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ABSTRACT

Expectation for bank bailouts is often said to bring ine#fiy, especially too much risk
taking. However, in some cases, insolvency may be a restotoés exogenous to banks. In
these cases, this paper shows that bank bailouts can beabftarm macroeconomic point of
view but that it is so only if bankers and borrowers are too Impiotected by limited

liability. | develop a simple general equilibrium model ifniwh productive activities and
financial intermediation are determined simultaneouslgdgupational arbitrage between
entrepreneurs and bankers. Entrepreneurs are then sattexo® borrowers or depositors
depending on their draws on idea shocks. The model assualeticgfinancial frictions:
costly state verification and limited liability. The optild@an and deposit contracts take a
form of a standard debt contract due to costly state verificatssociated with bank lending.
The optimal bank capital is positive and the banking sestsizable. When a large negative
shock hits, borrowers and banks would walk away with sonmanet! assets that the lax
limited liability allows. Depositors have to assume all tag risk (tail-risk dumping. To
mitigate this tail-risk dumping problem, government-ledibuts of banks, if transparent, can
improve welfare as all the funds are distributed to depositbhen, ex ante occupational
choice becomes less risky and everyone better off. A depsitance scheme, if funding
are supported by a tax contingent on outputs ex post, canatiraitransparent bank
bailouts. Some form of liquidity ratio requirement worksllw#o. In any case, the
government needs to raise its revenue (e.g., sales taxionftax) to transfer funds. This
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contingent fiscal operation is optimal. (To Be AddressedeWér the transfers should be
funded by bonds before raising tax revenue.)
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|. INTRODUCTION

Bailing out banks, among others, was the key policy adopteléd recent financial crisis by
many countries. But, when do banks need to be bailed out?h&re any other better
options? Can tighter regulations prevent future bank bh&sf® Because systemic importance
was stressed as a major reason for bank bailouts, financiak gmlicies need to be
evaluated from a macroeconomic perspective. Becauseateang and bailout expectations
affect the banking sector size, policy implications is &etb be studied recognizing
endogeneity of the banking sector size.

Against these backgrounds, | set up a simple general-bquith model in which productive
activities and financial intermediation are determinedsiameously by arbitrage in the
factor markets. The model determines the size of bankinpsand bank capital. Then,
from a macroeconomic perspective, | evaluate banking spolies such as bank bailouts
and capital adequacy ratio requirement.

Expectation for bank bailouts is often said to bring ineffi@y, especially too much risk
taking. However, in some cases, insolvency may be a restdtods exogenous to banks: for
example, devastative natural disaster (e.g., banks irhMost Japan after large earthquake
and tsunami) and large swings in international interestsrédr small open developing
countries (e.g., Latin American crisis and Thai crisis ilye&980s). In these exogenously
induced banking crisis, this paper shows that bank bailcartdbe optimal but that it is so
only if bankers and borrowers are too much protected by didiiability.

In the model, anyone can choose to work either in the prodastector or the financial
sector. The financial sector intermediates capital witreaviéhich determines the spread
between the deposit and the loan rates. This fee is the inobbvenkers who inspect and
verify the situation that a defaulted borrowers face. Theeeked utility of bankers should
equate with the expected utility of entrepreneurs in thelpetion sector.

Because the financial fee is a waste for the production sectaro spread, if possible,
between the deposit and the loan rates would be the firstlbetbie hypothetical first best
allocation, almost all people engage in production and ardynall number of people engage
in the financial service. As a result, the optimal bank capitauld be tiny, almost zero,
relative to the loan size. Any policy intervention, such apital adequacy ratio requirement,
deposit insurance, and bank bailouts would create dietwsti

However, the financial fee may be something required to deébalumderlying financial
frictions. | assume realistic frictions: costly state fiedtion and limited liability with simple
renegotiation. The optimal loan and deposit contracts thka a form of a debt contract.
Thus, there will be defaults in the equilibrium and the défduesholds are non-contingent
on aggregate shocks. This is the “original sin”: If an enmimeent allows to write state
contingent contracts freely, there would be no bankrupta)/reo reason to worry about
insolvency of banks.



In the equilibrium with these financial frictions, banks@®s® the risk to receive too low loan
repayments to honor the deposit contract. This gives bamkscantive to choose a sizable
positive capital as a buffer for themselves and thus for digps. This limits the size of each
bank and determine a number of people working as bankers.

In a rare catastrophic occasion, even banks default. Thegrositors must assume all such
risks because of noncontingent limited liability of borens and banks. | call thisil-risk
dumpingto depositors. While bankrupt ex-bankers and ex-borrowansenjoy nice retired
life based on retained assets and continued income fromitheian capital, depositors lose
all of their life-time savings. This is gystemic everthat many governments try to avoid ex
post. Ex ante, if they know such event happens, depositoutdwiew deposits as risky
investments and hesitate to make a large sum of depositsréssilt, capital would be
misallocated.

This is a consequence of incomplete institutional arrareggnn particular, lax limited
liability. 1 do not ask why such institution is installed ihis paper, but rather ask what is the
optimal policy in the presence of such institutional arrmgnt. In a way, this paper can be
viewed as an optimal policy design in the presence of institalized “looting” problems
(Akerlof and Romer, 1993) by banks and borrowers.

| show thattransparent bank bailoutsan mitigate the tail-risk dumping problem. | define
transparent bank bailoutas the one that transfers funds only to depositors, without
benefiting banks, by taxing everyone, including defaultexddwers’ and banks’ retained
assets ex post. Literally, taxing defaulters directly istally or legally difficult but in
reality taxing them indirectly can be done by a governmeamtgkample, through
consumption tax or future income tax on human capital.

In essence, a government can relax the lax limited liabdlitgstraint, that is, it can make the
noncontingent limited liability constraint to be contimg®n aggregate shocks. This is
because the government has a granted power to tax peopleesslbof a bailout,
consumption levels become more similar among borrowerkdya, and depositors in the
case of low tail event. Thus, aggregate risks are more ggsiadired each other. From the ex
ante viewpoint, people face less risk in choosing occupafitierefore, the overall ex ante
welfare is improved by transparent bank bailouts. Howdbere is no need to call for an
additional policy such as a capital adequacy ratio reqergm

A deposit insurance with ex post fee adjustment works sitgilaell by taxing bankers’
retained assets ex post. Some form of liquidity ratio rezqagnt can also mimic the same
outcome. These transfers can be made before the tax cofietti this case, government
bonds would be used and then consumption tax would fund ainsfer. Also, in the
monetary economy, cash can be used as transfers and thénmiée could fund them.

Note that removing limited liability from bankers would Head to a better equilibrium. An
unlimited liability or so-called “double liability” of bakers would make the banking sector
too risky compared to the production sector. As a resultc#patal ratio would become too

large and so the spread income must be higher than the optimal



In addition to ex ante limited liability, ex post “lootingpportunity may also be available for
banks if banks can seize a part of bailout funds. In this dza&uts are not transparent but
include some hidden subsidies to banks. | call timgansparent bank bailoutSome of

them may be necessary to persuade bank owners to agree ambéd.g., Landier and
Ueda, 2009) but others may well be a result of political infleeeby bank lobby (e.g., Igan,
Mishra, and Tressel, 2011). Again, | do not attempt to thesotihe underlying mechanism of
such practices in this paper.

However, if banks are enriched by bailouts, bailout expexta will create distorted
incentives for people to become bankers rather than prvéugitrepreneurs. As a result,
there will be too many bankers and too little production. kowroduction implies lower
entrepreneurs’ utility, and so is bankers’ utility througgtupational arbitrage in a general
equilibrium. 1 call thisincome shiftingproblem. This problem requires a policy to limit bank
profits, such as a capital adequacy ratio requirement or lallbay so as not to attract too
many people to become bankers. With these regulations, litduts are still considered as
optimal response to a tail-risk event in the presence ofifaidd liability.

In summary, my paper introduces two new perspectives, natailrisk dumpingand
income shiftingoroblems, which are complementary to the existing liteathe tail-risk
dumping problem associated with lax limited liability isméo the literature. The limited
liability is desirable, if not optimal, in other theoriesoifexample, with debt overhang,
heavily indebted firms or people can invest or work more effitty after debts are forgiven.
Another example is a virtue of limited liability corporatis, with which more high risk high
return projects are made. Because of these benefits, lifratatity should not be abolished.
However, net benefits of limited liability is unconditiohatlear only in a partial equilibrium
or with risk neutral agents. In a general equilibrium witkkraverse agents, some insurance
arrangements must be welfare improving for the tail riskd tepositors have to assume
under the limited liability. This calls for de facto infriegnent of limited liability when a
large negative shock hits an economy. This is the main, tpessage of this paper.

Also, the income shifting problem in a general equilibriuetup is novel, though distortions
in the presence of the government protection in the finasgstem has been known mostly
in a partial equilibrium framework. For example, the riskfsing problem induced by

deposit insurance requires prudential regulations suehcapital adequacy ratio requirement
in Kareken and Wallace (1978), Keeley (1991), and Allen aate@007). The moral hazard
problem from expected bailouts requires prudential regaria in Chari and Kehoe (2009) or
tax in Kocherlakota (2010) although Chari and Kehoe (20@®)iathe bailout of firms via
banks is ex post efficient to avoid assumed fixed costs asedaiath bankruptcy. In a
general equilibrium framework, Van den Heuvel (2008) agtrat the capital adequacy ratio
requirement is costly as it limits the liquidity availablethe general equilibrium. Related
issue is the effect of competition policy as regulationshsag capital adequacy ratio
requirement reduces competition. Some argue that riskgaddecomes too excessive under
freer competition (Allen and Gale, 2000) because monogolients limit the banks’ risk
taking behavior. The others argue the opposite (Boyd andibeldy 2005) because bank’s
higher monopolistic rents implies firms’ lower rents thatdedo higher risk taking at the firm
level.



My paper also serves as an improved micro foundation for agcmomic models with the
financial accelerator (e.g., Bernanke, Gertler, and Gilcti999). These macro models use
the costly state verification associated with lending. Buany models do not have a
meaningful banking sector and, instead, firms directlydarirom consumers. Similarly,
collateral channel models (Kiyotaki and Moore, 1997) istaropopular macro-financial
model that addresses financial policies and macroeconamgequences. However, typical
collateral channel models do not also separate banks angl fimd borrowers do not
bankrupt in an equilibrium. Recent papers do include a bran&ector and sometimes
assume two frictions together (e.g., Christiano, Mottal Rostagno, 2010). Still, firms may
default but banks do not default on deposit contracts. Widlsé models, it is difficult to
discuss the bank insolvency and government bailouts, wdnehvidely argued as the core
issues of financial crises (e.g., Reinhart and Rogoff, 2009)

| would also like to emphasize the importance of endogenizesas the banking sector. In
most of the macroeconomic models with financial frictiorembdefaults are absent and the
capital ratio is not determined endogenously. Naturdtlg,lianking sector size is
exogenously given. Then, it is difficult to identify a fullale of distortions created by
policies. For example, the capital adequacy ratio requergmould create higher monopoly
rents for bankers in an exogenously given banking sectosumh rents would dissipate with
endogenous entry of bankers. Only a few papers have ina¢stighe endogenous nature of
the financial sector size. The U.S. financial sector has gaxentime with increased
bankers’ wage that compensates increased bankers’ ingskn@hillippon, 2008). In an
occupational choice model, Bolton, Santos, and Scheink@2@iil) argues that the financial
traders attract too much talents due to profitable oppdrasin the opaque OTC market.
Their paper apparently brings an important argument but doehave much implications
regarding policies towards deposit-taking banks.

II. SETUP

A. Demography, Utility, and Technology

| analyze a simple one-period model to understand the bhai@acteristics of distortions in
allocation of factors between the production and finan@at@'s. The economy has a
continuum of ex ante identical households in the interval of|, endowed with initial
capitalk,. They choose to be entrepreneurs and bankers endogenassly bn individually
optimized choice. | denote bankers’ population/bgind entrepreneurs’ by — .

Once an agent becomes an entrepreneur, he observes hiskelek or ideas to carry out
production. He then makes the investment decision on erdloagitalk,. He has an option
to make a financial decision how much to make a depgsjtor to take a loari(e). The
capital reallocation has to be done via bankers. That i$, fawancial intermediation and



production activities are assumed to require speciatinatithese are time consuming
activities so that specialized people serve in each séctor.

With the adjusted amount of capital, he produces final goolgest to productivity shocks.
There are three types of shocks which each entreprenew: filageidiosyncratic talent (or
idea) shocks (e.g., quality of projects or talent matches) from the cuatiué distribution

F(e) : [e,€] — [0, 1] with mean one; the idiosyncratic productivity shoeksom the
distributionH (¢) : [e, €] — [0, 1] also with mean one; and the aggregate productivity shocks
A from the cumulative distributiot¥(A) : [A, A] — [0, 1] with mean greater than one.

Entrepreneurs make individual financial and productiongieas after observing the
idiosyncratic talent shock, but before aggregate and yaiostic productivity shocks hit the
production process. [For the sake of simplicity and witHoss of generality, | assume
hereafter that the lowest aggregate shock is zére, 0 but the mean is one. The
idiosyncratic productivity shocksis assumed to be mean one and always above zerd).]
So, the combined productivity shock also has the mean oneerdninimum. Also, for the
sake of simplicity, we assume only two levels of taleftande? (i.e., up or down) with
equal probabilityl /2.

The production function is Cobb-Douglas with capital sHare o < 1 as in a standard
macroeconomic model. One unit of labor is assumed to bestieddly supplied by each
agent to his own project. This implies that:

yP =y(s,eP A €) = eAeP (ky — 5)*  for those make deposits;

1
ybh=y(l, eV, A €) = eAeV (ko + 1)*  for those take loans. (1)

The production function exhibits diminishing marginalwets to capital. Entrepreneurs who
received the high talent’ have higher expected marginal returns on the endowed tapita
than the loan rate. Accordingly, they would like to borrowpital | from banks until the
expected marginal returns equate to the effective loan €@tdhe other hand, entrepreneurs
with low talente” have lower expected marginal returns on the endowed cdlpitalthe
effective deposit rate. They will deposit some of his endbweapitals to banks and operate
more productive activities in smaller scale. Their expéctaarginal returns will become
equal to the effective deposit rataVith positive spread between the deposit and loan rates,
some entrepreneurs might not engage in transaction witksb&towever, in the case with
two talents, | assume a sufficient difference between theswihat the high talent type
always become borrowers (borrowifjgand the low talent type always become depositors
(depositings) for a small spread.

At the end of the period, a high talent entrepreneur consuvhesis left after paying back
any outstanding loans and a low talent entrepreneur corsbhim@®wn outputs and deposits

2For the sake of simplicity, labor is not modeled here, buspneably the labor can be allocated either activity.
By choosing occupation, an agent is assumed to establisamuaapital specific to his occupation.

3Wwith risk averse utility, deposit and loan size will be al$eeted by risk sharing considerations.



returned with interests. Consumption for each type can ligewrgiven the loan repayment
scheduleR%(1, A, €) faced by a borrower and the deposit repayment schef@ti(e, A) faced
by a depositor.

ch=cMl,Ae) =y(eV, Ae) — RF(I,A,e) + (1 — 0)ky for those take loans;

2
P =cP(s,A¢) =y(eP, A e) + RP(s, A) + (1 — §)k, for those make deposits. @

Note that capital is not assumed to depreciate completelyroB/ers may use the capital to
repay obligations or to consume. Borrowers repay the loatract R~ using the depreciated
endowed capitall — §)k, together with outputs. Even in the worst case of zero outputs
borrowers still have the depreciated endowed and loanathtép— ) (ko + [) and thus they
can always repay the depreciated loaned cafital 9)/. Then, banks can always repay at
least the depreciated deposits— §)s as they always receive at least the depreciated loaned
capital(1 — ¢)l from all the borrowers. Of course, banks may not pay. Theeeftepositors
always have the depreciated initial capital 0)k, to consume except in a case that the net
deposit return?? is deeply negative.

A banker takes depositsand make loans She also invests her own capitgl = &, as a
part of loans to high talent entrepreneurs. Adjusting tihegtike size, the resource constraint
at a bank can be expressed as:

L —p L —p B
[ = ky . 3
2 2 $ + Ko 3)

A banker receives and consumes the spread between the tayonrept schedules with
adjusting the relative size. Note that the banks can podtlibsyncratic loan repayment and
thus the deposit repayment depends only on the aggregatk. sho

B(A; R", R") = 12_—M“ / (RM(1, A e) — 7A(e; A)) dH () — 12_—“RD(5, A)+ (1= 8)kB,

ol
(4)
wherer is the verification cost and\(¢; A) is the region where banks verify the state.

Suppose that deposit takes a form of debt contract, whickeprto be true in Section Ill. B
below. Then, deposit contract has a flat portion and a defegibn. Letp” denote a deposit
rate in case of full repayment. With the market valuatiorhia asset side but with the face
value liability, the ex ante balance sheet of a bank can bgenras

12_—M“ / / RE(1, A, €)dH (€)dG(A) = 12_—MMst+w(k;69), (5)

wherew(k§) is the accounting valuation for the net worth, which is thmsf the retained
initial capital (1 — )k and any expected profits. Ex post, depending on the realizafi

the aggregate shock, the net worth can become very smallaskanleeds to repay deposit in
full until it defaults.



Both entrepreneurs and bankers share the common prefsrand@btain utility from
consumption goods Each household maximizes the expected uti#ify(c)| at the end of
the period. For the sake of simplicity, | assume the congtdative risk aversion, that is,
u(c) = ¢'77/(1 — o) with positive relative risk aversion parameter- 0. Note that, the
utility functionw : R, — R, isincreasing:’ > 0 and concave’’ < 0 and satisfies Inada
conditions to assure internal solutions.

B. Decentralized Equilibrium

In a Walrasian decentralized market, there is an auctiomkeroffers price and matches
demand and supply of goods. This paper’s decentralized glezguilibrium departs from

this typical Walrasian equilibrium in two ways. First, teeare continuum of nonatomic
banks who intermediate capital markétSecond, banks offer a more general form of “price”
in the capital market, that is, deposit and loan repaymedregdules. In accordance with the
specified repayment schedules, the consumption goodsacatald among borrowers,
depositors, and bankers.

Definition 1. A decentralized equilibrium is the capital allocatidrand s, and the
consumption allocation represented by the deposit and tepayment schedule&? (s, A)
and RL(1, A, ¢), that satisfy the following conditions:

¢ Given the loan repayment scheduté, the expected utility for a high talent
entrepreneur (i.e., a borrower) is maximized by her choideans!,

(ko) = max / / (1, A, €)) dG(A)dH (e). (6)

¢ Given the deposit repayment schediile, the expected utility for a low talent
entrepreneur (i.e., a depositor) is maximized by her chofadeposits;,

P (ko) = max / / (s, A, €)) dG(A)dH e). (7)

e Given the reaction of entrepreneurs (i.e., deposit supptylaan demand functions), a
banker chooses deposit and loan repayment schedules tonaaxdiis expected utility,

VB(ky) = max / U (cP(A; R, RP)) dG(A). (8)

RL(I,Ae),RP (s,A)

e The (pre-production) capital market clears, which is esisdly the same as bank’s
resource constraint,

1—p 1—p
5 | = 5 s+ kb 9)

4If banks are finite and possibly monopolistic, strategicomst in both deposit and loan markets could produce
a complex equilibrium (Ueda, 2006). Such strategic belra\ace assumed away in this paper.
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e The (after-production) consumption goods market clearsify realization of
aggregate shockK,

1_TM (c"(1, A e) + P (s, A, €)) dH () 4+ uc”(A; R, RP) (10)
1

:1_7“ (y(e, A,€) +y(eP, A,€)) dH (e).

e The ex ante arbitrage condition for occupational choice éadime a banker or an
entrepreneur before observing talent= ¢’ or e holds,

VB(ky) = VE(ky) = VP (ko) + %VL(ICO). (11)

DO =

Note that, with lower banker populatipn by construction, banker’s consumption
monotonically increases for any realizationAfceteris paribus This implies that the
banker’s utilityV’Z(A) increases monotonically when there are fewer banks @een),
ceteris paribus

1. O PTIMAL CONTRACTS

A. Loan Contract

A bank is assumed to offer an exclusive contract represdntéide repayment schedule
RE(1, A, €) to a borrower. | assume costly state verification (CSV, Tamds 1979) and

limited liability. Also, for the sake of simplicity, | assugra simple renegotiation of payments
when default happens.

Assumption 1. [Micro Structure of Loan Market]

(i) [Costly State Verification] Realization of combined gustivity shock A is private
information but can be verified by a banker with verificati@sic. Note that even aggregate
shock is not public information if not inspected.

(i) [Limited Liability] A defaulter can retain\ > 0 portion of their endowed capital after
depreciation.

(iif) [Simple Renegotiation] A bank has a sole bargainingyg to recover loans from a
defaulter except for the retainedportion.

Lemma 1. [Restriction on Loan Contracts]

The default threshold and the loan raté cannot be aggregate shock contingent. Rather,
they are contingent on the combined shock. The repaymeme ideffault region is linear in
state. It is determined as all the outputs of a defaulter mithe minimum assefg1 — §)k,
that the defaulter keeps.

5This captures the situation in which default decision camveit until, say, the finalized GDP figures are
released by a government. The fact that the deposit is ndingemt on the aggregate shock (e.g., GDP) is the
“original sin” for the large scale bank insolvency probléihy it is so merits another research.
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Proof. Under Assumption 1 (i), after a measurable set of borrowersspected, the
aggregate shock should be revealed. However, unless tesldte aggregate shocks are not
revealed. Therefore, the threshold of inspection cannebbé&ngent on the aggregate shock.
Above the threshold, a bank do not know the level of the aggeeshock, so that the loan
ratep’ cannot be contingent on aggregate or idiosyncratic shocks.

Assumption 1 (ii) implies that the retained assets undeitéidiiability is not contingent on
any shocks directl§.

In case of default, there is a modeling issue regarding halldcate the outputs in two
parties in renegotiation, in which bargaining powers mattere, for the sake of simplicity,
Assumption 1 (iii) states that the creditors can seize teetasexcept some portion that
defaulters can flee with. Since the combined shock detesnireeoutput level, the loan
recovery rate is contingent on the combined level of the eggpe and idiosyncratic
shocks’ Q.E.D.

In the previous literature with CSV, banks determines tiheghold of default, under which
repayment becomes contingent on shocks. However, in thisrpte limited liability
implies that the borrowers may determine the threshold vihey default. Indeed, the latter
is the case.

Lemma 2. There is a unique default threshald defined for combined shockd. It is
determined by borrowers for any given loan rate

Proof. | consider only truth-telling strategies, which is indeeggorted in an equilibrium as
shown below.

Let 0% denote the default threshold determined by a borrower. isttkieshold, borrower’s
consumption from defaulting and not-defaulting should tpgagded. This decision is after
production (in the renegotiation stage) so that the detisionade given some loan size

0% e (ko + 1) 4+ (1 — 6)ko — (p" +8)l = M1 — &)ko (12)

Let 054, denote the default threshold determined by a bank in a hgfioti situation in
which a borrower cannot declare default but a bank decideslabking at the output report

5This stems from a deeper assumption on borrowers’ abilityalix away from debt obligation. Defaulted
borrowers is assumed to be able to flee from their residendestories with carrying some of their assets.
This is usually true in many counties, formally or infornyalThis is the foundation of the limited liability
constraint, exogenously given to the model.

"The analysis in this paper should also be robust to otherlsiailocation of bargaining powers.
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from a borrower. In this case, bank’s consumption fromnetfirms default or not should be
the same at this hypothetical threshdld.

0L et (ko + D) + (1 — \) (1 — 8)ko — 7 = (p" + O)L. (13)

The relative size of two thresholds are given simply by th&t ob verification:
0Lg, > 0% = 7> 0. (14)

This implies that in the region where combined shock retitinas below or equal té%, a
bank has an incentive to inspect with paying casioreover, a bank optimally adopts the
threshold determined by the borrower’s limited liabilitynstraint, that is§* = 6%. By
adopting this, a bank gains over the case with adogting . By using borrower’s
self-selected default threshal§, banks do not have to payfor realized states betweéfy
andf’,,. With this banks’ policy, betweeff; andd% ., borrowers also do not have to
lower their consumption at the retained asset level, wradbwer than the full repayment
case. Q.E.D.

Remark. Banks need to offer the loan repayment schedule that is st@enswith the
borrowers’ default decision, (12).

In summary, the optimal loan repayment sched@té(/, A, ¢) has default regiof, 6] and
flat full-pay loan rateo”. Moreover, the optimal loan contract implies that

(i) [Pooling Idiosyncratic Shocks] Each bank pools idiossatic shocks of borrowers
perfectly.

(ii) [Public Information] Loan repayments are public infieation and thus the aggregate
shocks are revealed to everyone except for the case thatredvizers repay in full.

The optimal loan repayment scheddé* (1, A, ¢) is described as follows:

e Above the thresholéd”, a borrower repays in full,p” + §)!.
e A defaulter retains\(1 — §)ko.

e A defaulter’'s repayment schedule has an intercept term &indaxly increased portion
with respect to the realized (combined) productivity shadk

eAe (ko +1)* + (1 = A)(1 — 8)ko. (15)

e Atthe threshold)’, this repayment (15) equals to the full loan repaymépit,+ §)!.

8For a banker, against the fixed cadb verify the state, the marginal benefit of verifying thetstia strictly
decreasing in state. If reported outputs are suspiciooslythey should be investigated, but otherwise they
would not carry out costly investigation. Thus, there isr@$hold of verification. Without limited liability, the
optimal contract with CSV usually implies the risk sharirggween two parities below the default threshold.
The literature so far identifies that it becomes a straigigt for risk neutral agents (see a review by Fulghieri
and Goldman, 2008).
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Accordingly, a defaulted entrepreneur consumes only
I, A e) = M1 —0)ko, if €A € [ed, 0" (16)
Otherwise, his consumption is

(1 A e) = eAe (ko + D + (1 — 8)ko — (p" +0)I, if €A e [9" €A a7)
B. Deposit Contract

After production occurs, borrowers decide defaulting drarad then banks decide defaulting
or not. Depositors have to anticipate their behaviors leetioey make deposit decision.
Naturally, loan contracts and amounts are optimally ch@seringent on realization of
shocks and then deposit contracts and amounts are chosectiagpsuch loan market
outcome.

Lemma 3. There is a flat portion in an equilibrium deposit repaymeritestule.

Proof. Remarko 2 implies that each bank insures against idiosyncrabclshof borrowers.
By Lemma 1, the loan default threshold and the loan rate isotingent on the aggregate
shocks. Therefore, when all borrowers repay the loans intfahk revenue is flat,
non-contingent on any shocks. Moreover, the aggregatestase not revealed in this case.
Hence, even if depositors have equity-type claim on bankmeg, the returns have a flat
portion above some threshold level of aggregate shockzedadn. Q.E.D.

For the deposit market, | do not assume costly state verdgitaut assume the similar
assumptions for limited liability as only bankers are siuggubto specialized to conduct
verification on states.

Assumption 2. [Micro Structure of Deposit Market]

(i) [Default Trigger] Default of a banker is defined when hencat repay the flat deposit rate
in full.

(i) [Limited Liability] If a banker defaults, he can retaih > 0 portion of the invested
capital after depreciation.

(i) [Simple Renegotiation] Depositors have a sole bargag power to recover deposits
from a defaulted banker except for his retained portion.

The optimal deposit contract can be characterized almostttiy from Assumption 2, similar
to the case with the loan contract.

Lemma 4. The optimal deposit contract looks like a standard debt @it The deposit
repayment schedulg® (s, A) has a flat portion representing full-pay deposit raté above
the threshold” defined for aggregate shock Belowd” is the bank default region, and
repayment depends on the realization of aggregate shécks this case, depositors seize
the remaining bank assets except that bankers retaoartion of their endowed capital (after
depreciation).
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Proof follows directly from Lemm&? and Assumption 2.

Remark. The non-default region is larger than the region in which eeggte state is not
revealed.

By construction, the region of flat deposit repayment is asti@s large as the region where
the aggregate shock is not revealed. However, if defaudtbank loses everything except for
the retained assets because of Assumption 2. This penalfides a banker an incentive to
repay deposits in full out of his own capital even some boemefault. Because of this
capital buffer of a banker, banker’s default threshold vgdothan borrowers’ average default
threshold (on aggregate shock). And, deposit repaymeetsid is not contingent on
aggregate shock even in the region between the borrowestage default threshold and
banker’s default threshold.

Note that the uniqueness and characterization of the deqm#iracti” (s, A) is the key

issue and determined in an equilibrium as shown in sectieltswb Accordingly, the
equilibrium deposits and depositor’s utility are deteredrendogenously in an equilibrium as
well.

The banker’s deposit repayment schedifgs, A) is defined as follows. If it can, a banker
repays full obligation to a depositor:

RP(s,A) = (pP +6)s, if Ac [P A]. (18)

A banker can also retaik portion of their endowed capital when they default. In tlase,
similar to the entrepreneur’s case, the repayment funéti@ndepositor has an intercept term
and a linearly increased portion, correcting for the re&size of the banking sector:

RP (s, A) = 12—/”L (A=XN1—=8ki +B(A)), if Ac[A, 0] (29)
— [
whereB(A) denote a banker’s gross income. It can be expressed as &fuatthe
aggregate shocks only, after correcting for the relatize ef the banking sector:

B(A) = 12%“ / (RMA ) — rA(e A)) dH(e)

_ L
_ 12_M“ (1 “H (%)) (o + 81 (20)
+12——MM : (1= N)(1 = 8)ko + ede™ (ko +1)* — 7) dH(e),

In a region where a borrower does not default (€.~ 6%), repayment from the borrower
is constantp’ + §). On the other hand, in a region where a borrower defaulf éie< 0%),
repayment from the borrower is increasing with the aggeeghbockA with the floor, which
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is the collateral valuél — \)(1 — §)kq. Overall, banker’s gross inconig( A) is increasing in
aggregate shock.

C. Bankers’ Choice and Consumption

Banks are fully competitive. In the beginning of the peribdnkers offer deposit and loan
rates by equating their expected utility from the spreadine to their reservation utilities,
which are based on the expected income of being an entrepreWéhen banks offer deposit
and loan rates, they rationally expect the possibility dadks of both borrowers and
themselves.

A banker’s net income is the gross income net of (size-ctetdaepayments. In case of
default, it is just the retained capital

B(D,A) = N1 -80kP, it Ac[A 7] (21)
If every borrower repays and a banker repays, a banker alitaérfee income,

o —

cB(D,A)zl_—“(L—pD)s+(1—5+pL)k§, if Ae[—,A]. (22)

20 €’
In between, a banker repays deposits in full to depositarsdogives less than full loan
payments from borrowers,
B B l—p, p ; D 0"
c¢’(D,A)=B(A)+ (1 —0)ky — T(p +0)s, if Aelf ,?]. (23)

IV. DECENTRALIZED ALLOCATION

Although the utility function and the production functicake orthodox forms, the deposit
and loan repayment schedules have kinks. A natural quastighether equilibrium is
unique. | show it is by a constructive analysis on (i) theiphequilibrium in the loan
market, (ii) the partial equilibrium in the deposit markand (iii) the general equilibrium.

A. Loan Market Partial Equilibrium

For any given amount of loaristheiso-loan supply functiosan be drawn on thé"-p*
plane based on the default condition, (12):

(ko + 1) ko

pF + 6 =0 +(1=N(1-8)F (24)

Lemma 5. The iso-loan supply function is monotonically increasing.

%l assume no changes in deposit and loan contracts withinetiedobut negotiation after default is expected.
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Proof. The slope is the derivative of the right hand side of the @amlIsupply function with
respect ta”:
eUM > 0. (25)

Q.E.D.

On the samé@*”-p” plane,iso-loan demand functiocan be also drawn. It is based on the
optimal decision by borrowers. Let= ¢A denote the combined shock with the cdf
M = G o H. The first order condition for the borrower’s problem (6) is

€A
/ (e (ko + DT = (0 4 0)) U ()M () = 0. (26)
0

This is essentially the optimal leverage problem for a lgd#iability entrepreneur who
borrows capital until the marginal productivity of capitajuals to the loan rate but only for
the non-default region. Thigo-loan demand functioof the loan rate” with respect to the
default threshold” given loan amountis expressed as an implicit function of

X(6°,1) = /9 " (ane (ko + 1P — (o + 8)) U ()dM(n). (27)

L

Lemma 6. For any given amount of loaristhe iso-loan demand function on the-p” plane
is monotonically decreasing.

Proof. The derivative of the iso-loan demand function with respedt is negative:

ox(0%,1)

g = (a8 (ko + 1)1 — (p" + 9)) U'(c")M(6") < 0, (28)

wherec” is evaluated ay = 0. The derivative with respect to" is

WD (V) — (e (o + 17 = (o + NIV () M
__ / M — ol / oo + 10t — (b + o)L gny @9
0

L 9L cl

< 0.

Note that inside the second integral in the penultimatehimea “weight” ofU’ /c£, which
has higher weights for the lower realization of shocks ameelonveights for the higher
realization of shocks compared to the weightin the (27). Because the second integral is
different only in this “weight” from the borrower’s first oed condition (27) valued at zero,
the second integral must be negative.

In summary,
dp* B dx /06"

20T __8x/8pL < 0. (30)
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Q.E.D.

Proposition 1. In a partial equilibrium of the loan market, there exists dque loan
contract (loan repayment schedule), characterized by gumset of loan rate and default
threshold(p*, #%), for each loan amourit Moreover, the equilibrium loan amoutitis
strictly decreasing in loan ratg’.

Proof. On thef-p* plane, because the iso-loan supply curve is increasing ifi&6) and
the iso-loan demand curve is decreasing (Lemma 6), therangjae set of the loan rate and
the default threshol¢p’, 6%) to satisfy both demand and supply.

To see the equilibrium relationship between the loan ambant the default thresholtf, |
investigate how two curves shift with higher loan amount:. the iso-loan demand function,

ax(0",1)
ol

€A

= /(: (o — Dame (ko + D720 (cH)YdM +/ (ane (ko + D)t — (p* +6))*U" (cF)dM

L oL
< 0.
(31)

Because)x(6%,1)/0p" < 0 anddx(6%,1)/06" < 0 as shown already, considering the
implicit functions, it is obvious that an increase in theril@anount is accompanied by decline
in both loan rate* and threshold”. That is, the iso-loan demand function shifts down to
the origin on the&?*-p” plane with higher loan amount.

The derivative of the right hand side of the iso-loan suppigyve (24) with respect to loan

amount/ is ol
M(a_k0+l)—(l—)\)(l—5)@<0. (32)

L U
0re I I 12

Note thatn < 1 and(kq + 1)/l > 1. Therefore, the iso-loan supply curve shifts down with a
higher loan amount.

Because both curves shift down with higher loan amount o#theé” plane, the equilibrium
loan amount is decreasing with loan raje".

Q.E.D.

B. Deposit Supply by Depositors

Proposition 2 (Optimal Deposit Size)Given a deposit contradt” (s, A), a depositor
decides deposit amounto maximize his utility (7). This is uniquely determined.
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Proof. The first order condition with respect to deposiis

/A /E U'(cP (s, A, €))aeAer (ko — s)* L dH (e)dG(A)

_Z _E 8RD( A) (33)
_ /0 ) / U (P (s, A, ) S ()G (A),
where
D _ Lk — )@ _ D s i D.
(s, Aje) = eAe (ko — )+ (1 = 0)ko+ (p~ +0)s, if A>07,; (34)

= eAel (kg —8)* + (1 =) (ko — s) + (1 = \)(1 = 0)kZ, if A< 6P,

is the consumption of a depositor. Note that the derivative’d(s, A) with respect tos is
equal to(p” + 4) in the nondefault region and(1 — §) otherwise. Then, the right hand side
of (33) is equal to

= (p” + ) /@D U’ (s, A, €))dH (e)dG(A)

—(1—5>/ / (5, A, €))dH(e)dG(A).

The first order condition (33) essentially is the optimaltfmio problem of allocating capital
S0 as to equate the internal marginal product from own basiteethe outside opportunity,
which is the deposit to banks. Similar to loan size detertionaby borrowers, there is
unique solution of deposit size. Q.E.D.

|

(35)

al

For givenk, and parameter values of the production and utility as wethasleposit
repayment schedulg”, the utility level is determined in the equilibrium by opttty

chosen deposit. For a specific utility level, the first order condition (33yes us the deposit
supply as a function of the deposit repayment schedule tfie default thresholé” and the
full-pay deposit rate”). For given full-pay loan rate’, the full-pay deposit rate is just
lower as much as the spread, thapis,= p* — 7. Here, the (Hicks) deposit supply function
can be expressed ag6”, r|u) in theP-r plane.

If more capital is allocated to the deposit, less capitallgcated to own business and raises
the marginal product of capital. Then, the left hand side88) {ncreases. On the other hand,
more capital would be allocated to the deposit if the depmmsitract becomes safer (i.e., the
default threshold” becomes smaller) for the same deposit pate Thus, the deposit supply
functions® (67, w|u) is decreasing in default threshdldl. Similarly, it is decreasing in
spreadr, that is, increasing in deposit rgt€ (= p* — 7).

On thef?-r plane, given spread, deposit supply® is decreasing in the threshal® and
vice versa. Here, for any given deposit supply level, spread a function of default
threshold? is strictly decreasing. That is, if the deposit rate is leezedepositors ask to
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lower default threshold for compensation to deposit theesamount in a bank compared to
returns form own business. TH&-7 deposit supply line represents ian-deposit supply
curve A higher deposit rate and a lower default probability give tlepositors higher utility.
The deposits (and the utility level) are larger if the is@ol&gt supply curve is closer to the
origin (lower spread and lower threshold).

Given the FOC-satisfying deposit levefixed, the slope of this iso-deposit supply curve on
thed”-r plane is determined by the first order condition (33). €&”, r) denote the
right-hand-side minus the left-hand-side of the first oi@rdition—it is zero at the
optimum. For the same level of depositthe slope the iso-deposit supply curvéis:

de —0%®(9”,7)/06"
doP 0P, m) /o

(36)

Here, withU’ > 0 andU"” < 0,

99(6”, 7)

590 (pP+0)g(6") /6 U'(e0Pe" (ko—3)*+(1—8)ko+(p” +0)3)dH (¢) > 0, (37)

€

whereg(A) is pdf for cdfG(A), and

%ﬁ:’ﬁ) - /9: / v (€)dG(A)—5 /9 j / E(PD+5—Q€A6L(160—S)O‘_l)U”dH(e)dG(A).
E ) (38)

So far, the model is too general and difficult to charactetitereafter, | focus on the
empirically relevant range of parameter values by the Valg assumptions. Mostly they are
restrictions on productivity shock distributions to agsconvexity of the deposit supply and
existence of pure strategies. Without them, the most of ifperaent still goes through if
lotteries or mixed strategies are introduced to convexié/deposit supply curve.

Assumption 3. [Regularity Assumptions]
(i) [Left Tail for Aggregate Shocks]: The pdf is increasimgthe neighborhood of low
aggregate shocks that trigger a bank default, thati§”) > 0. Also, in that neighborhood,
the elasticity of the pdf is higher than the half of the relatrisk aversion, that is,

1(nD\pD

ge-)e” o

g(@?) — 2
(ii) [Return Bound]: The average marginal product of capitanditional on the highest
realization of aggregate shock for a high talent entreprane bounded above,

aZeng‘_l <2-—0.

10The derivative changes at default threshttidepending on whether depositors expect default or not by
banks at the threshold. | assume commitment of payment biyshatrihe threshold and therefore the derivative
is taken from the “right” side.
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Lemma 7. The iso-deposit supply curve on the-r plane is strictly decreasing and strictly
concave in threshold”.

This Lemma implies that, for a low threshold of default, dejpmrs tolerate a high spread
(i.e., alow deposit rate).

Proof. The iso-deposit supply curve is strictly decreasing if tea@minator (38) is
negative—because the numerator 37 is positive, it meahghtbaverall slope (36) is
negative.

B 0®(0P )

- /9 j / ' U'dH (€)dG(A) + 5 /6 j / E(pD + 0 — aede" (kg — s)* " U"dH (e)dG(A)

A e "
:/ / U +5(p° + 6 — aeAe (ko — S)O‘_l)U—/U'dH(e)dG(A)
o> U (39)

, 5 —cPU"
U= (0P + 6 — aedet(ky — 5)° 5 U'dH (€)dG(A)
oD

/9/ (1= 0) + (aeAe (ko — 5)°7") = p7)) U'dH (e)dG(A).
> — <I>9D —

In the penultimate line;” denotes the consumption level conditional on the reatimati
highest aggregate and idiosyncratic shocks. Note thahtkegrial portion of the formula is
very similar to the first order condition (33) but the aggtegehocks are truncated @t to
calculate the expected return from own business. Thergtasgpositive and its reverse is
negative,
D
9%(07, ) < 0. (40)
on
For the concavity, | show that the slope (36) is strictly @asing with9”, or equivalently
d*r/(dOP)? < 0
d*n —0?P(0P m)/00P00P -0 (6P, 1) /06 ?P (0P, T)

@7 ~ 000 m)ar  (@0(6P,m)/om)  On0BD (41)
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The numerator of the first term is
0*®(0P )
060P opP

=(p” + 8)g'(6") E U'(e0Pe (kg — s)* + (1 — 0)ko + (pP + 0)s)dH (€)

—

!

+(pP 4+ 8)g(0P) | el (ko — 8)*U" (e8P e" (ko — 5)* 4+ (1 — 8)ko + (p” + 6)s)dH (¢)

€

=(p” +9) /6 (g'(O°)U' (P (5,07, €)) + g(67)ee" (kg — s)*U"(c" (5,07 €))) dH (€)

€

=(p” + ) / U'(cP(s,67,¢))

1D o P (5,07 ) U"(cP (5,07, ¢€)) y(eP, 0P ¢)
(g (67)+9(67) U'(cP(s,0P,¢)) QDCD(S,QD,G))dH(E)

=7 +0) [ U600 (5167 - ol ' ) a0

>(p” +0)U' (") / (9’(9D) - g(:g )U‘Zl(f(sng) dH ()

>+ )0 (4/167) - 5o )

>0,
(42)

where consumptior” in the last three lines denote the consumption evaluatdubdtighest
possible values, that is with= ¢, underA = #”. The penultimate line follows that the
average depositor’'s consumptieh conditional on the aggregate shocld&tis strictly twice
larger than the depositor’'s own outpufor any realization of the idiosyncratic shocks. This
is because at” a depositor receives full repayments from a bank and shelsamansume
her own output and the (depreciated) initial capital. Not aitd”, average borrowers are
defaulting by definition, that is, the average output of bawers are less than the depreciated
initial capital, and so does the average own-output of démgs That is,

P =y+ (PP +6)+ (1 -0k
>y+ (1 —0)ko 43)
> 2.

Finally, by Assumption 3 (i), the last big parenthesis igHiy positive.

The denominator of the first term of the derivative of the sl¢fl) is negative as shown in
(38). Thus, the first term is negative overall. The last portf the second term of the



22

derivative of the slope (41) is

D*®(6P )
onooP
:/E U ((1—6) + (et (ko — 5)*7" = pP)) iﬂalH(e)
. U

= € 44
>%UU/(ED) / (1—6—p" +aede" (ko — s)*™") dH (e) (44)
c €
— 5 oU'(@) (16 — pP + abPe (ko — 5)°1)
¢

>0.

where consumption insidé’ andU” in the first line are evaluated &t = #”; ande” in the
second line and below denote the consumption evaluatee aighest possible values, that
is with e = €, underA = #”. The penultimate line uses the assumption that the mean of
idiosyncratic shock is one. The last line follows Assumption 3 (ii) and

1+ pP <1+ pb < adeVkS!, the average autarkic marginal product of capital for a high
talent entrepreneur contingent on the highest aggregatsfihat is,1 — § — p” > 0.

The first portion of the second term of the derivative of ttogsl(41) is positive as shown in
(37). With the minus sign in front, the second term is negativerall. Because both the first
and second terms of the derivative of the slope (41) are prtavbe negative, the iso-deposit
supply curve is strictly concave. Q.E.D.

C. Credible Deposit Demand by Bankers

The deposit market is under unfettered competition. A baoKers a deposit contract,

which specify deposit repayment function. However, as lasithe spread income is positive,
a banker is happy to take as much deposits as possible. Tha deposit demand by a bank
is inelastic to any given profitable pair of spread and deftwnesholds.

A banker faces a credibility constraint: He needs to repagpsditin full p”s under a deposit
contractR” (s, A) up to the default threshol’. This means that there is a technical
trade-off between the threshal® and the spread. Given certain spread, higher default
threshold®” (i.e., easier to default on deposits) gives a banker moritphut the threshold
cannot be higher than the contract specifies. That is, thigazimeeds to be renegotiation
proof or credible. This implies that a banker maximizes hilgtyiby choosing the threshold
6P for any given full pay deposit rate such that consumptiorenmigfault is equal to
consumption under full deposit repayment:

M1 —0kP = BOP) + (1 —6)kF - 12_—M“(pD +6)s. (45)
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Given deposits, the initial capitalt?, and banker population, this renegotiation proof
constraint (45) should hold and appearswslible deposit contract offer curvé (62, ) on
the - plane.

For the sake of simplicity, | assume the following propertyte pdf function for the
idiosyncratic shock.

Assumption 4. [Right Tail for Idiosyncratic Shocks] In the right tail, fofe > mean(e) = 1,
the pdf is decreasingi(¢) < 0 but not steeply—the elasticity is less than tywé’/h| < 2
and the elasticity of the cdf is less than oele/ H < 1.

Lemma 8. The credible deposit contract offer curve is strictly desi@g and strictly convex
on thed” -7 plane.

Proof. On thed”-r plane, given a deposit leve] the credible deposit contract offer curve
appears as,

T—p —5:—(1_M)S(B(9)+(1—)\)(1—5)k0). (46)

Using (20), it is expressed as

24
(1 —p)s

SO

[T =N ok + P g+ )7~ 1) dH()

T—pt—6=— (1= (1 —0)kf

Multiply both sides bys and take a derivative of the right hand side with respeétto

—( L+5)zﬁh+ (1 =N (1-0)k +ﬁeD (ko +1)™ — ﬁh
P 9D2 0T pp” € (o ™) b2
ol

- / " e (ko + 1) dH (e)

L

=—[(p"+6) = (1= N1 —0)ko + 0" (ko + 1)* — 7)] %h (48)

oL
= / " eV (ko + D)dH (e)

oL

L /@D ee” (ko + 1)*dH (€) < 0,

where pdfh is evaluated a#” /6" This is negative and thus the credible deposit contract
offer curve is strictly decreasing. Note that, the last fioiows the fact that the full loan
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repaymenp” + ¢ is equal to the all the outputs plus net-of-retained portibdepreciated
capital of a borrower at the default threshold of a loan,(i.4.is at6").

As for the convexity, take the second derivative with resped”:

oL /ot ot . 0F
where pdfh and its derivativé)’ are evaluated & /6”. Note that)* /9" is by construction
above one, which is the mean value of idiosyncratic shockasTthe inside of the large
bracket in the first term is positive or zero by Assumption Be Tast term is apparently
positive. So, the second derivative is positive overadlf R, the credible demand contract
offer curve is strictly convex. Q.E.D.

D. Deposit Market Partial Equilibrium

It may be obvious but the demand and supply needs to be eqaalequilibrium even if the
supply is limited by the resource constraint and the depositract allows the possibility of
default.

Lemma 9. The deposit contradt”, 7, s) is an equilibrium only if it is a tangential point of
the iso-deposit supply curve and the credible deposit eahwffer curve. That is, the deposit
supply equals to the deposit demastf?, r) = s(6P, ) = s*.

Proof. Lemma 7 (strictly decreasing and concave iso-deposit gupyl/e) and Lemma 8
(strictly decreasing and convex credible deposit contrante) provide a unique tangential
point of these curves. However, both are fixed in@He- = plane at a specific level of
deposits. Consider the case in which both curves are platt€dthe level that satisfy the
banker’s resource constraint. There are three cases:

(i) two curves are tangent each othef@t*, *);
(i) two curves are apart and never cross; or
(iii) two curves cross twice g, ') and (0%, 72).

In case (i), the tangential point is where the deposit supptydemand are equal and there is
no Pareto superior allocation. Therefore, it is an equiiirin the deposit market.

In case (ii), depositors do not agree with the deposit cohtffer. This is not an equilibrium.

In case (iii), a banker could offer more attractive contradtich is still on the same credible
deposit contract offer curve, but it is an inner point of dapw's’ iso-deposit supply curve.
Then, there would be deposit rationing. In other words, kasmkan offer a little lower
deposit rate for the same threshold and can still take deg®snuch as before. This means
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that the current repayment schedi® is not maximizing bankers’ utility. Therefore, this is
not an equilibrium. Q.E.D.

There still remains, however, how two curves can be tangksdich other for the same level
of deposits. Both the credible deposit contract offer ciamwe the iso-deposit supply curve
are fixed in th&9” — 7 plane at a specific level of deposits.

Lemma 10. The credible deposit contract offer curve shifts downwaitti an increase in
loan ratep” and associated decline in loan default threshétdconsistent with a loan
market equilibrium described in Proposition 1.

Proof. Multiply both sides of (47) by1 — x)s/2p and take a derivative of the right hand side
with respect t” including its effect or’. The sign is equal te-d B(#”) /dp*.

dB(67) L1 o0 oL L 0p"
dpL :(1—H)l—h(p +5)9—Da—pL+((1—)\)(1—5)]€0+ﬁ6 (/{Zo"—l) a—pL_T H,
(50)

whereH andh are evaluated &” /0" and note thabd* /0p” < 0 (Proposition 1).

Rearranging this,
D
WBOT) gy be
v (51)
oL 90 . h oot
H Wa—pLe (ko + 1)~ — —ODHa—pL(p + )+ (1= X)(1—08)ko | -

The fist line is positive as long asis small relative to the loan amouhtBy comparing the
second line to bankers’ loan contract offer (i.e., defaattision by borrowers) (12), if the
coefficient of the output in the first term in the bracket ig&rthan or equal to the
coefficient of the loan rate with depreciation in the secantht whole second line is positive

or zero. This condition is
oL opr lh 06"

— >
602 9p- = 9P H dpL’ (52)
equivalently,
QL
>
that is, . .
0 he* /0
>
P — H (54

This condition is satisfied if the elasticity of the cdf ofadiyncratic shock at” /6" > 1is
less than one (becauge/0” > 1). Itis indeed so by Assumption 4.

Therefore,~dB(0)/dp" < 0. Q.E.D.

Proposition 3. In an equilibrium, a unique set of loan rate and associatexhldefault
threshold(p”, #*) supports a unique set of deposit rate and associated degefsitilt
threshold(p?, #”) for some deposit amoust
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Proof. Because the change in loan ratedoes not bring any effects on the iso-deposit
supply curve, Lemma 10 implies that, by appropriately ciapthe loan rate and associated
loan default threshol@p*, #X), there is a unique set of deposit rate and associated deposit
default thresholdp?, 67), at which point the iso-deposit supply curve and the credibl
deposit contract curve are tangential each other for sopesiteamount. Q.E.D.

Corollary 1. In the deposit market partial equilibrium, the deposit amiis increasing in
the loan ratep” that supports an equilibrium deposit contract.

Proof. Closer the iso-deposit supply curves are to the origin ofither plane, higher the
deposit rate and lower the deposit default threshold, imgliigher the deposit supply.
Then, Lemma 10 implies that the higher loan rate is neededatomwith the higher deposit
supply by shifting down the credible deposit contract curve Q.E.D.

E. General Equilibrium

Proposition 4. Given a banker populatiopn, there exists unique equilibrium loan raté,
deposit amount, and loan amount. Moreover, these pin down also unique equilibrium loan
default threshold”, deposit ratep” (and spreadr), and deposit default threshoft? .

Proof. In the deposit market partial equilibrium, the deposit antaus increasing with loan
ratep” (Corollary 1), while in the loan market partial equilibriutime loan amountis
decreasing with loan raté (Proposition 1). These “deposit” curve and “loan” curve ban
drawn in thep”-(s, 1) plane.

Because in the general equilibrium, the resource constmards to be met:

e, 2p

I*=s"+ mk{? . (55)
Shifting up the “deposit” curve bgu/(1 — 1)kE, the unique general equilibrium loan rate
and loan amountp'*, I*) is found as the cross point of the shifted-up deposit curdetae
loan curve. And, the equilibrium deposit amount is derivgddb).

Moreover, givenp*, *), the default condition (i.e., loan supply function) pinsatothe
equilibrium loan default thresholéF*. Given these equilibrium loan market variables and
given the equilibrium deposit amount, the cross point ofiseedeposit demand curve and
the credible deposit contract curve provides the generaliequm deposit rate and default
threshold p”*, #”*) as well as associated spread Q.E.D.

Proposition 5. The banker population is determined uniquely in the decentralized
equilibrium.
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Proof. (TBD: Sketch) First, the entrepreneur valié is decreasing with higher banker
populationu. In the pX-(s, 1) plane, higher banker populatipnimplies lower loan rate*,
larger loan amountper borrower, and smaller deposit amosiper depositor. In the deposit
market, in the?” -7 plane, lower loan rate shifts up the credible deposit cohttier curve
and smaller deposit amount also shifts up the iso-depgsjtigwurve. This means that the
new spreadr is higher (deposit rate” is lower) and the deposit default threshéfdis also
higher. In the loan market, in th##-p* plane, higher loan means lower loan rate and
ambiguous effects on the loan default thresididOverall, the borrower gains and the
depositor loses. From the expected utility point of viewwkwer, choosing entrepreneur as a
occupation becomes more riskier and thus less value. Settendanker valu& ? is also
decreasing with an increase of banker population. A baslkecome is essentially a spread
income times relative size, x s « (1 — ) /p. If almost all choose to be bankgr~ 1, then
only a tiny portion of people produce and exchange capital thereford/? ~ 0. While in
the other extremg ~ 0, as long as some positive spread is paid, a banker’s incontariee
very high due to high level of capital exchange and more irgmly due to almost infinite
leverage (i.e., relative size).

Both V¥ andV? are decreasing but the slope of the latter is steeper. AAtl, banker’s
utility V2 =~ 0 as shown above. But, the entrepreneur is essentially akautevel, thus
VE > 0. At =~ 0, banker’s utilityV’? — oo while the entrepreneur’s is bounded by the
finite value achieved in the Walrasian equilibrium allocati Q.E.D.

V. SocIALLY OPTIMAL ALLOCATION

A. Welfare Theorem

The optimal allocation is characterized as follows.

Definition 2. The constrained social optimal allocation is the solutioritie social planner’s
problem in which the social planner faces the same restmatias the private agents given in
Assumptions 1 to 4. Specifically, the social planner maesnx ante utility of a banker

VB (k) subject to the occupational arbitrage condition (£1)This maximization is carried
out by optimally choosing the capital allocatidf,and s°, the consumption allocation
represented by the loan repayment schedtfie(/, A, ¢) and the deposit repayment schedule
RP°(s, A), and the the number of banks

Proposition 6. The decentralized equilibrium achieves the constrainetasoptimum. That
is, it achieves the constrained social optimal allocatioveqy banker’s populatiop, which
then is determined optimally.

The proof is straightforward and omitted. There is no exkiynto break the link between
the decentralized equilibrium and the social optimum inrtteelel. First, there is no

IMaximizing VP with a conditionV ” = V£ will yield the same allocation.
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technological externality that affect Lemma 9. Secondahee the occupational arbitrage
equates the banker’s and entrepreneur’s utility and eweryofully employed, there is no
externality associated with the number of bankers in Pritipos.

The two factors of the loan contract, that is, threshidléind loan rate)”, are determined
almost mechanically by technological factors such as thiéicegtion cost and limited

liability. As such, there is no difference between the maniigpbanker’s solution and
competitive bankers’ solution on relative allocation obtfactors (and thus implicit relative
price). This carries over to the social planner’s solutibhintroduce price in the
decentralized economy a la Prescott and Townsend (19&4)rite of the equilibrium loan
contract is indeed “one”— there is no surcharge providirggltan contract and no rents are
earned by banks.

As for the deposit contract, the relative weight of rigkand returrp® is uniquely
determined at the tangential point of the deposit supplyderdand. This carries over to the
social planner’s problem.

The occupational arbitrage constraint implies that basgiead income plus the rents from
selling deposit contracts are equated with the income oépreneurs. The extra rents to sell
deposit contracts are uniquely determined at zero. Andetiseno distinction between social
and private solutions.

B. Walrasian Equilibrium as the Limit

Throughout the paper, | consider the general cases in whechdrification cost is strictly
positive and the limited liability constraint is bindingol¥ever, for a reference, in this
section | analyze a “complete” market case as the limit ohtloelel. Here, the verification
cost is assumed to be almost zero and there is no limiteditiad@iherefore, the loan and
deposit contracts take a form of equity contracts as the birdebt contracts. This result
follows in spirit that of Townsend (1978) on costly bilateeachange.

Proposition 7. If there is almost no financial frictions, that is, the veriion cost is close to
zeror ~ (0 and the retained assets after default is z&re 0, then deposit and loan contracts
can take a form of equity (complete contract). The equiliorivith complete deposit and
loan contracts mimics the Warlasian competitive equilibriand is the first best.
Specifically, the equilibrium deposit and loan rates areshme in the limit and so do the
deposit and loan amounts. A small number of (i.e., measuod anks intermediate the
capital. The optimal capital ratio of banks are (almost)@efs a result, consumption is
almost perfectly shared equally among all households.

Proof. (Sketch)The positive spread between deposit and loan rates istifrio the
production sector. The smaller the spread, the larger isuhguts. Thus, a smallest number
of banks should intermediate capital from the social plasmpmint of view. In the limit, the
deposit-loan rate spread becomes zero with the same depddiban size. With zero spread
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and compete contracts, the idiosyncratic shocks are sparéectly among all agents. As
Proposition 6 still applies, this allocation is also sugpdrby a decentralized
equilibrium. Q.E.D.

C. Optimal Bank Size and Capital Ratio

A remaining question is the optimal size of the banking seictan economy with sizable
financial frictions. A depositor faces shock-contingeoime up to the thresholtf and

then flat income?” from full deposit repayment. With large enough variatiamghie
aggregate shocks, there are sizable chances that depegitstaepaid in full. Then, the
depositors would prefer the more insured contract thatigesva same expected return with
a lower deposit rate but also with a lower default risk. A bamddso prefers to provide this
insurance contract, implying that he will have strictly pioe capital.

Proposition 8. In the constrained social optimum and hence in the decanéal
equilibrium, the banking sector size is sizaple> 0. This implies that the optimal capital
ratio is strictly positive.

Proof. Suppose that the optimal banking sector giZze measure zero (as is the case with the
optimal complete market in Proposition 7). Then, the sprea(almost) zero. The loan and
deposit repayment schedules are the same by arbitragefi&bg there is one threshold

6L = 6 below which both borrowers default and bankers defaultolshelow that this
deposit contract is not constrained Pareto optimal.

First, a depositor prefers the deposit contract which giresame expected return with less
volatile repayment. Here, less volatile means a lower gplayment (i.e., lower deposit rate
pP) but with lower threshold and higher repayment in case okbes default. This contract
(partially) insures depositors’ income for the combinddsgncratic and aggregate
productivity shocks and thus it is preferred by a risk avelesgositor.

Second, the partially insured contracts can be indeed nlegigo that the overall repayment
has the same expected values. A banker can make such a tbgthaaditing deposits and
loans given his endowed capital. Essentially he uses hitatag a buffer to depositors, so
that the default thresholt’ will be lowered. Because the new contract is assumed to give
the same expected repayments to depositors, the bankégrismgfa lower deposit rate”

for the same loan ratg”. This change of the deposit rate is denoted by the increabe in
spreadA\ 7 from zero.

Third, | can show that a banker strictly prefers the new @mtt+the lower expected value
with less volatile deposit repayments—given prevailingn@ontracts?’*(I, A, ¢) and the
amount of deposit per depositor. Consider drawing the original and new dépegayment
schedules with the aggregate shock realization on thesead the repayment on the y-axis.
Let ¥ denote the new threshold of default by the banker.
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(i) The depositor’s gain is strictly larger than the the flatagram made by the original and
new contracts below the new threshold of the default. At tbestwcase at the originA = 0,
repayment is the seized asset adjusted for relativeusize- \)(1 — 6)k%. Under the
measure zero banking sector, this is equal to zero. So, fwsder’s gain at the origin is

w(1 — \)(1 —6)kE, wherew is the relative size of banking sector under the new contract
This is the amount that shifts up linearly the recovery rédtgeposit contract in the default
region. The new default region is from zeroXf6”). Overall gains include the triangle area
stemming from the difference of default thresholds underatiginal and new contracts. The
parallelogram excluding such triangle area is smaller tharoverall gain. Therefore,

Gain > Gain = w(1 — \)(1 — §)kF M (0"). (56)

(i) On the other hand, the depositor’s loss is strictly lowen the upperbound of the loss,
which is measured by the rectangle made by the change in teadspnd the cumulative
probability above the new threshold. That is,

Loss < Loss = Am(1 — M(67)). (57)

(iif) Because the new contract is supposed to have the sapge®d returns for a depositor,
the gain and the loss must be the same. Therefore, the lowmdlod the gain must be strictly
lower than the upperbound of the loss.

H(0")

A > (1= N\)(1 — 5)1{;5?@.

(58)

(iv) Because the current banking sector size is almost ten@luate this at the limit — 0
to see the profit of stemming from a new contract only sligttfferent from the current one.
The limit value is positive:

lim A7 > 0. (59)

1—0

(v) This implies that the increase in the spread by introdgithe new contract is strictly
positive—the spread is literary an insurance premium. \tfiehnew contract, a banker will
have a higher income per deposit in case not defaulting iitiaddo a lower default
probability.

(vi) By limiting loans and deposits, the total income coutbme less because the total
income is affected by the spread times deposits. But, réeallthe spread under the original
contract is zero. Thus, the total income also increases fienmwith the new contract, which
can be only slightly different from the original contract.

In summary, both a depositor and a banker prefer a new congigen the same loan
contract (i.e., the same utility for borrowers). Therefdhe optimal capital ratio must be
positive in the constrained social optimum. Q.E.D.
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VI. PoLicY IMPLICATIONS

A. Bank Bailouts

| consider an expected bailout of bankers by a governmeicifigally, a bailout policy is
defined as guaranteeing a banker’s income in case that arbaoutl default without the
bailout policy in order to enable a banker to repay depositall. The government finances
the transfer to a banker by taxing everyone ex post. Thigigg®en represents the actual
bailouts (see e.g., Landier and Ueda, 2009).

Assumption 5. A government can collect tax from those who defaulted.

It is legally and politically difficult to tax those who defised. However, in reality, the
bailout funds are financed by government bonds, which themorent repays over time, for
example, by inflation tax on monetary assets or income taxuomam capital (though not
modeled here explicitly). In any case, those who defaultéicewd up contributing the
bailout expenditure in reality.

Definition 3. A “transparent” bailout transfers funds to depositors viarikers without
benefitting bankers, while an “untransparent” bailout béitebankers directly.

A transparent bailout is a good insurance for depositorseatdst of borrowers. Depositors
can have the perfectly constant deposit repayment withaieui policy for any realizations
of the aggregate shocks but they also need to pay tax ex post to finance the bailout
policy for negative aggregate shocks. The net-of-tax dépggayments are not perfectly
constant:

RE, (s, A) = (p” 4+ 6)s — k(A), forVA € [A, A]. (60)

A borrower needs to pay tax, too. His consumption is changed t
eAef (ko + 1) — RF(1, A, €) — k(A). (61)
Under a transparent bailout, when a banker faces defaalgdtiernment transfers funds to a

banker just to repay the deposit in full so that the banke®stpx consumption schedule
cB(A) is the same as before, described in equations (21) to (23).

Transfer occurs only when the aggregate shock is lower tiabanker’s default threshold,
6P < A. Per entrepreneur transfer is the difference between thieeba retained asset (21)
and what a banker would consume without retained asset (23):

/<;(A)—2—M((pDJré)l;u’us—B(A)—(1—>\)(1—5)k§), it Ac[A00)

=15
(62)
Otherwisex(A) = 0.
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Under an untransparent bailout policy, the banker’s comgiaom also increases byfor the
realization of aggregate shock lower than the banker’suliefareshold plus this additional
transferfb, + k < A. The transfer is simply shifted upwards by the additiorehsfer,

R(A) = 2 ()P +6)D — B(A) — (- N1 -6k + ), i Ac[A+r 0D

I—p
(63)
Otherwisex(A) = k.

Proposition 9. A transparent bank bailout is welfare improving.

Proof. Suppose the repayment functi®? and R* were not reoptimized. With a transparent
bailout policy, bankers do not gain or lose. The depositacstarrowers would share the
cost of bank defaults while without it the borrowers would sleare. The depositors would
be better off but the borrowers would be worse off. Howewernfex ante point of view, an
entrepreneur could reduce the expected consumption htglatemming from uncertainty

for talent shocks that makes an entrepreneur either a berroma depositor. Therefore,
better sharing the risk between a depositor and a borrowerlgrge negative aggregate
shock is welfare improving for an entrepreneur before kmowiis talent shock. By the
occupational arbitrage, the banker’s utility must be hrgtao. In addition to this gain, there
would be a gain from reoptimized repayment functions. Q.E.D.

The debt contract with limited liability implies that the ioowers and bankers are perfectly
insured for a very low realization of aggregate shock whikedepositors face the
consequences. If there is a way to redistribute the borswetained assets to the
depositors, the ex ante overall welfare improves. Giverithiéed liability laws, one of a
few is to use the tax system. If there is no limited liabilitydathere is nothing left to the
borrowers, then the bailout policy does not do anything.t@Ml collection is done from
depositors to pay themselves because firms and bankers goss#ss anything when
bankers default? But, if there is some still left in the hands of borrowers aadbker who
defaulted, depositors (and everyone in ex ante) would kerbaff to tax those assets.

B. Optimal Tax-Transfer System

If a government can tax on the relative loan repayment fon éacrower at rate conditional
on even idiosyncratic shocks and vary tax rates betweensttep®y borrowers, and bankers,
the economy could move toward even better allocation bycediely nullifying the limited
liability constraint in the social planner’s problem.

In this optimal allocation under nullified limited liabijita borrower internalizes the
expected tax and the loan amount become smaller. The bamlariand for deposits lowers
and credible demand contract offer curve tilts flatter betbe general equilibrium

121 this case, however, taxing depositors and then transfaego bankers and firms would improve the overall
welfare from ex ante point of view.
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consideration—the effect of lowert in (47) is a higher intercept and a flatter slope, asking
for a higher spread with a lower threshold. There will als@lggeneral equilibrium effect.
Due to a higher entrepreneur’s utility, a banker populatiamould be smaller than in the
economy without any bailout policy and even than in the econwith bailouts under
conventional tax(A). With this general equilibrium effect, the banker’s crédidemand
contract offer curva? (97, 7) shifts downward than in the case of the conventional tax. The
equilibrium spread is now smaller and the default threskblulld be lower than in the case
of the conventional tax(A).

If the government raises (consumption) tax from bailedbautkers, the allocation become
more similar to the first best. However, tax-transfer sydbased on idiosyncratic shocks are
usually difficult to implement.

Under the conventional tax poliey A), which is conditional only on the aggregate shocks,
there can be several ways to correct the number of bankerassodiated capital ratio. |
discuss pros and cons of several policy implications below.

C. DepositInsurance and Double Liability

A deposit insurance scheme can achieve the similar weligpeavement by a transparent
bailout. A deposit insurance can be defined as a protectrahejoositors’ income in case that
a banker would default. The government is assumed to fulnfie the transfer by taxing the
bankers, ex ante. This “taxing bankers ex ante” is the diffee from the bailout policy

which is “taxing everyone ex post.” | further assume thahé tollected insurance premiums
are not used, the funds will be paid back to bankers, so tkahgurance fees are determined
ex post and funded by tax.

| assume that the depositors will not lose the face valueetidposit—that is, a full
coverage deposit insurance. Also, consider an unconvaitsystem that are funded ex post.

Proposition 10. The full coverage deposit insurance with ex post tax fundomgd create
more bank defaults but improves the overall welfare as mgdhessparent bailouts.

Proof. (Sketch) The same as a transparent bailout with also coltetax from bankers. The
depositors are better off because of the deposit insur&wtb.borrowers and bankers bear
costs. The iso-deposit supply shifts outward as before efi'thr plane. The credible
deposit contract offer shifts upward and flattens to askdrigpread to compensate the loss
(with uncertain effect on threshold). Because the bankersvarse off than in the economy
without such deposit insurance, less people becomes mnkas general equilibrium
effects (i.e., higher leverage) partially correct the jphgquilibrium movements just
described. Q.E.D.

If the fees are collected ex ante as usual, however, the nealtteriorates.

Corollary 2. The full coverage deposit insurance with ex ante fees daasipoove welfare.
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Proof. The full coverage deposit insurance is essentially the sesmestricting the bankers’
offer of deposit contracts to be very safe, zero thresk8le- 0, associated with very low
deposit rate (or high spread to pay the insurance fee. This restriction on the bankdfsi®
of deposit contracts is an obvious distortion to the economy Q.E.D.

Note that a partial coverage deposit insurance—cover tharhount down to the
government-set threshofid —with ex ante fees would create the similar distortion adfte
coverage version. Essentially, the bankers are constténehoose the deposit repayment
schedule and thus the welfare decreases.

Note that the unlimited liability or “double liability” of &nkers as in the pre-Great
Depression in the U.S. would not wotkIf bankers always have to pay deposit in full
(unless their consumption becomes zero), then bankerbemnes that assume all the tail
risks. This is not the optimal risk sharing among differgmues of agents and thus is not the
optimal. The key friction is not the “limited” liability itslf but rather the limited liability
being noncontingent to the aggregate shocks. A transpbadotts can fine tune the limited
liability, making it contingent to the aggregate shocks.

D. Fiscal and Monetary Operations

A transparent bailout can be mimicked by fiscal and monetpeyations. Recall that a
transparent bailout is such that depositors receive tear$fl), which is financed by:(A)

tax on borrowers. This(A) tax revenue is given to bankers and then bankers need toeise th
same sum to repay deposits. This is “net” tax-transfer ayste gross terms, the transfer to a
depositor i22x(A) andx(A) tax is levied on everyone. In this case, a bank also pays xhe ta
but receive the same amount, canceling out each othet.tBéltax revenue from borrowers
are injected to banks and used to repay deposits in full asdef

These operations do not need to be done simultaneously. é&goment instead can use
bonds to defer the timing of the transfer and tax revenues aien the case. The bonds
amount of2x(A) is provided for free to bankers, who use them to repay depwsfull.
Then, later, at the consumption stage, a government cellactfrom everyone at ratg A)
to repay bonds. This is a simple fiscal operation that achtexéransparent bailout.

In a monetary economy, monetary policy can also be usediditéise, all contracts are
assumed to be nominal. In the end of the period, instead girgtax, inflation can be
created so that walked-away borrowers and bankers havpuessasing power out of
retained assets. This inflation tax should be set equal todhsumption tax case above (i.e.,
k(A)). Also, instead of real bonds, money can be injected fortivdgnkers. Amount of
money should be adjusted for future inflation so that realevéd the same as the scheme
using the real bonds.

13See a history and theory paper by Kane and Wilson (1998) aedhairical work by Grossman (2001).
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Different timing of inflation might work. If inflation is craad after production but before
repayment, real debt obligations become smaller and rasenwutility from retained assets
become smaller, so that borrowers and bankers would redayl mominally even in crisis.
The real repayments to depositors become also small sogpasdors remain vulnerable as
in the case without any policy actions. Still, the transpal®ilout outcome can be achieved
if the government compensate depositors directly usirgneeage. However, the direct
transfer to depositors would face difficulties to implement

Although fiscal and monetary operations can have the sameatipns, the implementation
speed may be different in the real world. If a central bankdependent from politics, it can
implement this efficient bailout quickly. This is not the easith fiscal operations. On the
other hand, without political scrutiny, the bailout mightolve more of the inefficient
transfers.

E. Macro Prudential Regulations

In the current regulatory environment, the capital adeguaiio ¢ is subject to the minimum
regulatory requiremerit This can be expressed as

B
-0

> q. 64
(=524 (64)
Proposition 11. Introduction of the capital adequacy ratio regulation adided in (64) is

either redundant or welfare decreasing in an economy witlaountransparent bailout.

Proof. Proposition 8 says the optimal capital ratio is positivenireaonomy with debt
contracts. By Proposition 5, bankers hold strictly positapital by themselves in an
equilibrium which is the constrained social optimum. Tlere, the capital adequacy ratio
requirement is either binding (i.e., welfare decreasingjai binding (i.e.,

redundant). Q.E.D.

Note that there are two sources of inefficiency. First, whig ¢apital ratio requirement, there
will be more bankers with less customer base and a higheadpoecompensate less
customer base. Second, with a sizable positive spread aulting wedge between the loan
and deposit rates, the marginal product of capital wouldebs €quated between the
borrowers and depositors. When= 0 (complete market case), with the capital adequacy
ratio requirement, the economy cannot reach the limit thatios the first best, Walrasian
equilibrium.

Corollary 3. When the capital adequacy ratio requirement is introducethe economy with
the bailout policy with the conventional tax syste(), there will be more banks with a
higher capital ratio and a lower spread but also with a higlpeobability of bank bailouts.
The overall welfare becomes worse.
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Proof. A banker needs a higher spread to satisfy the same defaestibid due to the lower
leverage. The banker’s deposit demaf@?, =) shifts upward and flattens as a result. This
implies that a higher spreadand uncertain movement on threshéfi Moreover, the

capital adequacy ratio requirement, if binds, makes barkerer utility. Q.E.D.

Remark. If too large transferx is already present, introducing the capital adequacy ratio
can mitigate a unnecessarily high incentive to become adradmklowering bankers’ utility.
Introducing a bank levy to lower the (present value of) tfansvorks as well.

Basel Il now includes the liquidity ratio regulation. Itrcde considered as ex ante fiscal
operations as long as liquid assets are defined as goverbowras. In the beginning of the
period, a government gives away certain amounts of bondartkdand ask them to hold
them. If the productivity shocks are good enough, no baslané necessary. In this case,
returns from borrowers are enough to repay deposits. Unuseds are asked to be returned
to the government for free. If shocks are very low, banks wselb to repay deposits in full.
The government repays bonds by tax from everyone. This isghe as the efficient bailout
scheme.

In a more realistic case, a government does not give awaysdaurtchsk banks to buy them.
In this case, a government raises some revenues (real gaudigjaces them in storage. In
the end, if there is no need to bail out, the government repagds to bankers using stored
goods. If there is a need for bailout, banks use bonds to régagsits in full. The
government repays bonds to depositors using stored gobdssdheme is also similar to the
one above except that only banks pay tax in the form of foregdimase of government
bonds. By doing this, bankers’ utility would be lower andrttsnaller number of agents
want to become bankers, implying higher loan to capitabrpéir banker than the optimal.
The capital account ratio regulation can be used to mititiasedistortion to make artificial
monopoly rents for banks lowering utility levels of entrepeurs. However, this scheme
seems too complex to implement and to be evaluated if thisesithe efficient bailout.

In a monetary economy, the above scheme could be improves tiNogovernment sells
nominal bonds to banks. In case of good shocks, the govetroreates deflation and repays
banks more than it raised. Depositors also gain and borsolese. In case of bad shocks, the
government creates inflation to compensate the tax thasskalrdady paid. In case of bad
shocks,

In any case, CAR and liquidity ratio regulation should bexeld when economy receives
bad shocks and capital and liquidity are used to mitigatetisés impact.

VII. C ONCLUSION

| study optimal banking sector policy design against exogsrcrisis probability based on a
general-equilibrium framework with realistic financialtions, namely, costly state
verification, limited liability, and simple renegotiatioMoreover, | assume endogenous
banking sector—a banker is an occupation and banker’s ia¢emquated with
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entrepreneur’s in expectation. Entrepreneurs are fusiieed to either borrowers or
depositors depending on the talent shocks they draw. Thigpational choice—the labor
allocation—is a possible place where a policy may distoanigr’s income stems from the
spread between deposit and loan rates. The loans and deptisit capital allocation—are
affected by the spreads, which a policy may distort, too.

The optimal loan and deposit contracts take a form of a standkbt contract because of
costly state verification in bank lending. The optimal baagital is positive to provide a
buffer to depositors and bankers themselves. And, the hgrddctor is sizable. However,
when a large negative shock hits, both borrowers and bamiarkl walk away with retained
assets because of limited liability protection. The dejoosiwould assume all the tail risk.
This tail-risk dumpingproblem creates the occupational choice too risky.

A government-led bailout of banks, if transparent, can meprwelfare as it acts as an
insurance scheme. As it makes the limited liability congtr be contingent on the
aggregate shocks, a bailout will mitigate tiad-risk dumpingproblem. The deposit
insurance, if funded ex post by tax, can mimic such a tramspdnailout. Some form of
liquidity ratio regulation works too.

However, note that, a bailout is welfare improving only ihlka and borrowers are too much
protected by limited liability. Moreover, if a bailout is hitvansparent and directly beneficial
to banks, it distorts the factor allocation. This leads large a financial sector with too
small outputsiGcome shiftingy Capital adequacy ratio requirement or a bank levy hasea rol
to play in this case.
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