proof of Proposition 1: See section 6.A.4 in the Appendix.!” O

The key takeaways from this sub-section are the following. There will be no fire sale and bail-out in
the good state. If the equilibrium is interior, there will be a fire sale in the bad state, and there might
be a bail-out depending on the size of the exogenous deadweight loss from taxation. Furthermore, for
any level of the fire sale, each banker values wealth more in the bad state relative to the good state,
A (k{b> > A1 4. Therefore, he will always borrow first to the maximum against the good state and,
only then, against the bad state. This pecking order of borrowing will be potentially different in
the large banks’ case. This difference will be at the core of the proof as to why an instrument that

constrains the state-contingent borrowing of large banks might be required.

3.1.4 Bail-Out Authority: Commitment

In this sub-section, I discuss how the optimal bail-out changes if the bail-out authority can commit

and there is no ex-ante regulation. Commitment is defined as the bail-out authority choosing state

16 To see why, one can express the bail-out as the tax rate times the tax base times the fraction of non-wasted taxes.
More precisely,

Tl,s = XT1,s (Xa k{,s) a (lis (Tl,s <X7 k{,s) 7@,&))) ) (16)

where [] ; and 71 5 are given by equations (1) and (15), respectively. A higher fire sale leads to a higher labor tax
rate, as it increases the marginal benefit of an extra dollar in the hands of the banks in a crisis, as perceived by the
bail-out authority. Higher distortionary labor tax rate leads to a lower labor supplied, and hence to a smaller tax
base. Given that I assume that the labor tax rate chosen is always on the left side of the Laffer curve, the increase in
the labor tax rate dominates the fall in the tax base, and the overall effect is that a larger fire sale leads to a higher
optimal bail-out.

"In an online Appendix, I provide numerical examples which visualize the proofs of a few of the Propositions and
Lemmas presented in the paper, including this one.
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contingent labor taxes and bank transfers in the beginning of period zero before the banker chooses his
period zero allocation. I focus on the interior equilibrium, as defined in Proposition 1. Section 6.A.5
in the Appendix provides the formal derivations and further details. The discussion is purposefully
brief as for the rest of the paper I focus only on the no commitment case, which is the more realistic
case.

The main difference between the commitment and the no commitment problems in the small
banks’ case is that if the bail-out authority can commit, it internalizes the fact that a larger ex-post
bail-out will just encourage more bank investment ex-ante without decreasing the equilibrium fire
sale in the bad state (i.e. it takes into account equation (17)). This result is in contrast to the no
commitment case where the bail-out authority chooses the bail-out in the beginning of period one
and, therefore, it takes kg as given. Conditional on kg being pre-determined, larger bail-out decreases
the equilibrium fire sale. For these reasons, the bail-out authority that can commit optimally provides
a smaller bail-out. As a result, the problem of the bail-out authority is time inconsistent if there is
no ex-ante regulation.!®
Notice that even if the bail-out authority can commit, the optimal bail-out might be still positive

because it relaxes the borrowing constraint of the banker.

3.2 Constrained-Efficient Central Planner

In this sub-section I solve the constrained-efficient Central Planner’s problem defined in section 2.6. I
consider both the no commitment and commitment cases, the formal solutions to which are presented
in Sections 6.A.6 and 6.A.7 in the Appendix. The allocations of the two problems coincide, which
implies that the Central Planner’s problem is time consistent.

Below I present the key first order conditions and results from the Central Planner’s problem
without commitment. As in the decentralized equilibrium, the Central Planner’s allocation is such
that the only possible equilibria types are an interior equilibrium (A§” =AY > A{”) and a corner
equilibrium ()\OCP > )\gf ) I will focus on parametrization such that the Central Planner’s equilibrium
is always interior (see assumption 4 in the Appendix for the required condition). Moreover, as in the
decentralized allocation, there will be a fire sale in the bad state and no fire sale and no bail-out in
the good state.

The first order conditions with respect to capital determine the marginal value of wealth in the

18Tn the case of large banks, there will be another important difference between the commitment and no commitment
cases. In the commitment case, large banks will internalize that they can no longer affect the bail-out they receive
with their period zero actions, which will eliminate the “Too-Big-To-Fail” moral hazard. Formal derivations of the
large banks case with commitment and no ex—ante regulation are not presented as the problem is significantly less
tractable.
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hands of the banker as perceived by the Central Planner

Ay

)\CP o
175 - aqL
Qs T gy (ks — ko)

(18)

9q1.s q1,s
MORP =" =) (/hc,f (qu -7+ ﬂk()) +ATY ((Al,s ) + A (ko kLs))) = MBT.

8k0 a]{70

s

(19)

The first order conditions with respect to the state-contingent debt determine the Lagrange multi-
pliers on the borrowing constraints — u? = A§* — AT > 0 and uff = A§" — A{ = 0. The only
difference between the Central Planner’s first order conditions and the first order conditions of the
infinitesimally small banker is that the Central Planner internalizes the fact that her decision impacts
prices. This difference will be at the core of the inefficient pecuniary externalities.

One can solve for the equilibrium fire sale, k{bc P using the fact that the interior equilibrium

implies that A§” = A{'". The fire sale is determined by
P (HE™) + P (HEP) T 20

where I denote the Central Planner’s allocation with the superscript “C'P”.

The first order condition with respect to taxes is the same as inequality (14) since /\16:5 (k{ b> =

;\'19 <k{7b), and it implies that the optimal tax is given by equation (15). The Central Planner will
choose the same ex-post bail-out as the bail-out authority in the middle of the crisis, conditional
on being able to choose the ex-ante allocation of the banker. Therefore, when we discuss how the
Central Planner’s allocation can be decentralized, it will imply that the policy maker will not need to
regulate (or replace) the bail-out authority, which cannot commit. To link it to reality, if regulators
can design the ex-ante regulation optimally, they do not need to regulate how the fiscal authority
sets bail-outs in the middle of a crisis and do not have to introduce commitment mechanisms.

If the equilibrium is interior for both the Central Planner and the banker in the decentralized

equilibrium, the banker values his wealth in the bad state by less than the Central Planner does since

A A
AT (k) = R - AL} > A (k) = T}:{b) (21)

The fact that inequality (21) is satisfied is crucial for the presence of ex-ante over-investment. The

following Lemma makes this point formally, where I denote the allocation from the decentralized
problem with no ex-ante regulation and ex-post bail-out with no commitment with a star.
Lemma 4 The banker in the decentralized equilibrium with no ex-ante requlation and ex-post bail-out

without commitment overinvests relative to the constrained Central Planner; kST < k. The source of
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the externality is inefficient pecuniary externalities and it is captured by the difference in the perceived
marginal benefit to cost ratio of an extra ko between the banker and the Central Planner, evaluated at
the Central Planner’s allocation. This difference is equal to the following “inefficiency” wedge, which

captures the strength of the externalities

1 1 P
I (K{{") = RMVi, — RMVSY = @ - 5 | == F (KT ) RITT > 0,(22)
ALp (k{b ) Aff (k{b > 2

MBy, (K{{")
MCkO <l€{:bCP>

MBE" (k5"
MCgr (KT

where ® = (1A 4+ m) A2 > 0, RMVj,, = ,RMVT =

Proof of Lemma 4: See section 6.A.8 in the Appendix.[]

I sketch the key parts of the proof. To prove the presence of over-investment, it is sufficient to
prove that the fire sale in the Central Planner’s allocation is smaller than the one in the decentral-
ized equilibrium. Conditional on interior equilibria, from equations (11a), (11b), (18) and (19), the

marginal benefit to cost ratios can be expressed as

1
RMVk%’P =1 —’Y+7Tb (Al,b — ].) +®W
1,b 1,b
1

()

where the equilibrium fire sales, k:{;: and k:{l? P are determined by RMVy, = 1 and RM kap =1,

respectively.

RMVk0:1—7+7Tb(A17b—1)—|—(I)

The marginal values of wealth in the bad state always increase with the size of the fire sale and,
if inequality (21) is satisfied, it implies that RMV,EP < RMV;,. Therefore, k:{l? F< k‘{;‘ .

The wedge between the Central Planner’s and the banker’s first order conditions, which captures
the strength of the externalities, is given by combining equations (23) and (24). The fact that it
is positive implies that the banker perceives the marginal benefit to cost ratio of an extra ky to be
higher than the Central Planner does, which is why we observe the overinvestment. The more the
Central Planner values wealth in the hands of the banker in the bad state relative to the banker,
the bigger this wedge is and the stronger the externality is. The “inefficiency” wedge will be a key
variable in understanding how the “price” regulatory instrument varies with the fiscal capacity of
the country.

From equations (11a), (11b), (18) and (19) it is clear that the only reason why the “inefficiency”
wedge is positive is because the Central Planner internalizes that the banker’s actions affect the price

of bank capital while the banker, who is small, does not. Therefore the only inefficiency is due to the
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pecuniary externalities.”

Intuitively, unlike the infinitesimally small banker, the Central Planner internalizes the fact that
if banker 7 invests a lot ex-ante, his wealth in the crisis state will be low and the aggregate fire sale
will be large. A large fire sale tightens the budget constraints of the other bankers and leads to lower
investment and consumption for all bankers and larger profits for the foreign arbitrageurs. This is
why the pecuniary externalities in this model are inefficient. In the case of large banks, where banks
also internalize that their actions impact the size of the bail-out, there will be a second externality

due to “Too-Big-To-Fail” moral hazard and the “inefficiency” wedge will be a function of it as well.

3.3 Ex-Ante Regulation and Fiscal Capacity

Given the presence of ex-ante over-investment, in this sub-section, I study how one can decentralize
the constrained Central Planner’s allocation and how the optimal regulation varies with the fiscal
capacity of the country. For this section and for the rest of the paper I assume that x is such that the
bail-out in the bad state is positive in both the Central Planner’s and the decentralized allocation

with no ex-ante regulation.

3.3.1 Fiscal Capacity and Key Comparative Statics

First, I define fiscal capacity within the framework of the model and derive some useful comparative
statics of the endogenous variables with respect to fiscal capacity.

Definition 1 A country has a larger fiscal capacity relative to another country, if it has a lower
marginal cost of bank bail-out, MCrp, = %, for a giwen level of bank bail-out, T ;.

Lemma 5 Given definition 1, and holding all else constant, a country has a larger fiscal capacity
relative to another country if it has a more productive labor-intensive sector (a is higher), lower
dis-utility from labor (w is lower) and lower exogenous dead-weight loss of tazation (x is larger).

Proof of Lemma 5: See section 6.A.9 in the Appendix. []

Countries with a more productive labor-intensive sector and lower dis-utility from labor have a
larger tax base, holding all else constant. As a result, these countries can provide the same amount
of bail-out by imposing a lower distortionary labor tax, which leads to a lower marginal cost of the
bail-out for a given Tj,. The marginal cost of the bail-out is also a function of the efficiency of
the government, x. If x is high, to finance a certain bail-out, the policy maker will impose a lower
distortionary labor tax rate, 7 5, leading to a lower marginal cost of the bail-out.

Lemma 6 examines the question how the fiscal capacity impacts the size of both the bail-out and

the marginal increase of the bail-out as the fire sale increases. These derivatives will be at the heart

of a lot of the proves that follow.

9Unlike this paper, in Bianchi (2016) bank transfers generate moral hazard even when banks are small. The reason
why is because the transfers received are exogenously designed as a fraction of each bank’s debt.
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Lemma 6 For a given level of the fire sale, k{’b, larger fiscal capacity implies a larger equilibrium

bail-out

8T1,b 8T17b aTl,b
ox Ow da

Larger fiscal capacity due to lower dis-utility from labor and higher productivity of the labor-intensive

> 0; < 0; > 0.

technology leads to a larger marginal increase of the bail-out when the fire sale is large than when it’s
small. In contrast, larger fiscal capacity due to a lower exogenous distortionary cost of taxation leads

to the opposite result
0T, 0T, 0T,
—1’b < 0, Lb 1,b
o(kly)ox  o(k,) o0 a(k],) 0
Proof of Lemma 6: See section 6.A.10 in the Appendix.[]
The marginal benefit of the bail-out, given by M Brp, (k{b> = )\fb (k’{b> , is not a function of the

fiscal capacity, while larger fiscal capacity implies lower marginal cost of the bail-out (see Definition

> 0.

< 0;

1 and Lemma 5). As a result, larger fiscal capacity is associated with a higher bail-out, for a given
fire sale.

The intuition why the cross partial derivatives differ, depending on the source of the fiscal capacity
is due to the fact that a and w affect only the tax base of the country, while x affects both the tax
base and the optimal tax rate (see the expression in footnote (15)). While larger fiscal capacity
always implies a larger tax base, higher x also implies lower marginal increase of the tax rate as the

9?15 (x) : 2Ty
ok ,)ox < 0. This latter force pushes
Oy

0
ok, )ox
generating the difference in the comparative statics of W;) with respect to the various fiscal capacity

1,b

fire sale increases

to be negative and it dominates,

parameters.
The next Lemma derives the comparative statics of the optimal period zero investment and the
fire sale with respect to fiscal capacity in the Central Planner’s equilibrium. I consider the case where

the Central Planner’s equilibrium is interior.

Lemma 7 The equilibrium fire sale in the Central Planner’s allocation, k{bc P, does not depend on

kPP

the fiscal capacity of the country; —5o— = 0 for x € {a,w,x}. In contrast, larger fiscal capacity
k§P

<

Ow

C
implies optimally higher period zero investment chosen by the Central Planner: Ok " > 0, 2

kS o
0, a(; > 0.

Proof of Lemma 7 : The fact that k’{bc P is not a function of the fiscal capacity of the country

follows directly from equation (20) and, importantly, will imply that the pecuniary externality will
not be a function of the fiscal capacity. The comparative statics of kST coincide with the comparative
statics of T1 (k:{b> with respect to the fiscal capacity parameters (see equation (40) in the Appendix).
From Lemma 6, larger fiscal capacity implies a larger optimal bail-out and, therefore, a larger kS,

which finishes the proof. [
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Lemma 7 implies that, in equilibrium, the Central Planner responds to a higher bail-out in the
future by increasing his period zero investment in a way that keeps the equilibrium fire sale constant.
Moreover, larger fiscal capacity is associated with a higher optimal ex-ante investment chosen by the
Central Planner — a result which will be crucial to understand the comparative statics of the ex-ante
minimum bank capital requirement with respect to fiscal capacity.

In Lemma 12 in section 6.A.11 of the Appendix I derive similar comparative statics for the fire
sale and the ex-ante investment chosen by the banker in the decentralized equilibrium with small
banks and no ex-ante regulation. The comparative statics for kj and k:{,f with respect to fiscal
capacity are identical to the comparative statics of k§'¥ and k"{bc P with respect to fiscal capacity
and the intuition as to why is similar. These results help answer the following question: Do banks
overinvest and overborrow by more if fiscal capacity is large rather than small. In other words, is
regulation more important for a country with a large versus a country with a small fiscal capacity?
The answer is that it depends on the source of the fiscal capacity. If the fiscal capacity is larger
because the country has a larger tax base, then overinvestment and overborrowing against the bad
state by banks is even bigger (i.e. the equilibrium allocation deviates by more from the constrained
Central Planner’s allocation). However, the opposite is true if the fiscal capacity is larger because a
country is less corrupt and more efficient at collecting taxes. (For formal derivations see Lemma 13
in section 6.A.11 of the Appendix.)

These results make it clear that the strength of the externality, as captured by the “inefficiency”
wedge given by equation (22), is not the same concept as the degree of the overinvestment and
overborrowing. While the strength of the externality in the small banks’ case is not a function of the
fiscal capacity, the degree of overinvestment is. The distinction is subtle but important to understand

the mechanisms in the model.

3.3.2 Ex-Ante Regulation

Next I solve for the optimal ex-ante regulation. The following Proposition proves formally that one
can use either a “price” or a “quantity” instrument, as defined in sub-section 2.4.2, to regulate ex-
ante investment in order to decentralize the constrained Central Planner’s allocation and emphasizes
the link between the two instruments.

Weitzman (1974) argues that if there is full information the two regulatory instruments are in-
terchangeable. The main reason why I consider both a “price” and a “quantity” instrument, even
though either one of them will be sufficient to decentralize the constrained Central Planner’s alloca-
tion, is to point out that the comparative statics of the two types of instruments with respect to the
fiscal capacity of the country will vary significantly. More precisely, whether larger fiscal capacity
implies more or less regulation will depend on the type of policy instrument used, where I will use

the term “more regulation” to refer to a higher p or a higher 5.
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Proposition 2 The constrained Central Planner’s allocation can be decentralized using a single ez-
ante instrument — either a minimum bank capital requirement constraint or a tax on period zero
imvestment; p* = k;é—op or Té‘:’* =11 <k{bcp) > 0. The star denotes the optimal policy and 11 (-) is
defined in equation (22). Furthermore, 70" = € (p*), where \o& denotes the Lagrange multiplier on
the minimum bank capital requirement constraint.

Proof of Proposition 2: See section 6.A.12 in the Appendix.[]

The reason why in order to decentralize the constrained Central Planner’s allocation one needs an
instrument that controls ex-ante bank investment is due to the fact that with no ex-ante regulation
the banker overinvests relative to the constrained optimal allocation (see Lemma 4). For a given
ko, the rest of the endogenous variables in the decentralized equilibrium with no commitment and
no ex-ante regulation and the constrained Central Planner’s allocation coincide. The main reason
why that is the case is because both the banker and the Central Planner value wealth by more in a
crisis than in the good state for any value of the fire sale, which is why they choose the same state
contingent borrowing. As a result, a single instrument is sufficient to decentralize the constrained
Central Planner’s allocation. This will not be the case in the large banks’ case where a second
instrument might be required.

Next, I discuss how the “quantity” and “price” instruments differ and Proposition 3 explores how
these differences translate into different comparative statics of each instrument with respect to the
fiscal capacity of the country.

The optimal minimum bank capital requirement is a function only of the Central Planner’s first
order conditions, which determine kSF. In contrast, the Pigouvian tax on period zero bank invest-
ment, Téc ™, is equal to the “inefficiency” wedge given by equation (22), which is driven by the presence
of inefficient pecuniary externalities as discussed in Lemma 4. The larger this wedge is, the higher
the optimal tax rate is. In summary, these differences between the two instruments imply that the
strength of the externality does not impact p* in any way, but it is the main driver of Té“ *

The following Proposition solves for the comparative statics of the optimal ex-ante regulation with
respect to the different fiscal capacity parameters.

Proposition 3 If the policy maker uses a minimum bank capital requirement to decentralize the
constrained Central Planner’s allocation, a larger fiscal capacity implies a lower optimal minimum

bank capital ratio. More precisely, %—i < 0, % < 0 and %%* > 0. If a tax on capital is used instead,

k,*
a7,

fiscal capacity does not affect the optimal tax on capital. More precisely, —— =0 for x € {a,w, x}.

Proof of Proposition 3: The relationship between fiscal capacity and the optimal regulation
depends crucially on whether a “quantity” or a “price” instrument is used. Consider the case of a
“quantity” instrument. Given the presence of over-investment, the minimum bank capital constraint
binds and p* = ,%—Op Since ng is exogenous, to prove that larger fiscal capacity implies lower p*, it is

cpP k,x
kO

sufficient to prove that large fiscal capacity implies large , which was done in Lemma 7. Since 7",
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specified in Proposition 2, is not a function of any of the fiscal capacity variables, all the derivatives
of T(l)c ™ with respect to the fiscal capacity parameters are zero.[]

The intuition of the proof of Proposition 3 is the following. The size of the optimal p* is a function
only of the period zero quantity invested chosen by the Central Planner. For a given level of ex-ante
investment and borrowing, the Central Planner of a country with a large fiscal capacity optimally
provides a large bail-out in a crisis. This alleviates the fire sale and increases the re-sale price of
capital. As a result, from the perspective of the Central Planner, the marginal benefit of period zero
investment is higher if the country has a larger fiscal capacity. Therefore, such a Central Planner
optimally chooses a higher ex-ante investment, which implies lower ex-ante minimum bank capital
ratio.

In contrast, the optimal ex-ante tax on capital is equal to the “inefficiency” wedge. This wedge
is driven by the pecuniary externalities and, as such, depends on the effect of the aggregate fire
sale on the price of capital, summarized by F” (k:ff ) However, the equilibrium fire sale in the
Central Planner’s allocation, k:lc I’ is not a function of the fiscal capacity of the country (see Lemma
7), which implies that the strength of the pecuniary externalities, and, hence, the optimal “price”
instrument, Tok * do no depend on the fiscal capacity of the country. This result will change in the
large banks’ case where the “inefficiency” wedge will vary with the fiscal capacity of the country due
to the “Too-Big-To-Fail” moral hazard.

4 Large Banks

In this section, I consider a set-up with large banks and an equilibrium concept where bankers
internalize the effect of their actions on the fire sale price and the bail-out that they receive. I
assume that there are N symmetric banks, each of which has a measure % Aggregate bank variables
are given by ;s = Zfil %x;s, which guarantees that the allocation is finite. It will be the case that
as N — oo, the large banks’ case converges to the continuum of banks’ case.

I apply a sub-game perfect Cournot-Nash equilibrium concept. The equilibrium is Cournot-Nash
because in period t banker ¢ internalizes the demand function for capital, which can be obtained
by combining the period ¢ market clearing conditions and the first order conditions of the foreign
arbitrageurs. As a result, he takes into account that his actions in period t affect equilibrium prices in
period t. However, banker i takes as given the period t actions of the other bankers. The equilibrium
is also sub-game perfect since I solve the problem using backward induction. Given that in period
t banker 7 takes into account the future best response functions of all agents, including the bail-
out authority, he internalizes his impact on the bail-out. This channel will be the source of the
“Too-Big-To-Fail” moral hazard, which is present only in the large banks’ case.

The timing and notation are the same as in the small banks’ case. The Lagrange multipliers and
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the equilibrium variables are differentiated from the small banks’ case with the superscript “I”.
Finally, in addition to assumptions 1, 2 and 4, in this section, I also introduce assumptions 6, 7

and 9, which are defined in the Appendix. They are necessary for the problem to be well-behaved

and interesting, i.e. for there to be a positive bail-out in the bad state and for the equilibrium to

exist and to be unique.

4.1 No Ex-Ante Regulation

This sub-section collects the most important first order conditions and discusses the types of equilibria
present in the case of large banks, no commitment of the bail-out authority and no ex-ante regulation.
Furthermore, I compare the decentralized equilibrium of the large banks’ case to the small banks’
case. Details of the set-up and the solution are presented in section 6.B of the Appendix.

In the following Proposition, I prove that the solution to the decentralized equilibrium with large
banks, no commitment by the bail-out authority and no ex-ante regulation has two types of equilibria,
as in the case with a continuum of banks. The results in Proposition 4 correspond to the results in
Proposition 1 and in Lemmas 3 and 2.

Proposition 4 There are two types of equilibria:
Type 1) An interior equilibrium (the banker borrows to the mazimum in t = 0 against the good state);
Ay = /\lLb > )\1179 (ull,g > 0 and Hl1,b = O) and k{é* is determined by

filx
Folx e S<k1vb )

aw (M17) = F () = |1+ ——= | & (25)
ACH

strategic term,

7price impact” term “Too-Big-To-Fail” moral hazard term
where S (k{,b> = |- (k{’b> K, | - 7 T (k{’b>, (26)
1
zZ (k{b> = F (k{b> + F" (k{b> k{,b + FT{,b (k{b> ) (27)

and T7, (k{b) > 0 is given by equation (37) in the Appendiz.

Type 2) A corner equilibrium (the banker borrows to the mazimum in t = 0 against both states);
N> AL (4, > 0).

Lemma 2 holds. Similarly to the small banks’ case, the optimal labor tax rate is given by equation
(15), where the bail-out authority has the same marginal valuation of wealth in the bad state, i.e.
jxll’B (k{b> = 5\119 (k{b> . Finally, if N — oo, the allocation coincides with the allocation in the small

banks’ case.
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Proof of Proposition 4: See section 6.B.1 in the Appendix. [J

Lemmas 2 and 3 apply to the large banks’ case as well. More specifically, if banks are large, the
optimal labor tax rate is given by the same formula as in the small banks’ case, and there is always
a fire sale in the bad state if the equilibrium is interior and no fire sale and no bail-out in the good
state.

Similarly to the case with a continuum of banks, the key endogenous variable is the marginal value
of wealth in the bad state as perceived by the banker. If the equilibrium is interior, >‘ll,b and )\1179 are

given by the following equations

S (k{b> A
Noy=11+ ’ v (28)
z(k,) | P (k)
—— ——
strategic term/ non-strategic term
A, = As. (29)

The only difference between the marginal values of wealth in the bad state in the large banks’ case,
)‘ll,bv and the small banks’ case, A1p, is due to the strategic term in equation (28). The larger N is
(the smaller the banks are), the smaller the strategic term is in absolute terms and as N — oo, the
large banks’ case coincides with the continuum of banks’ case.?’ This result is intuitive since the
smaller the banks are, the smaller their perceived effect on the price of capital and the bail-out is.

The scaled strategic term, S (k’{b> , has two components — a “Too-Big-To-Fail” moral hazard

term, N+,fT1,,b (k:{b> > 0, and a “price impact” term, —%F” (k:{b> k{b > 0. The “Too-Big-To-Fail”
moral hazard term captures the fact that the large banker realizes that a larger fire sale increases
the bail-out he receives in the bad state. At the same time, the fire sale is large when the banker’s
wealth in the bad state is small. Therefore, from equation (28), the “Too-Big-To-Fail” moral hazard
term makes a larger banker value wealth in the bad state less than a smaller banker does. The “price
impact” term captures the fact that, when banks are large, they realize that larger fire sale implies a
lower resale price of capital, less investment in the bad state and lower welfare. Therefore, the “price
impact” term makes the large banker value wealth in the bad state more than the small banker does.

Whether a large banker values wealth in the bad state more or less relative to a small banker will
depend on the relative size of the “Too-Big-To-Fail” moral hazard term and the “price impact” term,

which is captured by whether .S (k’{b) is positive or a negative. For a given k{,m if the “price impact”

term is smaller than the “Too-Big-To-Fail” moral hazard term, S <k:{b> < 0, a large banker values

wealth in the bad state less than an infinitesimally small banker does and the other way round.

*"The proof is as follows. Since limy ;00 A}, (k{’b) = Aip (klfb) , then limy_ o k{é* = k{; and the rest of the

endogenous variables are determined by the same system of equations.
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The following Lemma builds on this intuition and further compares the allocation in the infinites-
imally small banks’ case to the one in the large banks’ case, assuming the equilibria are interior.
Lemma 8 If the “Too-Big-To-Fail” moral hazard term is larger than the “price impact” term,
evaluated at the equilibrium fire sale, k{,l)*, (i.e. S (k:{ff) < 0), then the large banks’ allocation
features a larger fire sale, lower fire sale price of capital, larger period zero investment, and larger
debt against the bad state than the small banks’ allocation. If the “Too-Big-To-Fail” moral hazard
term is smaller than the “price impact” term, (i.e. S (l{:{é") > (), then the opposite is true.

Proof of Lemma 8: See section 6.B.2 in the Appendix. [J

Lemma 8 points out that the severity of a crisis and the degree of the ex-ante boom and overinvest-
ment, holding the fiscal capacity of a country constant, depends on the size of the banks. Whether
larger banks contribute to more or less severe financial crises will depend crucially on the comparison
between the size of the “price impact” term and the “Too-Big-To-Fail” moral hazard term. The
former is linked to the pecuniary externalities while the latter is linked to the “Too-Big-To-Fail”

moral hazard in the large banks’ case, which are defined formally in the next sub-section.

4.2 Constrained-Efficient Central Planner

In this sub-section I discuss how the constrained Central Planner’s allocation compares to the de-
centralized allocation with large banks and what are the externalities present when banks are large
relative to the case when banks are small.

Notice that the constrained Central Planner’s problem is the same in the small and in the large
banks’ cases. The reason why is because all agents are risk neutral and the banker’s production
technology is linear. As a result, the Central Planner chooses only aggregate variables and the size
of the banks does not affect the Central Planner’s optimization problem.

The following Lemma is the large banks’ case counterpart to Lemma 4.

Lemma 9 For any N, the banker in the decentralized equilibrium with no ex-ante requlation and ex-
post bail-out without commitment overinvests relative to the constrained Central Planner; k§¥ < ké’*.
The sources of externality are inefficient pecuniary externalities and “Too-Big-To-Fail” moral hazard
and they are captured by the difference in the perceived marginal benefit to cost ratio of an extra

ko between the banker and the Central Planner, evaluated at the Central Planner’s allocation. This
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difference is equal to the following “inefficiency” wedge

1 1
' (k;{fp) = RMV. — RMVE? = @ - (30)

Mo (KE7) o (K
S (k{b)

7 (k)

~—— Jad (k{fP)

_ . strategic term P ) + 11 (k{,bCP> > 0’
S (k) Az |

Z (k{’b>
—

strategic term

1+

which captures the strength of the externality. For N = 1, the “inefficiency” wedge is a function
only of the “Too-Big-To-Fail” moral hazard while for N — oo, it’s a function only of the inefficient
pecuniary externalities. For 1 < N < oo, the wedge is driven both by the “Too-Big-To-Fail” moral
hazard and the pecuniary externalities.

Proof of Lemma 9: See section 6.B.3 in the Appendix. [

The proof parallels the proof of Lemma 4, where RM Vklo is given by equation (24) with A;; being
replaced by )\lLb. The rest of the proof is identical to the small banks case.

The differences in the sources of the inefficiency between the small banks’ case and the large banks’
case can be observed by comparing the “inefficiency” wedges 11 (k{bc P) and IT! (k{bc P). They differ
only because of the strategic term which is non-zero when N < oo. Let’s focus on the scaled strategic
component S (k{bc P) which consists of the “Too-Big-To-Fail” moral hazard and the “price impact”
terms. The “price impact” term weakens the inefficient pecuniary externalities relative to the small
banks’ case. This term pushes II (k{f P) to be smaller than II (k;{bc P>, but does not fully eliminate
the pecuniary externalities unless N = 1. The intuition why this is the case is the following. Even
though the large banker internalizes the fact that he partially affects the resale price of capital,
which, in turn, affects his own welfare, he underestimates the social cost of the fire sale. Unlike the
Central Planner, he does not internalize the fact that a lower resale price of capital in a crisis lowers
the welfare of the other bankers as well.2! The “Too-Big-To-Fail” moral hazard term captures the
presence of a second type of externality due to “Too-Big-To-Fail” moral hazard. This term pushes
I (k{bC P) to be larger than II (k;{bo P) . The large banker internalizes the fact that a larger fire sale
will increase the transfer he receives in a crisis, but does not internalize the cost of this transfer,
which the Central Planner does. As a result, he underestimates the social cost of the fire sale.

Whether the “inefficiency” wedge, and, therefore, the strength of the externality, is larger or

21For the corresponding derivations see section 6.B in the Appendix.
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smaller in the large banks’ case versus the small banks’ case once again depends on the relative
valuation of wealth in the crisis state by large and small banks and on the strategic term. The
following Lemma formalizes the result.

Lemma 10 If the “Too-Big-To-Fail” moral hazard term is larger than the “price impact” term,

)

S (k;{bCP> < 0, then the “inefficiency” wedge in the large banks’ case is larger than the small banks
case, 11" <k;{bcp> > 11 <kfbcp) . If the “Too-Big-To-Fail” moral hazard term is smaller than the “price

impact” term, S (k{bcp> > 0, then the opposite is true.

Proof of Lemma 10: The proof follows directly from equation (30). O

As discussed above, the pecuniary externalities are weaker when banks are large. However, large
banks also lead to “Too-Big-To-Fail” moral hazard which is not present in the infinitesimally small
banks’ case. Therefore, whether the “inefficiency” wedge is smaller or larger in the large banks’
case relative to the infinitesimally small banks’ case will depend on how the strength of the “Too-
Big-To-Fail” moral hazard externality compares to the reduction in the strength of the pecuniary

externalities when banks are large, which is summarized by the sign of S (k:{bo P) 2

4.3 Ex-Ante Regulation and Fiscal Capacity

In this sub-section, I study how one can decentralize the constrained Central Planner’s allocation

when banks are large and how fiscal capacity affects the optimal ex-ante regulation.

4.3.1 Fiscal Capacity and Key Comparative Statics

Before doing that, I briefly discuss how fiscal capacity affects the decentralized allocation with no
ex-ante regulation and no commitment by the bail-out authority when banks are large.

Lemma 15 in section 6.B.4 of the Appendix proves that the equilibrium fire sale in the case with
large banks is a function of the fiscal capacity of the country, which is in contrast to the results in
the small banks’ case and the Central Planner’s problem. More precisely, it shows that larger fiscal
capacity due to a more productive labor intensive sector or lower dis-utility of labor (i.e. larger tax
base) leads to a larger equilibrium fire sale and period zero investment. Larger fiscal capacity due to

the government being less corrupt or more efficient at collecting taxes implies lower fire sale.

220ne can ask the question under what conditions the large banker overinvests and overborrows by more than the small
banker does. If the “Too-Big-To-Fail” moral hazard term is larger than the “price impact” term, evaluated at the

equilibrium fire sale, k{é*, (ie. S (k{é*) < 0), then the large banker overborrows and overinvests by more than the
small banker does; ki* (N < 00) — k§P > k& — k§F and dllz (N <o0)— d?f >di, — dﬁf. If the “Too-Big-To-Fail”
moral hazard term is smaller than the “price impact” term, (i.e. S (k{é*> > 0), then the opposite is true. The

proof follows directly from Lemma 8 and from the fact that the Central Planner’s allocation does not depend on the
size of the banks.
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The reason why the equilibrium fire sale in the case of large banks is a function of the fiscal
capacity, while in the small banks’ case it is not, is because of the “Too-Big-To-Fail” moral hazard,
which is present only in the large banks’ case. One can show that how the fire sale varies with the

fiscal capacity of a country is driven by how the strength of the moral hazard varies with the fiscal

okly" 1 0Ty (wk] =k, ")
o XNl T o(k],)ox

Lemma 16 in section 6.B.4 of the Appendix derives the counterpart to Lemma 13 in the Appendix

capacity; for x € {a,w, x}.

and asks the question whether large banks overinvest and overborrow by more when fiscal capacity
is large relative to the case when it is small. Despite the differences in the comparative statics of
the endogenous variables in the large banks’ case versus the small banks’ case, the answer to this

question remains exactly the same as in the small banks’ case.

4.3.2 Ex-Ante Regulation

A natural question to ask is whether a single instrument that controls the period zero investment is
sufficient to decentralize the constrained Central Planner’s allocation when banks are large, as in the
small banks’ case. One way to answer this question is to set the minimum bank capital requirement
such that p = ]%—OP and check if the large banker chooses the rest of his choice variables to be the
same as the ones in the Central Planner’s allocation. Lemma 17 in the Appendix solves this problem
formally and shows that it will not be always the case that one can decentralize the Central Planner’s
allocation with only a minimum bank capital requirement when banks are large. A second instrument
which controls the large bank’s borrowing against the bad state might have to be imposed. Whether
a limit on the debt against the bad state has to be imposed, will depend on the fiscal capacity of the
country.

The following Proposition solves for what fiscal capacity parameter space a second regulatory
instrument will be needed and presents the solution for the optimal regulatory instruments.
Proposition 5 A single instrument, given by p"* = ]%—OP (or T(If’l’* =1II (/{;{bCP> > 0), is sufficient
to replicate the constrained Central Planner’s allocation if
(i) the productivity of the labor-intensive sector is lower than a particular threshold, a < a(w,x)
(i1) the dis-utility of labor is higher than a particular threshold, —w > &w(a,X)

(1ii) government efficiency is higher than a particular threshold, — x > X(a,w)
Otherwise, two instruments, p* (or 7o°* ) and Vb = dS§, will be needed to replicate the constrained
Central Planner’s allocation.

Proof of Proposition 5: See section 6.B.6 in the Appendix. [

The intuition why a single instrument is sufficient to decentralize the Central Planner’s allocation
when banks are small, but it might not be sufficient when banks are large, is the following. Both the
small and the large banker do not like selling capital at fire sale prices and, for that reason, perceive

the fire sale to be costly. However, unlike the small banker, the large banker realizes that a larger
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fire sale also implies a larger bail-out. If this latter force dominates, the large banker might not
value wealth in the crisis state by more than in normal times when facing a minimum bank capital
requirement. As a result, he might end up borrowing against the bad state before he has exhausted
his ability to borrow against the good state. More formally, from equations (28) and (29), the large

banker will value wealth by more in the bad state relative to the good state if the following condition
S (K], (k67))
z (KL, (k§7))

where &/, (k§'T) stands for the equilibrium fire sale, conditional on p = kcp A necessary but not

is satisfied

(31)

1= F (K, (k§7)) > -

sufficient condition for this inequality to be violated is that S <k{b (/{;OC P )) < 0, which implies that the
“Too-Big-To-Fail” moral hazard term is larger than the “price impact” term. To answer the question
whether a larger or smaller fiscal capacity makes it more likely that a second regulatory instrument
will be needed (i.e. inequality (31) is violated), it is sufficient to examine how the fiscal capacity
affects the size of the “Too-Big-To-Fail” moral hazard term. Lemma 6 addresses this question. Larger
a, smaller w and smaller y lead to a larger marginal increase of the bail-out as the fire sale increases,
holding all else constant, and, to a stronger “Too-Big-To-Fail’moral hazard, thus, making it more
likely that inequality (31) is violated. As a result, the cutoffs in Proposition 5 with respect to the fiscal
capacity parameters, which define when it is necessary to employ a second regulatory instrument, are
intuitive. A second instrument which regulates bank state-contingent borrowing will be required if
the country has a large enough tax base or if it is sufficiently inefficient at collecting taxes. The fact
that the result differs depending on how one defines fiscal capacity implies that micro-founding the
source of the fiscal capacity is important when studying how optimal bank regulation should vary
with the fiscal capacity of a country.

Finally, similarly to the small banks’ case, the formulas for p"* and Tk’l’ are the same with the
exception that in the case of 7 mbx 11 <k:{bc P> replaces 11 (k{f P) . The proof is identical to the small
banks’ case.

The following Proposition generalizes Proposition 3 for the large banks’ setting.

Proposition 6 Assume that the policy maker has an access to a sufficient number of instruments
to replicate the constrained Central Planner’s allocation. If the policy maker uses a mim'mum bank
capital requirement, a larger fiscal capacity implies a lower p"*. More preczsely, <0, %<0
and % > 0. If a tax on period zero investment is used instead, then a more pmducthty labor-

intensive sector (larger a) and lower dis-utility from labor (lower w) imply a higher éﬁl . More
kl* k,l,*
> 0,

('97'0

precisely a < 0. In contrast, lower government efficiency (lower x ) implies a higher

Té’l’*, 8T§ 7* < 0. Fmally, if a borrowing constraint against the bad state has to be imposed, a larger

81/ < 0.

Scal capacit implies higher optimal borrowing agains € oaa state, > > an
fiscal capacity implies higher optimal b g against the bad stat 0, 2% > 0 and
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Proof of Proposition 6: The proof how p'* varies with the fiscal capacity of the country is
the same as the proof of Proposition 3. The optimal debt in the bad state chosen by the Central
Planner is such that dlcf o k§T. Therefore, the comparative statics of v1* = dff with respect to the
fiscal capacity parameters are exactly the same as the comparative statics of k¥ with respect to the
fiscal capacity parameters given by Lemma 12. The comparative statics of T(If * with respect to the
fiscal capacity variables differ in the case with large banks relative to the continuum of banks’ case.
The fact that banks are large implies that they internalize their impact on the bail-out which affects
their perceived marginal value of wealth |, in the crisis state. As before, k:ff is still not a function

of a,w or x. From Proposition 5

grkie  OIL (k{fp) 1 T (kf,’f P)
ox Oz ~ Ny 8<k{,b> oz

for x € {a,w, x}. (32)

k,l,x k,l,*
Ty a7,

k1%
From Lemma 6, 8@@ > 0; =5— < 0 and aTg—X < 0.0

The reason why the comparative statics of the “price” and “quantity” instruments behave very
differently is due to the fact that the “price” instrument is equal to the “inefficiency” wedge, given
by equation (30), which captures the source and the strength of the externalities. In contrast, the
“quantity” instrument reflects only the Central Planner’s allocation.

Similarly to the small banks’ case, the pecuniary externalities are not a function of the fiscal
capacity since k:{bc P does not depend on the fiscal capacity parameters. Therefore, the comparative
statics of the “inefficiency” wedge and, as a result, the optimal tax on capital reflect how the strength
of the “Too-Big-To-Fail” moral hazard varies with the fiscal capacity of the country, as captured by
the cross partial derivative in equation (32).

Intuitively, when large bankers perceive the marginal effect of the fire sale on the bail-out received
to be larger (which will happen when a is large, y is small and w is small), they want to have an even
larger fire sale in the bad state, which they can achieve by investing more in period zero. In order to
discourage them from overinvesting, the policy maker sets the effective cost of period zero capital,
<1 + 7'5 ’l’*> to be even higher when the bankers are more tempted to overinvest which happens when
the “Too-Big-To-Fail” moral hazard term is larger. This intuition explains the comparative statics
of 7'(;6 % with respect to fiscal capacity and why the strength of the externality affects the size of the
“price” instrument.

Given that the Central Planner’s allocations in the small and large banks’ cases coincide, the
result that larger fiscal capacity implies lower ex-ante minimum bank capital requirement holds even
when banks are large. The result that the limit on borrowing against the bad state, if such a limit
is imposed, is increasing with the fiscal capacity of the country is due to the same reason as to why

larger fiscal capacity implies a lower minimum bank capital requirement since both instruments are
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“quantity” instruments. More precisely, both results follow directly from the fact that when the
government has deep pockets, banks can optimally afford to borrow and invest more ex-ante as the
bail-out authority can provide a large bail-out ex-post and alleviate the inefficiency due to the fire
sale.

Finally, I discuss how the results would change if one were to assume a concave banker’s production
technology. The main result that larger fiscal capacity implies a lower ex-ante minimum bank capital
ratio remains as long as during a crisis the marginal benefit of investing is not very small. The
intuition is the following. Introducing concavity in the production technology of the banker will
imply that the larger the fiscal capacity is, the larger the bail-out is, for a given ky, and the lower
the marginal product of ki is (since &y is higher).

As a result, for a given kg, the concavity will push the marginal benefit of period zero investment,
as perceived by the Central Planner, to decrease as the fiscal capacity increases. However, as long
as the decreasing returns to scale are not too strong in a crisis, this channel will not be sufficient to
dominate the fact that larger fiscal capacity implies smaller fire sale and a greater marginal benefit
of the period zero investment. If the latter force dominates, k§'¥ will be higher for countries with
large fiscal capacity, and the optimal minimum bank capital ratio will be lower.

Regarding the comparative statics of Tg " with respect to fiscal capacity, in the version of the model
with a concave banker’s production technology, larger fiscal capacity implies smaller equilibrium fire
sale, kff , and weaker pecuniary externalities. At the same time, larger fiscal capacity in the form
of a larger tax base indicates stronger “Too-Big-To-Fail” moral hazard. Therefore, if the production
technology is concave, it will be no longer clear whether larger fiscal capacity implies smaller or larger

k.,
Ty -

5 Conclusion

This paper studies the interaction between optimal ex-ante bank regulation and the ability of the
government to provide a bank bail-out in the event of a crisis and presents a number of normative
results. First, countries with larger fiscal capacity should have lower ex-ante minimum bank capital
ratios relative to countries with a smaller fiscal capacity, conditional on the policy maker having
sufficient instruments to replicate the constrained Central Planner’s allocation. Second, countries
with a concentrated banking sector and a large tax base relative to the size of the banking industry
or governments that are inefficient at collecting taxes should also impose a limit on the amount of
bank borrowing against a future crisis state of nature. This includes regulating derivative contracts,
which will leave the financial sector with a high liability during a systemic banking crisis. One can
consider a number of interesting extensions to the model, which I discuss below and are left for future

work.
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In the model presented in this paper, the government can raise revenue only via distortionary
taxation. In reality, a bank bail-out can be financed by taxing, borrowing or printing money (if an
independent monetary policy is available). The access to and the cost of these policy tools jointly
determine a country’s fiscal capacity. A country will optimally use all of these instruments up to the
point where the marginal costs of each of them are equalized. The marginal cost of each of these
instruments, in equilibrium, will be equal to the cost of an extra dollar of the bail-out. Therefore,
one can think of the marginal cost of the bail-out as a sufficient statistic. Since the fact that a
country has a higher marginal cost of the bail-out is enough to prove that it should impose a higher
ex-ante minimum bank capital ratio, the first key result of the paper will not change, even if one
were to introduce sovereign borrowing and money in the model. However, given that the strength
of the “Too-Big-To-Fail” moral hazard depends crucially on how one models the fiscal capacity of
the country, one needs to introduce borrowing and printing money explicitly, to study how they
will affect the second key result. Namely, that a second regulatory instrument might be required to
decentralize the constrained Central Planner’s allocation.

In practice, regulating banks’ net assets in a crisis can be challenging due to the ability of banks
to evade the regulation via financial innovation and due to the complexity involved in imposing such
regulation. If the model is extended by introducing bank size heterogeneity, one can show that by
conditioning ex-ante regulation and ex-post bail-outs on bank size, the policy maker can eliminate
the need to regulate derivative contracts. More precisely, he can either prevent large banks from
risk shifting by making their capital ratios very high or he can distribute the bail-out only to the
infinitesimally small banks which will eliminate the “Too-Big-To-Fail” moral hazard. Both of these
policies will eliminate the need to impose regulation on state contingent debt.?

To know whether one country should have a lower ex-ante minimum bank capital ratio relative to
another, a policy maker has to forecast the country’s fiscal capacity in future crisis states of nature.
She can do this by considering variables such as the size of the banking sector relative to GDP, the
availability of independent monetary policy and a forecast of the cost of sovereign borrowing in a
crisis. However, in many cases getting a reliable estimate could be challenging given that the cost of
sovereign borrowing can be very different during a banking crisis. Furthermore, complicated Value
at Risk models and detailed balance sheet data of financial institutions will be required to regulate
the banks’ net assets in a future crisis. Detailed study of the constraints policy makers might face
when implementing the optimal policy is left for future work.

The model also abstracts from a number of complexities in how banks operate by modelling them
as entrepreneurs, by having exogenous bank equity and by not modelling a richer and more complex
asset structure. Enriching the model will be important when translating its lessons into policy and

regulation. Yet, these abstractions are fruitful to highlight the key trade-offs in the debate on why

ZFollowing this paper, Davila and Walther (2018) study bank size heterogeneity and optimal bail-outs.
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and how we should regulate financial institutions of different size in countries with varying degrees
of fiscal capacity.

Finally, this model does not explicitly consider what might happen if one were to introduce
heterogeneous regulation and banks were allowed to relocate to different countries. A few papers
have emphasized the optimality of harmonized bank regulation using the argument of creating a
“level playing field” for banks.?* To generate the result that there will be a race to the bottom in
regulatory standards, as suggested by this literature, a crucial implicit assumption is that banks enter
foreign markets via branches, which do not have to abide by the regulatory standards of the country
where they operate. As more countries introduce regulatory standards for branches and subsidiaries
of foreign banks similar to those for domestic banks, the competition over commercial loans is less
likely to be affected by the heterogeneity in cross country regulation.?® Furthermore, markets are
naturally segmented since monitoring costs are lower if the banks are closer to the borrowers. Such
natural segmentation will prevent banks from locating in a country with laxer regulatory standards
and providing loans to firms in another country with more stringent regulation. Given this natural
market segmentation and the ability of governments to impose the same regulation on branches and
subsidiaries of foreign banks, governments could have significant leeway regarding having differential
regulation.?

In summary, the results of this paper suggest that harmonization in bank regulation is sub-optimal
and differences in fiscal capacity is an important source of heterogeneity to consider when designing

optimal bank regulation.
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Appendix 6.A Appendix: Small Banks — Proofs and Derivations

6.A.1 Proof of Lemma 1

The first order conditions with respect to capital of the producer of capital and the foreign arbitrageur
are qrs = 1 — pg, and F” (k;tfs> + ,uiis = @ 5. Since u,{is > 0 and pf, > 0, the first order conditions,
when combined with assumption 2 imply equation (8). More specifically if ¢; s = 1, since F’ (0) =1
and F” <k{ S) is strictly monotone and decreasing then k{ s = 0. If k{ s = 0 then ¢, = 1 since

q@ts < 1,F'(0) =1 and M{,s >0.If g5 =F (k;fs> < 1 then k:t]is > 0 since F' (0) = 1 and F” (k:tfs>

is strictly monotone and decreasing. If k;tf s > 0 then /J,{i s = 0and F’ <kztf s) = q1s < 1 where the
inequality follows from the previous argument. Equation (8), when combined with the assumption
hmkf,s I (k{ 8) > v, implies that the banker refinances all of his capital stock. Therefore, the
market clearing condition for capital is n/ kf s +hkis = ks + ki1 and equation (9) follows from the

market clearing condition for capital and the non-reversability of capital constraint. [
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The following comparative statics will be useful for future reference. From assumption 2 and

Lemma 1

Oqs P”’(k{s> <0ifk{,>0 )
Ok . 0if k{, =0
k], Ok, 1

= =—-——<0

k1. Ok n!

)

6.A.2 Proof of Lemma 2

The period one budget constraint of the banker, equation (10), combined with the period zero

borrowing constraint, equation (4), implies that

(Al,s - 7) k[’z) + Tli,s - dis > (Al,s - q1,s) k[l) + Tli’s

i i
Le b = q1 q1
,8 ]

(34)

There will be a fire sale in state s as long as ki,s — ki < 0. First, I consider the good state of
nature. From assumption 1 and Lemma 1, it follows that A; ;, > 1 > ¢ ,. Also the constraint Tf’s >0
implies that Tf,s > 0. Therefore, since Sﬁlb > 1, in the good state of nature every banker will increase
the amount of capital invested relative to period zero and there will be no fire sale. One can prove
by contradiction that there is a fire sale in the bad state conditional on the equilibrium not being the
corner equilibrium where the banker borrows and invests to the maximum. Assume that there is no
fire sale in the bad state. From equations (11a) and (11b) and the assumptions made it follows that
the marginal value of wealth in period zero, A}, is always greater than the marginal value of wealth
in period one, X, = Ay, since Ay (3, A1+ (1 —7)) > A;. This implies that the equilibrium
has to be a corner one where the banker borrows to the maximum in period zero. So if an interior

equilibrium exists, there has to be a fire sale in the bad state.?” [

6.A.3 Proof of Lemma 3

I prove the Lemma by proving the following steps:
(i) The optimal tax is such that 0 < 7 3 <1 —a.
( > 0 iff E\ﬁsx > 1
—0iff APy <1
(iii) The optimal tax rate is given by equation (15) in the text.
(iv) Finally, I prove Lemma 11 which implies that if there is a fire sale, 5\{3; <k‘{s> > ( and if there

11) T1,s

are positive transfers, then 77 (k’{s> > 0.

27In the online Appendix, I provide examples of parametrizations which ensure that the equilibrium is interior.
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The set-up generates a standard Laffer curve, where the same amount of bank transfers can be

financed with a low and a high tax rate. I assume that the policy maker will choose the lower and

. . . 6%
less distortionary tax rate. Since Tis = argmaXr, Tis = argmaxy, | XT¢,sa (l;s (Tt7s)) =1— a, the

optimal tax rate will be such that 7, ; <1 — «. The first order condition with respect to 7y s can be
re-written as
3 (].—06—7'1,5) wls

Als 0-nJ-a) o, (T’Ls))a =1 (35)

Consider the case @y’ = 0, which implies 71 ; > 0. This case will be an equilibrium outcome only
if x > 0. If x > 0 and given that 5\55 > 1, it follows that oo > stx = % > (. This result,

when combined with the assumption that 1 > « and the fact that 7 s < 78 =1 — «, implies that

the optimal tax has to be such that 1 — a > 7 ;. The fact that 7, > 0 follows directly from the

non-zero constraint on taxes, which finishes the proof of part (i). If @ES = 0 and 71, > 0, since
(1—a)(1—71,5)

(1—a—71,s) )
implies 71 5 > 0 can be proven by contradiction. Assume that if )\fsx > 1, then 7, = 0. If L%st >0

a > 0, it follows that > 1 and, hence, j‘st > 1. The reverse statement that j\fsx > 1
and 71 ¢ = 0, then from equation (35) 5\{378)( < 1, which is a contradiction. Therefore, if ;\fsx >1it
will be the case that 7y, > 0. If &, > 0 then 7, , = 0. Equation (35) implies AP x < 1. If AP x < 1,
I prove by contradiction that 7 3 = 0. Assume that S\ESX < 1 and 75 > 0. From equation (35) if
zﬁfs =0 and 7y, > 0, then 5‘559( > 1, which is a contradiction. This finishes the proof of part (ii).
Finally, the optimal tax rate, part (iii) is derived by combining equation (35) with the results in part
(ii). Finally I prove part (iv) which is separated as Lemma 11 since I will refer to it later on in the
Appendix.

Lemma 11

(i) I kI, > 0, then AP/ (k{) >0 and if ki, = 0, then AP, (k{) —0.

(i) If k{,s > 0 and 71, > 0, then 7 (k{3> > 0 and T} <k{s> > 0. If s =0 or k{s = 0, then

17, (k{s> =0 and 7 (k’{s> = 0.
Proof of Lemma 11: From equation (12) and from assumption 2, it follows that if k{,s =0,
then 5\’19; (k{s> =0 and if k{s > 0, then

| (o (1) + 7 () )
(k) - 2 He) e (1

£ (k) >o.
GICAETACALA

From equation (15) in the text and the equation above, one can show that

B! f —o)x
f XAL?(kl’S)(l l > 0 if ;4 > 0 and k{s >0
TLS <k175> = (AP, —(1-a)) , : (36)
0 if Tl,s = 0 or k{,s =0
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From the equation above and since T7 , (715) = xa (%)% (1—7,)Ta? 10T 5, it follows
that

o (KL) T () =

Ty (k{> =< Ty, {”—ﬁ ., (k:{) >0if 1y >0and &, >0 O (37)

)

Tl,s(]-*‘rl,s)

Oif iy =0o0rk{, =0

6.A.4 Proof of Proposition 1

Re-writing and combining the first order conditions of the banker given by equations (11) implies

Ko + A <7TgA1,g + Wbﬁf‘h,b)

o (38)

=7 (=) — 7y (1=7)
Ay

)\1,g = Ay; )\1,1;: —_— (39)
q1,b

To characterize the solution, it is sufficient to consider the various borrowing scenarios captured by
equation (11c). There are four potential types of equilibria based on whether pu;, binds or not.
First, consider the case where none of the period zero borrowing constraints bind — ;4 = 0 for
s € {g,b} — which implies that the marginal value of wealth is equalized across all states of nature,
Ao = Mg = Aip. Given that Lemma 2 implies that ¢14 = 1 and ¢, < 1, then this case is not an
equilibrium as the marginal value of wealth is higher in the bad state relative to the good state,
Mg < Aip. Next consider the case where the banker borrows to the maximum only against the
bad state, pi14 = 0, p1p > 0. This case implies \g = A\, > A1 which, once again, cannot be an
equilibrium for the same reason.

There are only two plausible types of equilibria that remain. The type 1 equilibrium implies that
the banker borrows to the maximum only against the good state, p;4, > 0 and 1, = 0, and this is
the interior equilibrium. In this equilibrium Ay = A1, > A4, which implies that k{’b is determined
by equation (17). The rest of the endogenous bank variables are determined by the following system

of equations
Ty (L) + F (k) k! + 22
(1 + - Al,b)
T n
dy = (1420 b= 225 iy = (1= )k (a1)
T T

kg = Aigho+Tig iy =ko— k'

Notice that once we solve for the aggregate fire sale, we can solve for all other endogenous bank
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variables. The second type of equilibrium is the type 2 corner equilibrium, where the banker borrows
to the maximum against both states of nature (p1s > 0), which implies that he values wealth in
period zero the most.

The system of equations for the type 2 equilibrium is:

dl,s = (q15 - 'Y) ko; qip = F (k{,b) (42)
k _ o . un
’ 1 - Zs s (91,8 - 7) T (1 - C]l,b) + v
Ay sko + T
kl,s =
qi,s

where ;5 > 0 and Ao > A .

Proof of Fxistence and Uniqueness:

It is sufficient to prove existence and uniqueness for k{b. Let k{;n * and k5™ denote the equilibrium
fire sale and period zero investment if the equilibrium is of type 2. Also k:{;n * and k™ are the upper
bounds on the admissible sets for ky and k{,b‘ First I prove that if the equilibrium is of type 2, it is

f,max
1

unique and exists. It is sufficient to prove that ky3™" is unique and exists.

First consider the case where ¢;;* = 1. In that case we can solve for the equilibrium allocation in

closed form and it is given by
n
ko™ = —70355??){ =1 =k qp=1 (43)

max  __ max max, max __
kl,s - Al,SkO +T1,s 7T1,s =0

Next consider the case ¢}"f* = F (k{,ﬁn aX) < 1. It will be the case that kg™ < 22. Also kma >0

is determined by © (k{gﬂax) = 0, where

AR f A ), 1T ()
(1= (6,)) e () (k)

From Lemmas 1 and 2, it follows that F” (k{b) <1, F” (l{?{b> <0, 177, (k‘{b> >0and Ay, <y <

(44)
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F’ (k{ b) , the latter of which implies 1 — F,‘?;’j-’ ] > 0. Therefore,
’ 1,b

A LR o
O (k) =1~ ’ Lo

n! ™ <1 — F (k:{b>> + v | m (1 — F (k{b>> + (F/ (k{b>>2
1 TI/,b (k{b> 1 I (kf ) Tip (k{b>
B N 1) ———"

+_
(k)
From equation (44), lz’mkfbﬁoo@ (k{b> — o0 and
1, )

, /. n
limyg, 0O (k) = 5 (lzmk{ﬁom,b (kL) - - ALb)) <0

as limk{’b VAT (k{b) =0 and (1 — Ay ) > 0. Therefore, the type 2 equilibrium will be unique since
o (k],) > 0.

Next, consider the interior equilibrium where k{b is determined by equation (17). Define = (k{b> =
F’ (l{{b) — G, and consider the range k{’b € (O,k:{:flax]. = <k{b> is a continuos function on this
range. From assumption 2, it follows that =’ <k{b> < 0 and limk{’b_)mE (k;fb) =1-G>0. 1If
= (k{gn aX) < 0, then there will be an unique solution to = (k{b) = 0 and the equilibrium will
be of type 1. If = <k{;n ax) > 0, the equilibrium will be of type 2, where one can also show that
= (k’{;ﬂ aX) > 0 implies that Ao <k:{,§n ax) > A g <k{;n ax). A sufficient and necessary condition for the
equilibrium to be of typel is given by F’ <k{,§n aX) <G.

Finally, I derive the sufficient but not necessary conditions on m which guarantee that the con-

sumer’s consumption is always strictly positive in the decentralized equilibrium with no ex-ante

regulation and small banks.
Too (k] )+F (k] )en? + 22

Assumption 3 If m > 0 is such that ((m, + 7yy) + 75 (1 — 7)) [z ) T ng < m,
?bi 1,b

[0}

1
" " —7 (k) aa -« * X X
where Ty <k{b> = XT1p <k{b) a <(M) ) and 11, and k{b are giwen by equations

w

(15) and (17), respectively, then it will be always the case that the consumer has strictly positive

consumption in t = 0 in the decentralized equilibrium with no ex-ante requlation and small banks.

P ot (Nl f o P ot (o * Nl p g

If — (1 + @7> Tk )P (s o+ + 2 <m and — (1 —7) Tup(kiis )+ (k5 Yo+ < m, then
W) ) TR (5 )

also the consumer’s consumption in t = 1 is strictly positive.

To see why this assumption is sufficient to eliminate the corner equilibrium in the consumer’s

problem in ¢ = 0, notice that if ¢f = 0 then p; ; < 7, (i.e. the net interest rate that the banker faces
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will be higher than zero). As a result, if ¢ = 0, the period one state contingent debt level demanded
by the banker will be smaller than the equilibrium debt level derived in equation (41) under the
assumption of a zero net interest rate. The market clearing condition implies that dj =dy’, 's» Where
by assumption d = dy* = 0. Therefore, the sufficient but not necessary condition to eliminate the
corner equilibrium in the consumer’s problem in ¢ = 0 is derived from mdj , + 7,d; , < m.

A similar argument applies to period ¢t = 1. Since dgf; = d5 ; = 0, the corner equilibrium, ¢f ; =0,

is eliminated as long as —dj ; < m for s € {g,b} . Finally, ¢f , is always strictly positive. [J

6.A.5 Problem of the Bail-Out Authority with Commitment and No Ex-Ante Regula-

tion

Lemma 2 and Proposition 1 apply in this case as well. Since the bail-out authority can commit, it
internalizes all future best response functions of all agents in the economy. I focus only on the type
1 interior equilibrium.

The bail-out authority maximizes aggregate welfare, and the period zero optimization problem

can be written as

mameZ wlf  (T1.s) —{—cts) = max 3m + 2¢ (0) + <e (T16) + Ao <k:0 — (F')_1 (G)nf>>

T1,s T1,s
+7g (e (T1,9) + A2 (A1 gko + T1,4)) subject to
T1,s > 0 [Wswf’sc] where
Tyy (rp) + G (F) 7 (G + 2

(1 + - A1,b>

I have substituted out the system of equations of the small banker with no ex-ante regulation given

ko (ﬁ,b) =

by (40), the first order conditions of all other agents and the market clearing conditions. The first

order conditions are:

ok Oko
Ty T (e’ (T1) + Ao 0 ) + 7rgAzA1,ga + waleC =0
T1b

(Tl,g) + w1B7C =0

Mg - ¢ (Tl,g> + A TY g

lg
Ok Tll,b (7_1717)

or 2 '
o (142 - Ay

Simplifying the first order conditions above implies
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Ty - ¢ (T1) + —Tll,b (T16) + wﬁéo =0

/ / B,C
Tig ¢ € (T, + A2T1,g (T1q) + wy, =0.
One can summarize the first order conditions in a way comparable to the case with no commitment,

equations 12 and 14:

AT () < —e (1) where
e
' 0

Lemma 3 and its proof apply to the commitment case as well with the exception that )\119 C replaces
\B
i

The first order conditions in the commitment case imply the same marginal cost — marginal benefit

B,C _ A \B
AL = 2 replaces Ay,

trade-off from raising taxes as in equation (14). The only difference is that
where )\{3’0 is the marginal value of wealth in the hands of the banker in the bad state, as perceived
by the bail-out authority that can commit. Lemma 3 applies to the commitment case as well with
the exception that /\f “ replaces ;\’19 Since the the bail-out authority which can commit internalizes
the fact that k{,b = (F")~" (@), it internalizes that that a larger ex-post bail-out will just encourage
more investment ex-ante without decreasing the fire sale in the bad state. For these reasons, the
bail-out authority, that can commit, perceives wealth to be less valuable in the hands of the banker

in the bad state, Aﬁ I;C < S\Eb, and optimally provides a smaller bail-out.

6.A.6 Constrained Central Planner (CP) — No Commitment

In t = 1, the objective function of the constrained CP is given by

max (¢ + Asky —ds) +€(0) +2m + e () +d; subject to

d2,k1,71,c1

subject to

a+qk+d <A +q —7)ko+T1 (1) + do [;\?P}

a >0 [B7]; da<0 [p5F]; k>0 [R(F]; m>0  [&f7]

where the CP takes into account the market clearing conditions, the budget constraint of the bail-out

authority and the first order conditions of the non-bank agents. The first order conditions are given
by
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R ACP A

AP = R ey (45)
8k1 T (Ko — k)
¢ (1) + AT () < 0 (46)

where if the first order condition, given by (46), holds with an inequality, then 7 = 0. From assump-
tion 1 and given that ¢, + 3 8‘“ (kl — ko) < 1, it follows that 5\?1» > 1 and ¢; = dy = 0. In order for the
budget constraint to be satlsﬁed it has to be the case that k; > 0 and #{” = 0. Similarly to Lemma
3, one can prove that the optimal tax is given by equation (15), where AP (l{:{ ) — \OP (k{ ) Lemma
11 also holds. In ¢t = 0, the CP maximizes

max  ¢o+ 3m+2e(0) + Z s (Asky s + e (115)) subject to

d1,s,k1,s,k0,c0

(s — ko > dvs  [meps?]
no + Z msdy s — ko —cop > 0 [)\OCP}

(Al,s -7 + q1,s) kO + Tl s —q1 skl,s - dl,s Z 0 [71'3)\16:5}
co >0 [zgp}, ko >0 [KOCP}

where the CP takes into account the best response functions in periods one and two, the market
clearing conditions, the budget constraint of the bail-out authority, the banker’s budget constraint

in period zero and the first order conditions of the non-bank agents. The first order conditions are

cpZ-ls 1,s cp9qi,s op (0
Fo + A S A
) ak}l’s +/’l’15 akls 0 + 1,s (8k1,s ( 0 1, ) qi, ) 0 ( 7)

Hie =257 AT Lt =057
Ty, \ 071, 9q1,s
(6 (Tl,s> + /\16:5 8711:s> 8;0 + Iu’l 8 <Q1 s+ 8(1;0 kO)
+>\f§ ((Al,s — 7+ qus) + 571(’; (ko — kl,s))

AT = k5T +Z7Ts

The proof that k§¥ > 0 and x§¥ = 0 is similar to the proof in the decentralized equilibrium with
small banks. One can prove that Lemma 2 holds as well. As before, there will be four potential
equilibria depending on whether pf’g CP hinds or not. First I prove that it will be always the case that
AP > AT which implies that the case A{Y = A§" for s € {g,b} and A{} > A{] = A§” cannot be
equilibria. Note that both of those equilibrium are interior and hence from Lemma 2, ¢;, < 1. Since

also ¢4 = 1, then there is no fire sale and hence no bail-out in the good state and A{} = Aj.
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/ cpPOTip | Omip CcPO9qp
Ay + <€ (T16) + AT an,b) ok, TP 8k1,bk0

p)
Qo — 32—1’; (ko — k1)

First, consider the case where 71, = 0. It implies that

cpPOqi,p
A +/~le Okwk

7 dip — 8k n > (ko — kl,b) g

which follows from the inequalities (33) and (13).
Next, consider the case 71, > 0 and g1, < 1. First, I prove that A{} > 5\10{: . The proof is by

contradiction. Conjecture that )\CP < XCP . From equation (46), which holds with an equality since
T1p > 0, if )\C < )\ then €' (71,) + )\1ch gzl”’ < 0. However, since ufbp > 0 and from inequalities

(33) and Lemma 11 aTl > < 0and a(h > > 0, it follows that

» Oy
, cpOTiy \ Ot CP 9
AP As + <€ (T10) + /\1b o b> Oy b B, RO
1 =
Dy — ak P s (ko — ki)
R Ay
> A\ =

Qo — azlz (ko — k1)
which is a contradiction and this finishes the proof that )\ff > 5\105 . Combining this result with
equation (13) it follows that

cP \CP CcP __
Al,b > )\Lb > )\179 —_— A2

There are only two possible types of equilibria remaining.
Type 1 Equilibrium: u 2 >0, N1b =
One can re-write the first order conditions as

A
)\11;—/\11;—)‘(?13: 2 >1

F(kdy) + F7 (k) K,

which implies
F (k) + F" (k) W, = G (48)
and ¢y = 0. The rest of the endogenous variables are determined by the system of equations specified
n (40).
Type 2 Equilibrium: u P>0

The allocation of the type 2 equilibrium is the same as the one given by the system of equations
n (42).
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Existence and Uniqueness:

It is sufficient to solve for k{,b' Consider the interior equilibrium where k{,b is determined by equa-
tion (48). Define Z°F (k{b) =F (k{b> +F” (k{b> k], — G, and consider the range k{, € (0, k{}™™].
Notice that 27 <k:{b) is a continuos function. Given assumption 2, it follows that Z¢ k‘{’b <0

and limCF 2 (k) = 1= G > 0. 1027 (k[™) = P (W) + P (W) k™ - G <0,

k{,b—ﬂ)
then there will be an unique solution to Z¢7 (k{b> = 0 and the equilibrium will be of typel. If
=OF (k{;“ax> =F (k{;nax> + F” (k{;nax> k{3 — G > 0, the equilibrium will be of type 2, where
one can also show that =¢F (k‘{én ax) > ( implies that A\§'” (k{én ax) > AP (k{;n aX). Therefore, a suf-
ficient and necessary condition for the CP’s equilibrium to be of typel is for the following assumption

to be satisfied

Assumption 4 The condition for an interior equilibrium in the CP’s problem 1is:
P () + () i <
and for a positive optimal bail-out in the CP’s problem 1s:
Aox > G.

Asx > G guarantees positive optimal bail-out for the following reasons. Given that the CP’s
allocation is assumed to be interior, in order for the optimal bail-out to be positive in equilibrium, it
will have to be the case that A{'F'y > 1, which implies Ayx > G.

Finally, I derive the sufﬁcier{t but not necessary conditions on m which guarantee that the con-
sumer’s consumption is always strictly positive in the Central Planner’s allocation.

T (k)P (RO R
— 10

Assumption 5 If m > 0 is such that (7, + m47y) + 7, (1 — 7))

1 [0
et

1— kf,CP ]
m, where Ty (k{bcp> = XTip (l{:{bCP) a (( Tt”’(wlyb ))0‘“) and 115 and k:{’bcp are given by

equations (15) and (48), then it will be always the case that the consumer has positive consumption
) ] ) x Tl’b(k{agp)_i_F/(k{,gp)k_{,gjpnf_i_:io
it =0 in the Central Planner’s allocation. If — (1 + —97) ’ ’ ’ L4+ <m

b (14_%}_141,1)) Ty
Tip(y ")+ F (b )k Tnf + 22

,b ) ) o )
<1 4 ) " < m, then also the consumer’s consumption is positive in
+o 4

A,

and — (1 — )
t=1.

The derivations and the intuition are equivalent to the ones under assumption 3.[]

6.A.7 Constrained Central Planner — Commitment

In this section of the Appendix, I solve the problem of the constrained CP with commitment and

prove that the allocation is equivalent to the CP’s problem without commitment. The CP that can
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commit maximizes

EOZ ¢ —wll (1) + )

Tl,s7d2,57d1,37k1,s7cl,svk07CO

T1,5,d2,s,d1,s,K1,5,¢1,5,k0,C0

= max 3m + 2e(0) + co + Z s (c1s + e (T1s) + Asky s — das) subject to
dl,s S (q1,s - /7) k(] [Wsulcf)c}
ho<0 [runse]

ng + Z 7T5d175 — k‘o —co >0 [)\OCP’C}

Cl,s + q1,skl,s + dl,s S (Al,s + (]1,5 - 7) kO + Tl,s (7_1,5) + d2,s |:7Ts)\CPC]
co >0 [zOCP’C} ; c1s >0 [71'52105 C]
ko >0 [ng’c} i ki1s>0 |:7T$I€105 C]

cP,C
Ti,s > 0 [Wswl s ]

where the CP takes into account the budget constraint of the bail-out authority which determines
Ty 5 (71,5) , the market clearing conditions and the first order conditions of the non-bank agents which

determine ¢ 5. The first order conditions are given by

o 142CPCZ\CPCL o1y 1050 _ )\CPC
dyy Mgfc _ )\CPC 1. dls : Mffc ACPC _ )\CPC
kis @ As+ Mff’cgzl ko + A2 <§Zi (ko — k1s) — ) +ryC =0
ko oo ) m, (Mlcfc ((ql,s —7) + %q];’s ko) + AL <88qu5 (Ko — k1s) + (Ars + qus — 7))) +rg O =20
- 0 0
s ¢ € (Ts) + Agf’CT{ (T1s) + wffc 0

The proof that kg > 0 and HCPC

small banks. One can solve out for

= 0 is similar to the proof in the decentralized equilibrium with

AQ —|—/€CPC+[I,CPC&115]{J
CPC 8kl s
)\ - _8q1,sk_k 2A2>1
Ts = grps (Ko = kis)

)\CP,C CPC
1,s

Since >1,¢s=0and z > 0. In order for the period one budget constraint to hold,
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kis >0 and /ilc’sp’c = 0. Finally since uif’c >0, then A\;7¢ > )\lc’f’c >1and ¢g = 0 and 257 > 0.
2 holds as well. Similarly to the case where the CP cannot commit, one can prove that the cases
)\ff’c = \SPC for s € {g,b} and )\f?c > )\ibP,C = AS"C cannot be equilibria. One can derive the
same expression for the optimal tax as in equation (15) in the text with the only exception that S\IB
is replaced by /\fP’C. There are only two types of equilibria left, which are exactly the same as in the
case where the CP cannot commit. This finishes the proof that there is no time inconsistency with

respect to the CP’s problem.

6.A.8 Proof of Lemma 4

First, I prove that k{bc P < k{; After that, I show that kS < k. Define the following functions

VO (k) = AF =26 =gl -0, (49)
(G (k{b> = Aip— o= — (50)
1+2y—A DA, +1
O = ﬂbfyn o ; Qg = AT 175; (51)
L+ 2y 14 22y

If the equilibrium is of typel for both the CP and the banker from the decentralized equilibrium
with no ex-ante regulation, then k{; and k{bc P are determined by the system of equations 1) (k{; ) =
0 and ¢F (k{bc F ) = 0. Given the assumptions made and Lemma 11, it follows that )\ff ! (k{b> >0
and A}, (l{:{b) > 0, which imply )’ (k’{b> > 0 and ¢’ (/{{b> > 0. From inequality (21) in the text,
which implies /\16:5 (k{b> > Ay <k{b>, it follows that 1" <k:{b> > <k{b> which finishes the proof

that k:{bc P < k{; . Next, I prove that the larger the equilibrium fire sale is, the larger the period zero

investment is 6%0 > 0, which implies that kST < k.
1,b
Ok Tll,b <k{b> + (F/ (k{b> + P <k{b> k{b) 77f
ak{,b <1 + ﬂ'lb — Al,b)

and the inequalities follow from Lemma 11. If the equilibrium is of type 2 for the banker in the

>0 (52)

decentralized equilibrium, then there is overinvestment since the type 2 equilibrium implies investing

to the maximum in ¢ = 0 while the CP’s equilibrium is interior.[]

6.A.9 Proof of Lemma 5

Consider the case 11 s > 0. For a given T7 g, I totally differentiate equation, (7):
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(1—71,5(T1,s))a

J >m’ which determines 7 ¢ as a function of Ty 4. Given that

Tl,s = XTi,s (Tl,s) a (
a < 1 and from Lemma 3

Ot (wiTrs) a Ts(l—a)(l—my)

= >0
Ow l—a w(l—a—T7y,)
ons (1)  (I—a)(1—7,) 7
S VA 78 — <0
ox (1—a—7s) X
a7_1,5 (aa Tl,s) _ _Tl,s (1 - 7_1,3) < 0
Oa a (1—a—my)

The comparative statics above imply that, for a given size of the bail-out, the optimal labor tax

is lower the higher the fiscal capacity of a country is.
¢(ns) _ (-a)(1-71,,)

For a given Tj 4, one can differentiate M Crp, =

_Tll,s(TLS) X(l_&_Tl,s)

OMCrp, (w;Ths)  Omis(w;Thy) (1-—a)a -0

Ow Ow X(1—a-— 71,5)2
(’9MCT1 (X, les) . (1 — Oé) (1 — T175> 87’175 (X, Tl,s) (1 — Oé) [0

= - + 5 <0

2% X2 (1—a—r1) ox x(1—a—m1)
OMCr, (a; T ) B 071 (a; 11 ) (1—a)a <0

da da X(l_a—ﬁ,s>2 .

This completes the proof that larger fiscal capacity implies lower M Cy, for a given T ;. [

6.A.10 Proof of Lemma 6

First I prove that larger fiscal capacity implies larger T} 5 for a given /{:{75. From equations (7), (1),
(18) and Lemma 3:
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Tl,s

where K

and j\fs

8T1,s <CL, ]i]lfys)

oa
Ty s (X% k{5>

For a given k{b,

82T17b
8m8k{’b

e ABo—1
[%] ax, Tis <X7 k{s) = XAL
w X
Ay
CARTACALD

oK ' 0T s (w;k{ys> oK

\CP __
)\18 -

— >0 <0
da et Ow X Ow
37'1,3 <X;k{s> (1—a—T )
S N § ISR § =t S L2 ¢ 54
ox (1=n.) (1—a) (54)
(k) st
0 where 5 = : 5 > 0.

o l—a-— 0K
=Ty (k?{b) (1— 7)== (M) — for x € {a,w}.

ox

11—«

From the proof of Lemma 3 part (i), 1 —a — 7, > 0, and also from equation (36), T{,b (l{:{b) > 0.

Therefore

Oy o' 8_K >0
8aak{7b da
0*Tyy, 0K

— o — <0
Owdk], dw

One can re-write equation (54) further as

oT « o K
81713 — - - + ]_ Tl,b (1 — Tl,b) l-a —
X (X)\l,s - 1) (X>\1,s - (1 - Oé)) X
< \B
Since if the bail-out is positive then xAf, > 1 > (1 — ) and from the proof of Lemma 3, z:}vb > 0,
1,b

it follows that
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Ty, _aXf,,Ka (1—a)(1—7,)Ts (

)
< .
b

oxokl,  Okl, (x& (1-a ) \B
: ; seprr (1.f Omiy  __yCoPr [ 1.f o AP +(1—a) L
Finally, since Aj <k11b> > 0, then oxok, Al (kl,b> 1_@(?&10,?_1)2)(5\101;7(17&) < 0, which is
11—

the comparative static discussed in the main text.[]

6.A.11 Overinvestment and Overborrowing and Fiscal Capacity: Small Banks’ Case

Lemma 12 The equilibrium fire sales in the decentralized allocation with small bank and no ex-ante
requlation, k:{’b does not depend on the fiscal capacity of the country; ak{b =0 for x € {a,w,x}. In
contrast, larger ﬁscal capaczty implies optimally higher period zero mvestment chosen by the small
banker: 0 2 >0, &f <0, a;? > 0.

Proof of Lemma 12 : The fact that k:{; is not a function of the fiscal capacity of the country
follows directly from equations (17). The comparative statics of kj coincide with the comparative
statics of 11 (k{b> with respect to the fiscal capacity parameters (see equation (40)). From Lemma
6, larger fiscal capacity implies a larger optimal bail-out and, therefore, a larger kj, which finishes
the proof. [J

Lemma 13 links the degree of overinvestment and overborrowing against the bad state of nature,
measured as ki — k§T and di, —dj bP , respectively, to the fiscal capacity of a country. I consider the
case where the banker’s and the Central Planner’s equilibria are both interior.

Lemma 13 Larger fiscal capacity due to a more productive labor intensive sector or lower dis-utility
of labor (i.e. larger tax base) implies that the banker will overinvest by more relative to the Central

(ks —kGT) (ks —kGT) .

Planner; ———= > 0 and ——5— < 0. However, larger fiscal capacity due to the government

—6<k38_kgp) < 0.
X

The exact same comparative statics hold with respect to the degree of overborrowing against the bad

being less corrupt or more efficient at collecting taxes implies lower overinvestment;

state of nature.
Proof of Lemma 13

Equation (40) determines ko and

o T (R) = () (7 (k) W5 — (K™Y K™Y
ks - ko == )
(1 + % — ALb)

f,CP
kl,b

where T} <k:{b) is given by equation (53). Since k{;‘ and are determined by equations (17) and

(20) respectively, they are not a function of the fiscal capacity parameters. Therefore, since Ay < 7,
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* o
okt — kSP 0 <T17b (k{b> —Tp (k{b P))
x
Ox ox
The comparative statics of the overinvestment with respect to fiscal capacity are driven entirely

for x € {a, x,w}.

by how much the bail-out increases as the fiscal capacity increases in the decentralized equilibrium

relative to the Central Planner’s equilibrium. Since kj, > k{[’, the result follows directly from the

2T

. . . o )
comparative statics of the cross partial derivatives, o(kT, )or
1,6)9%

for x € {a,w, x}, presented in Lemma 6.

3 (kg — k§'")
Oa

0 (kg — k§'™)
Oow

3 (k; — k§'")
X

> 0
< 0

< 0.

In both the Central Planner’s and the banker’s allocation, d;;, = (1 + Z—iv) ko — Z—g Therefore,

the same comparative statics apply with respect to dj , — dff .4

6.A.12 Proof of Proposition 2

Lemma 4 proves that k§T < kj. For a given ko, the rest of the endogenous variables in the de-
centralized equilibrium with no commitment and no ex-ante regulation and the constrained Central
Planner’s allocation coincide. The variable k;  is determined by the same period one budget con-
straint and ¢y = ¢;s = 0 in both problems. In ¢ = 0, both the constrained Central Planner and the
banker always borrow to the maximum against the good state and only then they borrow against the
bad state, and there is no borrowing or lending in t = 1. Finally, the period one taxes and transfers
chosen are the same in both problems for a given kq. As a result, the constrained Central Planner’s
allocation can be decentralized with a single instrument that controls the banker’s choice of k.

“Quantity” Regulatory Instrument

First, I consider the minimum bank capital requirement. At the beginning of period t = 0, the
policy maker chooses p’. At the end of period zero, banker i chooses his optimal allocation subject
to the constraint kf < ’pb—?, where the Lagrange multiplier on the constraint is Nj¢. The first order

condition of the banker with respect to &, subject to the regulatory constraint, becomes

N (1+6) =3 e (N, (Avs — 7 + aus) + by (a1 — 7)) - (55)

s

The rest of the first order conditions are the same as in section 3.1.1. Since k§'7 < kg, then Aj¢? > 0,

and the constrained Central Planner’s allocation will be replicated if p* = p* = e
0
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"Price” Regulatory Instrument

Instead of using a minimum bank capital requirement, the policy maker can replicate the Central
Planner’s allocation with a tax instrument. The optimization problem of the banker is the same,
with the only difference being that the period-zero budget constraint becomes k) (1 + Téﬂ Z) —ng <
> p1,sd§,s + Ty, where TF = kor. 1 assume that the lump sum rebates from capital taxation, T{F, are
non-targeted and that Tok " is optimally chosen by the policy maker at the beginning of ¢t = 0 before

the banker chooses his allocation. The first order condition with respect to k) becomes

Ny (1 757) = D0 (M (Avs =7+ 1) + p (@16 = 7)) (56)
Since the equilibrium is symmetric and using the fact that A\g = A1, equation (56) can be re-written
as
p_ Ao
To — )\ 5 (WgAl g + 7Tb) + T (Al b — 1) 8 (57)
1

In order to calculate the optimal 7§, equation (57) is combined with the equivalent ﬁrst order condition
from the Central Planner’s problem, equation (18), which can be re-written as 0 = )\C 5 (Mg Ay, + )+
7 (A1 — 1) —~. Combining the last two equations gives the formula for the optlmal tax rate. Finally,
from equations (55) and (56), one can prove that the optimal tax on capital is equal to the scaled
Lagrange multiplier on the minimum bank capital requirement constraint, where the latter is the
shadow price of the “quantity” constraint, £ (p*) = 7'0 . A similar point regarding the link between

“price” and “quantity” instruments has been made by Stein and Kashyap (2012).0]

Appendix 6.B Appendix: Large Banks

In this section of the Appendix, I solve the problem with N banks. I solve sequentially the banker’s
problem and the problem of the bail-out authority with no commitment as each agent takes into ac-
count future best response functions. At the end of period one, banker ¢ maximizes maxg i as Agki’s—l—

¢} o — djy,, subject to

IN

Ci,s + QLSkll',s + di,s (ALS + di,s — 7) k.(l) + Tli,s + dg,s |:5\ll’,zsj|

Ci,s Z 0 [Zl s] ’ dzZs S 0 |:,LL2 s} ’ kis >0 |:l€llzsi| .
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The first order conditions imply

Sl ’%i,s + Ay i 1
Mo = — Qs (g — ) =1 =,
41,s 8k§,s 0 1,5
aQI,s _3611,5 _ —F" (k{,s> m‘LN if q1,s <1
k1, Oky 0if qr,s = 1

Y

where k{ , = max {nfLN S (k= kL) ,O} = max {nif (ko — k1.6) ,O} . Given the Assumptions made

and from Lemma 1, Ay > 1> ¢ 5 — gl‘i# (ko — k1s) = F' (/{:{S> ++F” (k:{s> ki .. Therefore, AV, > 1
. . I’S ’ ’ ’ . ’

and ¢} ; = d; , = 0. In order for the budget constraint to be satisfied, it has to be the case that k7 , > 0.

In the beginning of ¢ = 1, the bail-out authority maximizes S :_ (cis —wlf  (115) + SV %CQS),

where the Lagrangian is given by
 max 2m + e (715) +dis +e(0) +
{kﬂiys’Tf,s}izlle,s

N
1 ; {1,Bi i i i i i
Z N (AQki,s + )‘11757 ((Al - 7) kO + Tl,s - dl,s —q1,s (kl,s - kO)))
=1

B (1 - Tt) aa o al L, ~l,B
T | XT1sa T - Z NTLS T W s Tl,s
i=1

and I have substituted for the optimal labor decision given by equation (1). The Lagrange multi-

. . . 1,B ~ I,B
pliers on the government budget constraint and the non-zero tax rate constraint are iy, and @y,

respectively. The first order conditions are

o W (l—a—r7 )
¢ (1) > By (] — e 1 [%]1 ( 1,5 58
€ (7—17 ) = Ll,sX( 71, ) a w (1 _ Oé) ( )
{1,B,i 1,B
/\1,3 - Ll,s
N aq
{1,B,i 31,B,j 1,5 j i
Ap=Nlas = Y Ao (KL= k). (59)
j=1 1,s

4B _ {LBi _ LB qi . AB _ (LB _ LB : :
77 = X7 = A7" Since iy, = A" = A, the marginal value of wealth in the hands of each banker

from the perspective of the bail-out authority is equated. Equation (59) can be re-written as

Ay

;\l,B o
1,s — )
I CARTICALR

(60)
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where j\llf (/{{J = j\fs (k{s> = 5\?5 (k{s> . Substituting 5\11]5’ = Za’g and €' (15) = —a (lis)a into
equation (58) and using a proof similar to the proof of Lemma 3 one can show that 7 4 is given by
equation (15).

The marginal value of wealth in the hands of the banker, as perceived by the bail-out authority,
is given by equation (60). It is the same for all bankers and a function only of the aggregate fire
sale, which implies that the policy maker is indifferent how to distribute the bail-out across bankers
during the crisis. To solve the model, I assume symmetric equilibrium, where each banker receives the

same amount of bail-out T} ; = Tfs. At the end of t = 0, banker ¢ solves the following optimization

problem
max cé + Z FsAgkis
a5

(@15 =7 ky = dy, [mulffs]

no—i-ZWs i,s—ké—cg > 0 _)\é’i]

s -

(Ars =7+ qus) ké + le,s - QLSk{,s - d{,s > 0 7Ts)‘l17,is’j]

g = 0 zéz]

Kio> 0 _/{f;i}

Li,j

where Ay is the marginal benefit of banker i from relaxing the budget constraint of banker j in
t=1and )\ll’fs = /\llzsZ Banker 7 internalizes the period one budget constraints of the other bankers
as they determine their period one investment and capture future best response functions. These
budget constraints were ignored in the case of small banks since the only channel through which
banker i could impact them is via his effect on the optimal fire sale, which affects the bail-out and
the price of capital. However, small bankers take aggregate variables as given. The problem is also

subject to the ex-ante regulatory constraints

i No Ligli
ky < r [/\0 ¢ }
Zl,b S L [ﬂ_bspl,z] )

The first order conditions with respect to diLS and ¢, are given by

i i 1
My = Ag — Al
1 i A\Li 1
Pyt = Ag — AL,
Li  \Li
l+z5 = A



The first order condition with respect to kf  is

aQI s al AL o,  Oqs ; Lii
A _'_ l7, Zs] ) + ) k] _ k] s — )\ ,Zél o
T " Ok, ; 1 fﬂf ok{, Ok, (o = k1) Ls

The first order condition with respect to k{,w where j # i, is

dq al oy, g .

li 15 s lzk 1,8 1,s k k lyi,j
E: + KE— k) ) = Mg

Hi,e 8k{88k ,S (81{:1,8 61{:{75 ( 0 1’) Le @1

k=

The first order condition with respect to kj is

MGy, = M (1+€Y) =

l,i l Js aTj,s 0 ,S j j akf,s

Li )‘Ls (A1s =7+ 1) + ZJ 1 A ] (EWI‘ + 813} (k% B kis)) 326 !
K, . + Z Tg = MB )

0 i 0q1,s ko

s +M1,s qi,s — 7 + ka Bk’ kO

here if th fire sal Okl _ f 4 %s _ 1 Simplifying the fi
where if there is a fire sale in ¢ = 1, o an or every j an o = yin- Simplifying the first
order conditions with respect to k and k] s> one can show that

)\l NN >\l K 2 if i . 1
1,s 1,s 117 7& t (6 )

1,s
Assume a symmetric equilibrium. If there is no fire sale in state s in t = 1, )\ll’fs = A, = Ay, while if

there is a fire sale in state s in t = 1,

1 [ 1 0T n (1.f f
Li . A2 N ("7f ak{s + F <k1,s> kl,s) 1 7r 17 F// <k{75>
Mg=As=——~ |1~ -~ : (62)
P (k,) ACH N (k{)
where Z (k;{s> is given by equation (27) in the text. Notice that as N — oo )‘115 = ﬁz}) and
1,s

)\llls’] = 0 if j # 4 as in the small banks’ case. The first order condition with respect to kj, assuming

symmetric equilibrium, can be re-written as

W (1+E) =r+ 3 om, (M (s =)+ A+ i (F (L) =) (63)

Finally, it could be the case that )\1 I is negative or positive if j # i — i.e. banker i can perceive

an extra dollar of wealth in the hands of banker j to increase or decrease his own welfare. From
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equations (61) and (62), if there is a fire sale and if z} , =0,

1 1 9715 f f
A, N (_n_f 8k% — (k17s> kl,s)

F (k) z (l.)

Then the marginal value of relaxing banker’s j period one budget constraint from the perspective of

)\177’7] —

banker i, Ay is positive if —F” <k:{ S) k- n%g:} > 0, negative if the reverse is true and zero if
: : : T,
this term is equal to zero or if N — oo. If —F” (k‘{s> k{,s - nifgz%’s

to relax hers and the other bankers’ budget constraints in ¢ = 1 to prop up the price of capital. If

> 0, then banker ¢ would like

—F" (k{s> k{s - nifg@ < 0, banker ¢ would like to tighten the period one budget constraints of the

other bankers in order to maximize the fire sale and, hence, the bail-out received.

6.B.1 Proof of Proposition 4

One can easily show that Lemma 2 holds in the case of large banks, implying that there is no fire
sale in the good state and there will be a fire sale in the bad state if the equilibrium is not the corner

one. Also, similarly to the small banks’ case, one can prove that x}, = 0 and ky > 0. Define

| F (k)
M (k{) — F (k{) —1+ 4 [1- =% (64)
Z (kl)
1 0Ty s " f f
nf f 1,s 1,s
_ F’(kls) _1+i n! ok

N z (k{)

Lemma 14 Conditional on the following assumption

Next, I prove the following Lemma.

Assumption 6 Assume that the following inequalities, which assure that the bail-out increases with
respect to the fire sale but at a decreasing rate, are satisfied
1
Z (kf > > =
1,s N
. . 2
)\l B <k{s> <X)\l1’f —(1- a)> < 2y ()\llfl (k’{s>> for every k{ (/{:1 " ,kf’max], where
(38 (L) + P (KL) RL) A2 (kL)
) v <2F” k! ) ol <k ) k! ) 2ALP <k{ )
)\ll,B// (k{3> — . 7 ’ 5

ACARTACArD

9
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then M (k{s> has a single discontinuity at k{,s = kf’sf, where lejsf is defined by equation (65) below,
and M (kz{s> is a continuos function on the intervals (0, k:f’sf) and (k:f;f, k{;nax] Also M’ (k{s> <0,
, | ,max 82T .8 , ,max 82T, s
Z' <k{s> < 0 on (O,k'lTsf) and (k:fsf,k:{,s ] and a(k{Z)Q < 0 on (kfsf,k{’s ] and a(k{IS)Q =0 on
- : :
(07 kl,sf)'

Proof of Lemma 14: If Ayx < 1 then for some k{}s > 0 it will be the case that 7, ; = 0. There

is a threshold fire sale, ki’sf , above which there is a positive bail-out and it is pinned down by

Ao 1

RGO -

\[,B T.f
/\1,5 (kl,s

The variable F’ (ki’sf ) + 7 (k;lT,’sf ) ki’sf is monotone and strictly decreasing with respect to k;f’sf
and if k:f;f — o0 the expression goes to minus infinity and if kf’sf = 0 it is equal to one. This is

sufficient to guarantee the existence and uniqueness of le;Sf , given that Asx < 1. Since

1 (1 e
lim T, (k;{) - <2F” (kf;f ) o (k{;f ) K ) A—Q( ), (%)1 >0 (66)

f T, f+
ki o=k « w

1,
: / f —
k{sli%’sf* b <k:175> -
then limk{}sﬁkiﬂ 17 (k{s) > hmk{’sﬁk{,sf— 17 (k{s) . The function M (k:{s> has a single disconti-
nuity on the interval k:{’s € [0,00) at kf’sf and if Aox = 1 it is continuous on the whole interval as
lej = 0 (i.e. there will be a bail-out for any level of the fire sale greater than zero).
Given that I assume that F'(-) is a continuous function, this ensures that M (k{s> and Z (l{:fs> are

continuous function on the intervals (0, le,;f ) and (k’lT,;f ePme,

1 1 F (k)
(i) = P (0 [1- ) b () e
v2()) N )
1 0T
Zl <k{’s> — 2F// (k{}s) + F/// <k{75> klf’s _'_ _fa—l’sz
"o (k)
Given the assumptions made, (1 - W) >0, F” (k{s) < 0and 2F” <k{s) o <k1fs) k’{,s <

0 . Therefore, in order to prove that M’ (k{,s> < 0, it is sufficient to prove that the bail-out increases
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92T
Le < 0, where

o(k{,)

as the fire sale increases at a decreasing rate,

2
2(1—a)—71,s
82T1 ) Tl,s |:<1 — 0 — Tl,s) T{/,s <k{,s) - Oé_(l(—a)(i—‘ri_:s) (T{,s (k{,s>) :|

o (k.) - 1. (1= 71) (1)

2
0°T1,s

a(k!,)”

9?Ty s

a(kl,)’

< 0.

< 01in order for

From Lemma 11, 77 (k:{s> > 0 and it is sufficient to prove that

If 71,5 > 0, conditional on assumption 6 being satisfied, then

or,  (N2(KL) 2 ()
o (k) \MI (k) Al-(-a)

(k) <o

1,8

which also implies 2’ (k’{s> < 0 and M’ (k:{s> < 0 on (0, k;f’sf) and (kT,f k{},;naX]D

One can further re-write the first order condition with respect to & as

s )\l A s s + A
)\ZO — ZS ™ |: 178 ( 1, QL ) 2:| — (67)
1 - Zs Ts (QLS - fY)

Ag (mg (Arg— 1)+ 1) + 7Tb/\ll,b (Al,b - (k{,b>>

b (1 — F (/{;{O) +

(68)

where A{ , = A and

A, = : ’ (69)

Notice that as N — oo, X ; = A1 and A = Ag, which combined with the fact that the rest of the
system of equations is the same in the case of small and large banks, it implies that, in the limiting
case, the two problems coincide.

Consider all four types of equilibria. First, consider the case Nl1,s = 0, which implies )‘ll,b = )\ll’g =
Ab. The fact that A}, = | , implies M (k{b) = 0 and from equation (67), it follows that EyA; s = 7.
However, from assumption 1, EyA; s > 1 > 7. Therefore, such an equilibrium does not exist. Next
consider the case pf, = 0,7, > 0 which implies A} , = Xj > X} ;. From the first order conditions,
it follows that

Ao (7 — mpF’ (k:{b) — 7ng41,g>
(AL,, o (k{,b» m,
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Since Ayp — F' (k{b> < 0, this inequality implies v > EyA; 5, which violates assumption 1 and this
case is not an equilibrium either. There are only two types of plausible equilibria.
Type 1 Equilibrium: ,ung > 0, ,ullyb = 0. This equilibrium implies /\é,b =\ > )\ll,g' Combining

the first order conditions

M A, 1—M A=A,

b =

o (kL)
G F (k)

where equation (70) determines the equilibrium fire sale. Assumption 1 implies that v < G < 1.

(70)

Therefore,

M (k{b) — P (kfb) % <0

where M (k:{b> is given by equation (64). From equation (67), it follows that A} > 1 since the
numerator is greater than one and the denominator is positive and less then one (The first statement
follows from Ay ) msA;s > 1 which implies ), 775)\1175 (A1s—qrs) > D msAs(A1s—1) > 0 >
— (A2 — 1) while the second one follows from ) 7, (g1,s — ) > 0). Therefore, ¢y = 0. The rest of
the endogenous quantity variables, d; s, k1 s and Ky, are given by the same set of equations as in the
type 1 equilibrium when banks are small.

Type 2 equilibrium: ,ulLS > 0. The type 2 equilibrium is the same as in the case when banks
are small as it is the corner equilibrium.

Another assumption is necessary in order to prove existence and uniqueness.
Assumption 7 The following inequalities have to be satisfied to prove existence and uniqueness of
the large banks’ equilibrium and for the equilibrium to be such that there is a positive bail-out in the
bad state

1 1 (k)
; =l (1.f _ T.f '
Z kl,b
1 1 1 1
; =l (1.f _ T.f
Mmk{,bﬁkf’bf_“ (kl,b> = F (kLb ) (5 — NTX) + N —1> O, (72)

where = <k{b> =M (k{b> —F (k{b) %
Existence and Uniqueness:

It is sufficient to solve for k{,b in order to solve the whole model. Consider the interior equilibrium
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where k{’b is determined by equation (70). Define = (k{b> =M (k{b) —F’ <k{b) . From Lemma

14 and the assumptions made

1
U (k{b> =M (k{b> — (k{b) ‘- < 0if k p >0

G
From assumption 7, it follows that lzmkf Tf+._4 ( ) > 0 and limkf kTS (k:{b) > 0. If
1,b

= (k{;)n ax) < 0, then there will be an unique solution to = (k{b> = 0 and the equilibrium will be of

T.f k{,maX]

type 1. Also the equilibrium fire sale will be in the range (k; , which implies that there will

kf,max

be a positive bail-out. If = ( b ) > 0, the equilibrium will be of type 2. Therefore, a sufficient

and necessary condition for the equilibrium to be of type 1 is given by

M (k=) = F (k) G; Lo (73)

Finally, T derive the sufficient but not necessary conditions on m which guarantee that the con-
sumer’s consumption is always strictly positive in the decentralized equilibrium with no ex-ante

regulation and large banks.
N NS Sy
T (k™ ) +F (K )Ry nf + 50

Assumption 8 If m > 0 is such that ((m, + my7y) + 75 (1 — 7)) —ngy <

1 (63
—T Filox a 1-a . . .
m, where Ty, (k{é*) = XT1p (k{ff) a ((w) ) and 11, is given by equation (15),

where A1y is replaced by Alb, and k{é* is given by equation (70), then it will be always the case

that the consumer has strictly positive consumption in t = 0 in the decentmlized equilibrium with
| o, \ T (K47 o (A b 28

no ex-ante requlation and large banks. If — (1 + ﬁ—Z*y) (+ - ) T4 m; < m and

e )

le(kfl*)+F/(kfl*)kfl* f+:-0
—(1—=7) ( " ) b < m, then also the consumer’s consumption int = 1 is strictly
*b* 1,b

positive.[]

The derivations and the intuition are equivalent to the ones under assumption 3.

6.B.2 Proof of Lemma 8

This Lemma states that if S (k{ff) < 0, then kf’l’* (N <o0) > klb, Qup (/{{é* (N < oo)> <
Q1 <k‘{;>, kb (N < 00) > kg, and dll";) (N<oo) >di, If S (k:{ll, ) > 0, the opposite is true.

The proof regarding the relative size of the fire sale and the price of capital follows directly from
equation (25) by comparing the N — oo case (the small banks’ case) to the N < oo case. The proof

regarding comparing the size of the period zero investment is based on the fact that both £j and

k:é’* are determined by equation (40). From inequality (52), the derivative ai’j? is positive, which

1,b
proves that the larger the fire sale is, the larger the period zero investment is. Hence, the comparison
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between k5™ (N < oo) and k; mimics the one between kJ"* (N < co) and k{”*. Finally, since dy , and
dllz are directly proportional to k% and k5* (both are determined by equation (41)), the comparison

between dlfz (N < 00) and dj, mimics the one between k¢* (N < oo) and k.0

6.B.3 Proof of Lemma 9

I prove that k:{bc F< /{;{é* and the proof that if k"C" < k[1* then k§¥ < k", is exactly the same as
in Lemma 4. First, I prove that if the equilibrium is of type 1, then )‘lf,b (k{b> > 0, where )\lLb (k{b>

is given by equation (62) and can be re-written as

1 A, 1
Ay <k5{ b) =% + (
FICARICAISE
From Lemma 14 and the assumptions made, F” (k > < 0and 7 (k; b) < 0, which imply
1 A 1b A2
)‘lll,b <k{b> =-Z (k{b> N : 2 1= )
(2 (k) (P k;{ )

Next I prove that )xlcf: (k‘{b> — >\lLb (k‘{b> >0

ACAE AR (1 sl ) 4 () Lo, (1)
AT — (=) Fr (k) M, F(kl,)Z ()

where the inequality follows from the assumptions made and from Lemma 11. The rest of the proof is
similar to the proof of Lemma 4. Consider the function 1% (k;{b) defined by equation (49). Define

wl <k{b) = >‘l1,b - /\6 = Ql/\ll,b —
A, (k;{b> > 0 implies ¢” (k{b> > 0 and in the Proof of Lemma 4, I proved that ¢’ <k{b> > 0.

Therefore, proving that ¢" (k{b) > ! <k{ b) is sufficient to prove that kf oP - k{ ll)*, which follows
directly from X{" > A ,. O

6.B.4 Overinvestment and Overborrowing and Fiscal Capacity: Large Banks’ Case

Lemma 15 Consider the case where N < oo. Larger fiscal capacity due to a more productive labor

intensive sector or lower dis-utility of labor (i.e. larger tazx base) leads to a larger equilibrium fire
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fily* Filyx 1,% 1%
: : okl okl
sale and period zero investment; 5; > 0, 5; < 0,5 > 0 and 52 < 0. However, larger

fiscal capacity due to the government being less corrupt or more efficient at collecting taxes implies
Ky Ok
B o

lower fire sale, < 0, while the effect on the period zero investment, , depends on parameter
assumptions.
Proof of Lemma 15:

The equilibrium fire sale in the type 1 equilibrium k{é* is determined by the following equation:

F (k;”’*) = |1+ M G=[1+2 r <k{’b> “ e
W=\ )

I AR AL RE R CARE
Totally differentiating the equation above with respect to « € {a,w, x} implies

R
Flx 1 82T17b(x7k1,b_kl,b )
Ok N7 k] 0z

- * * F kf’l’* * * * * ’
P (o wz (W) 2 (M) e - (2 (W) e (k) W (7))
(75)

02Ty (ki ,=k{™)
ok 0z
Assumption 6 in the Appendix, which ensures that the large banks’ problem is well behaved,

implies 77, (k:{é*) < 0. Also from assumption 2, 2F" (k‘{é*> + F” (k{é") k{,l)* < 0. Next I prove

where is the cross partial derivative for a given k:{ »» evaluated at k{ b= k:{ é*

that 1 — %Z (k{,l)*> < 0. Since the equilibrium is of type 1, then

/ filx
F (kl»b > Fl) _ G Filx
Z\ kb < Zkyy
V(i) 2 (i) ST
1b 1,b
F (k{

), F (k)
= <1
N (s () vz (k) N () + 0= 2 B () b+ (- ) 3y, (k1))

Therefore, the denominator in equation (75) is positive and it will be the case that

which follows from

okftr Tuy (wikf, = k{}")
— X .
Ox Ok ,0x

ak{;év*a(iv@o) 0, ak{;lﬁ;(:koo) 0. ak{;g;(N@o)
X
of the proof. Next, I derive the comparative statics of period zero investment with respect to fiscal

From Lemma 6, < 0, which completes the first part
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capacity using equation (40)

okl oTyy(wik])”)
f filx 1,b 1,6\ L3Ry
okl n'Z (kl,b 9o T oz

for x € {a,w, x} .

Oz (1 + Wlb — A1,b>
. 81@{’2’* 6T17b(x;k{’é‘*)

From the results above and Lemma 6, if v € {a,w}, then —— and 5. have the same

L,x

sign, which implies that the derivative 81(;; can be signed as follows
oky"* - oky"* —0
da T Ow '
Ty (wski ™) Ok{ ™ (N<o0) . okL™ . L )

If x =y, — o > 0 and — oy < 0 and whether the sign of 5y~ 1s positive or negative

will depend on their relative size.

Unlike the small banks’ case, the comparative static of ké’* with respect to fiscal capacity is
determined not only by how the optimal bail-out varies with respect to fiscal capacity, but also by
how the equilibrium fire sale varies with respect to fiscal capacity. The direction of the two effects
coincides when fiscal capacity is defined as the size of the tax base. However, the direction of the
effects differ when the fiscal capacity is proxlied with the degree of government efficiency, which is

g

why one cannot clearly sign the derivative Ok
Lemma 16 Consider the case where N < oo. Larger fiscal capacity due to a more productive labor

Ox

intensive sector or lower dis-utility of labor (i.e. larger tax base) implies that the banker will overinvest
(kg —kGT) (kg —kGT)

However, larger fiscal capacity due to the government being less corrupt or more efficient at collecting

o . a(kh kST : . .
taxes implies lower overinvestment; (Oa—xo) < 0. The exact same comparative statics hold with

by more relative to the Central Planner when banks are large;

respect to the degree of overborrowing against the bad state of nature.
Proof of Lemma 16: Consider the case where N < co. From equation (40) and since k’{bc Pis

not a function of the fiscal capacity, it follows that for x € {a,w, x}

ox ox ox
Oz (1 + - Al,b)

Filx R .J,.CP
o (/{:l’* . kC’P) an <kf,l,*) k1 + 8T17b<9”’k1,b ) _ 8T17b(x7k1,b )
0 0 1,b

02Ty Ok} o
(KT, )oa > 0, —52= > 0, it directly follows that

82T, 4 okl (kg™ —k§T)
s 5 h n
ALY < 0, 55— <0, the e

Since k" > kCF from Lemmas 6 and 15

o(ky*—kSF)
da

(kb —kSP . .. . : .
(Oa—xo) < 0. Since dy, is directly proportional to ko, the same comparative statics apply. [J

02Ty 8k{ll7*
< 0, 54— <0
(k] ,)ox Tox ’

> (. Since < 0. Since

then
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6.B.5 Lemma 17

The following Proposition makes the point that, unlike the case where banks are infinitesimally small,
a minimum bank capital requirement might not be sufficient to replicate the CP’s allocation when
banks are large.

Lemma 17 Imposing an erogenous minimum bank capital ratio such that p > ”O* and considering

a symmetric equilibrium, the decentralized equzlzbmum can be one of the followmg four types:
Type 1) My (K, (0)) = My (K, () > AL if K], () € (k] KE7™)

Type 2) Ny (Kl (0)) > N (KL, (0)) i K, () =
Type 3) X, (K] =\ (k] =\, if k], (p) =k
ype 3) 1,6 \F1p (p) o\ F1p (p) 1,9 if 1b () 1b
Type 4) Xy =N (K, (0)) > X, (KL, () i KL, (0) € [0,K)
where /;{b is given by M </~c{b> =0140< /%{b < k{énax

Proof of Lemma 17:

0
ment constraint is binding. Given the assumptions made

f f
¥ (o f 1 P <k1,b> kl,b
M (k) =F (k) -1+ &
NAF <k{b> + F” (k{b) k{,b

<O0ifkf, < ki

1 )2l (le,}af> kf’bf

limyg e M (K,) = F/ (k) =1+ < L <0
2
lim M (K ) - —<1—F’ )Y (1- 76
kfb—>kT S+ = 1,b N ( )
1 1
YF (le;bf) < 1=
AQX —|— llmkf _}kT f+ Tl b (k{b>

Since gkf > 0 then lzmkf T,bf+M (k‘{b> can be smaller or greater than zero depending on the
1,b

size of hmk kT 1, (kf ) , which is given by equation (66). If lz’mk{ Tf+M (kl b) < 0, since
M (k{b> < 0, for any klb < ki’bf and M (k:{b) is decreasing on [O,k’1 ) and (ki 7, k™) then
By = 0.1 limyy oM (K,) > 0 and M (B™) <0, then kf, is determined by M (kf,) =0
where k{, € (/{bf KL iy e M (kl b) > 0 and M (kf maX) > 0, then k{, = K/ and

the equilibrium is of type 2. Given that the minimum bank capital requirement constraint is binding,
it follows that kg = ”0 . There are four types of equilibria.
Type 1 Equlhbrlum. :“179 > 0 and /h,b =0 ()\lu; =\ > )\lljg) . The fire sale is determined by
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the budget constraint in the low state in t =1

5O (k) =T (k) + 7 () b/ + 20 =20 (14 2 -y, ). ()
Ty P Ty

More precisely, if the equilibrium is of type 1, the equilibrium fire sale, k{,l)* (p), is determined by

BC! (k{ll)* (,0)) = 0. The rest of the endogenous variables can be expressed as a function of the fire

sale as follows:

No no
kipy = e k{ybﬁﬂ kig= Al,g? + T,

hy0) = =) ()= |(1472) 2= 2]

In order for the equilibrium to be of type 1, the condition A}, (l{:{é* (p)) >N, (k{é* (p)) has to be
satisfied, which implies M (k{é* (p)) < 0 and that /{:{Il)* (p) € (l?;f,w /{:{gn *). For the equilibrium to

be of type 1 also the borrowing constraint in the low state has to be non-binding — i.e.,

halh)= Kl i 77:_27) % B wib no < (F' (k3" (0)) =) %

Re-writing this inequality, it implies that the total amount of period zero borrowing has to be less

than the maximum amount of borrowing possible

™ g < [ (B (K04 () =) + 70 (1= ] 22

Type 2 Equilibrium: g}, >0, (A, > X} ,) . If p is such that kg = kg™, the allocation is given by

(78)

the equations in the type 2 equilibrium of the problem of the small banks with no ex-ante regulation.
If this case is an equilibrium then k{é* (p) = k{;)n .

Type 3 Equilibrium: gt =0, (A =\, ,). k{é* (p) is pinned down by M (k{é* (p)) = 0, where
k{é* (p) = l;;{b The rest of the equations are

In order for the equilibrium to be of type 3, the borrowing constraints in ¢ = 0 against the good
and bad states should not be binding.
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UN)

" n
duo < (F (M3 (0) =7) 7 dhg < (=) 7

Type 4 Equilibrium: gt = 0,44, > 0 (A, =X > A,). k:{é* (p) is pinned down by the

budget constraint in £ = 1 in the low state given by

BO" (k) = (s = 7 () ) = ' () Kun” + T (K]s) (79)

where BC* (/{;{Il)* (,0)) = 0. The rest of the endogenous variables are determined by the following

system of equations

1
hy = 2 (2-1) =22 (p (i) -)
Tg \ P Tg P ’

n n
dip = (F/ <k{b> - 7) ?OS kip = ?0 - k‘{,bnf

n ng (1
(A1 —7+1+@(F’(k;{b)—7))—°+T1,g——°(——1>
9 T ’ P 0 P

g

R
S
&

Il

In order for the equilibrium to be of type 4, the following conditions also have to be satisfied
A (k{;};* (,0)> > AL, (k;{;g’* (p)> which implies that M (k;{;;’* (p)> > 0 and k4" (p) € (0, ). Fur-
thermore, it has to be the case that dy, < (1 —7) ﬂpl, where the latter inequality implies that the
inequality (78) has to be satisfied.

Finally, BCV (kf,) = 11, (], )+ (F (K,) + " (k{,) ¥{,) 0/ > 0and BO¥ (kL) = —F" (kf,) 22+
<F/ <k{b) + F" (k{b) kfb) n + 17, (k{b> > 0.

Assume that Aoy > G which guarantees that the CP’s equilibrium is such that there is a positive
optimal bail-out in the bad state which implies that k{bc P le’bf . Consider p = p* = &, then

) ) 0

k] kT 163 P o] T 1o\ Fip v ) kL (80)
i (HE) 4 R (M) KT < 0 o

which follows from the fact that 77 (kf’bf ) + F’ <ki};f ) k{’bf nf is an increasing function of k;ﬂf
and from k{:bcp > kﬂf. Also for every, k{b BC* (k;{ywp*) < BC! <k{7b;p*> since A;p < v and
F' (k{b) > ~. As a result, it is also the case that limkfb%kf,bﬂ BC* (]ng?})f; p*> < 0. Given the results

above and since BC* (k{b> and BC* <k{b> are uniformly increasing, the only relevant region that

needs to be considered is k{b € (le”bf M)

A2X> G. O

as the equilibrium allocation belongs to that region if
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6.B.6 Proof of Proposition 5

In Lemma 17 I showed that for any p, including p = ]%—OP, it could be the case that the equilibrium
is such that the banker might choose to borrow against the bad state before he has exhausted his
ability to borrow against the good state. Here I derive for what parametrization a minimum bank
capital requirement is sufficient to decentralize the allocation. This is equivalent to deriving the
parameter set for which the equilibrium is of type 1 (as defined in Lemma 17). Since k§* < kax if
the equilibrium is not of type 1, it can be only of types 3 or 4. If when p* = ]%—OP, the equilibrium, as
defined in Lemma 17, is of type 1, then there will be no need for a second regulatory instrument. It
will be the case that BC* (/{;{é* (p*)) =0 and M’ (/{;{é* (p*)) < 0. Note also that if the equilibrium
is of type 1, then k{é* (p*) = k{f P However, if it’s not of type 1 a second regulatory instrument will
be needed.

The structure of the proof is the following. I will prove that if assumption (9), defined below, is
not satisfied, then a single instrument controlling ex-ante investment will be needed to replicate the
CP’s allocation. If assumption (9) is satisfied, there is a threshold for each fiscal capacity variable,
given the other fiscal capacity variables, below or above which the equilibrium will not be of type 1
and, hence, a second instrument will be needed to decentralize the constrained CP’s allczca’gigg).

OBC! (w;kfE

First, I start by examining equation (77). One can prove that since p = k’;ﬁ, then ——5——+ =0

where x € {a,w, x}. It follows from

OBC! <$;k’{fbcp> T (k{l?P> OkST () <1+ Yy )
- — = Ay

ox ox ox I
a7, (;1:; k{fp) aT), (x; k{fP)
B Ox B Ox =0

This result is expected and simply reiterates the fact that the optimal fire sale in the constrained
CP’s problem, pinned down by equation (48), is not a function of the fiscal capacity.

Next I examine equation M (k{b> . At the end of Lemma 17, I proved that the relevant range
for the equilibrium will be k{b € (kigf, kI™] In Lemma 14, T proved that M’ (/{:{b> < 0 over that
region and in Lemma 17 I proved that the equilibrium will be of type 1, only if M (k:{,l)* (p*)) < 0. If
limk{b kT +M <k:{b) < 0, then no second ex-ante regulatory instrument is required. If the following
assumption is satisfied

Assumption 9 Assume the following

limys M (K,) >0 (82)
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where limk{,bﬁkf’bﬁM (k{b) is given by equation (76), then M (k{b> either crosses the zero line
always once or is always above the zero line in the range k{’b e (0, k{lﬁnax]

Next I derive the comparative statics of M (k{b> with respect to the fiscal capacity variables for
a given k{b and will prove that those are monotone. Therefore, the threshold above/below which the
equilibrium will be of type 1 will be determined by M <9Z; k{bc P) = (0 if assumption 9 is satisfied.

Consider the derivative of M with respect to the fiscal capacity variables for a given k;{ p- From

Lemma 6, which applies in the large banks’ case as well?®

oM (X; k{b) N O*T1y <0
Ox 9 (k{ﬁb) o

oM (wikl,) o, oM (M)  omiy >0,
Ow o <k;{b> ow Oa 0 (k{b> da

Combing all these results implies that there exist thresholds determined as M <k;{bc P a (w, X)) =0,

M (k{’bcp,d)(a,x)) =0, M (k{:bcp,f((a,w)> = 0 such that if a > a(w,x) or if w < @(a,x) or if

X < X (a,w) , then M (k{bc P) > 0 which would imply that the equilibrium will not be of type 1 and
a second instrument will be required.

The focus so far was on p’ but the analysis can also be done with respect to Téf " The first order
condition with respect to &}, if a tax on investment was used instead of a minimum bank capital
requirement, is equivalent to equation (63), with the only difference that T(]f " enters in the place of
€44, This result is true as long as I assume that the total amount of lump sum rebates to banker 4,
Téc " are pre-determined at the beginning of period zero, so that banker i takes them as given. Since
I assumed that the policy maker has a sufficient number of instruments to replicate the constrained
CP’s allocation and the CP’s allocation is interior, then ull’fg > 0 and ,Ulf,ib =0.

Similarly to the proof of Proposition 2, one can re-arrange equation (63) and it becomes equivalent
to equation (57) with the only difference being that )‘ll,b enters in place of A;;. The rest of the
derivations are the same as in the proof of Proposition 2.

One can relax the assumption that T[f " is pre-determined in the beginning of period zero. All

the results go through as long as N > 1. The period zero budget constraint of banker ¢ becomes

N
kg (1 + Té“) —ng < Y prsdy + i g kith'. The new first order condition with respect to ki is
i=1

T
s M(wikl,) _ (1 o°m, Y 1 F(M) 02T -
ge =\ W okd ox ) N(z(f,)) > ok ,)o) where z = {a,w, x} -
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the same with the exception that)\é’i (1 + Tok 1) is replaced by )\lo’i (1 + Téc ! (1 — %)) and the optimal

: k_ N 1 _ 1
tax on capital becomes 77 = 5 ® (/\Lb<k{fp) Ceiayh The rest of the results go through. [J
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