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What we did last class

@ Overview of banking research in finance and economics
@ Classical papers on the asset side of banks -> why bank issue loans
and credit lines

o Delegated monitoring (Diamond 1984) -> benefit of delegated
monitoring comes from diversification benefit of monitoring many
projects, which alleviates bankruptcy costs. The debt contract offered
to depositors facilitate the intermediary to monitor.

o Liquidity provision for entrepreneurs(Holmstrom and Tirole 1998) ->
Moral hazard results in limited pledgeable income and thus liquidity
needs. Banks exist as there is a need for providing such liquidity
through credit line.
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@ The liability side of banks -> Why banks issue demand deposits

e Liquidity provision for customers (Diamond and Dybwig 1983) ->
customers may be subject to liquidity shocks -> banks provide liquidity
to such customers thus avoiding the need to liquidate long-term
projects at a loss -> an unavoidable risk of bank run.

o Liquidity provision (Dang et al. 2017) -> old customers may be
subject to liquidity shocks -> banks provide liquidity to such customers
through funds from new customers thus avoiding the need to liquidate
long-term projects at a loss -> banks need to suppress information
acquisition of new customers to ensure successful liquidity provision
(Hirshleifer effect)

Xu Jiang () BA 932 Session 5 Research on the liability sid February 13th, 2024 3/42



Fundamental question of the finance and economics

literature on banking

@ Fundamental question: how to explain the existence and various
features of banks (or, equivalently, financial intermediation)?

@ The definition of a financial intermediation (Gorton and Winton
2003):

1. Borrow from one group of agents and lend to another (i.e. demand
deposits on the liability side and loans on the asset side)
Question: why cannot those group of agents transact with each other?
Why are the optimal securities debt?

2. The borrowing and lending groups are large
Question: why need to be large?

3. Claims issued to borrowers and to lenders have different state
contingent payoffs
Question: why are those claims different?
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Fundamental question on banking continued

@ Banks also differ from non-banks in the following features:

1. Banks are more opaque
2. Banks have a fragile capital structure (subject to runs)

@ Theories on banking attempt to provide justification to the existence
and the features of banks, either from the asset side or from the
liability side, or from both sides.
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Diamond and Dybvig (1983)- Banks as liquidity providers

for consumers

@ Provide a justification for the liability side of banks’ balance sheets;
partially addressing definition 1 and feature 2.

@ Projects generate higher returns over the long-term, but consumers
may have private, uninsurable liquidity needs in the short-term.

@ Without a bank, consumers with liquidity needs have to prematurely
liquidate projects (with a loss).

@ A bank can provide liquidity by gathering all consumers’ endowment,
pay those who have liquidity needs in the middle a higher amount.

@ It also comes with a risk of bank-run: if all consumers believe that
others will withdraw in the middle, everybody will withdraw regardless
of liquidity needs; the bank will then fail.
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DD 1983-Model setup

@ Three periods t = 0,1, 2.
@ An illiquid production technology that produces a return of R > 1 at
date 2. If having to liquidate at date 1, the return is 1.

@ All consumers are identical at date 0 with an endowment of 1. At
date 1, each learns privately that whether they only value
consumption at date 1 (type 1) or only value consumption at date 2
(type 2). However, type 2 agent can always store consumption goods
at date 1 and get a return of 1 from carrying to date 2. The ex-ante
probability that each agent is of type 1 is t € (0,1). Technically,

Ulat, ) = {

u(cp) for type 1 agent
pu(cr + ¢p) for type 2 agent

where & < p < 1 is the standard discount factor and u is strictly

cu’(c) S 1.

increasing, concave utility function with — o)
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DD 1983- First-best, when types are observable

@ Agents can contract between each other that explicitly specifies
consumption for type 1 agents at date 1 and for type 2 dates at date

2, i.e. type 1 agent consumes c1 and type 2 agent consumes c22*

that satisfies
u'(cf*) = pRu' ()

ES
S
R

@ The first-best solution satisfies 1 < cl* < c3* < R.

and

tel* +(1—t)2 =1
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DD 1983- First-best, when types are observable

@ Consumers can write insurance contract with each other that specifies
consumption allocations in different dates for different types: cf, ¢?

and c22 (superscript for type and subscript for date):
max [tu(cll) + (1 —t)pu(ct + c3)] st.

1 1 2
2
tef +(1—t)(cf + %) = 1. (budget constraint)

e Since only the sum of ¢ + ¢ matters, one should set ¢Z = 0 and the

2
budget constraint becomes tcf + (1 —1)% = 1.
@ Insert the budget constraint into the objective function and first order
condition with respect to ci results in

t'(e") = (1= t)pu' (") 7— =0,
which is equivalent to

u'(e”) = pRu'(5").
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DD 1983- First-best, when types are observable

e pR > 1 implies that ' (c}*) > u/(c2*) and therefore cl* < c2*.
o Finally,

pRU'(R) < RuJ'(R)

< J(1).

o Therefore 1 < ¢f* < c3* < R.
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DD 1983- When types are not observable

@ Problem: Even if | am a type 2 agent, | can claim that | am type 1
and get ci*. | can then store those, consume at date 2 and enjoy my
date 2 assumption as well. Knowing this, every type 2 agent will
claim to be type 1. Since ci* > 1, we run out of resources.

@ As a result, each agent only produces for own consumption, i.e.
ct =1, c2 =0, and ¢ = R. From an ex-ante perspective, everybody
is worse off.
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DD 1983- Better solution when types are not observable

@ Solution: a bank that offers demand deposit contracts.

@ The bank acts as a social planner, collects all agents’ endowment and
invest in the illiquid production technology. The bank offers all agents
a demand deposit contract.

@ Any agent who wants to withdraw at date 1 gets a return of r; until
the bank runs out of resources. All agents who withdraw at date 2
gets their share of whatever is left.
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DD 1983- Bank solution

@ Technically, for any period 1 withdrawal agent,

r if 6 <1
Vi(fi,n) = 1
1(6.n) {Oifszl
where f; is the fraction of withdrawals before agent j withdraws
(sequential service constraint)
and for any period 2 withdrawal agent

R(1 flf)

Vo (f, ) = max{ .

0}

where f is the total fraction of withdrawals at date 1.
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DD 1983- Bank solution

@ It is possible to choose r; = c1 and if only type 1 agents withdraw at
date 1, then V,(f, r1) = c3*. For type 2 agents, waiting is incentive
compatible as waiting generates higher returns
(R(ll%cl}“t) = c2* > ci*). First-best is therefore achieved.

@ However, if type 2 agents believe that a sufficient number of type 2
agents will withdraw, type 2 agents will choose to withdraw as well

(as otherwise c? = 0 < r1), resulting in bank runs.

Xu Jiang () BA 932 Session 5 Research on the liability sid February 13th, 2024 14 / 42



DD 1983- Solution 1 to remove bank run -> Suspension of

convertibility

@ Same contract as above plus the restriction that any agent will
receive nothing after a fraction f < % of all deposits have already
been withdrawn at date 1. Technically,

and

@ Suspension of convertibility works only if Vo(f, i) > Vi(fj, ),
resulting in type 2 agents having no incentive to withdraw at date 1.
Setting f = t will make sure that all type 1 agents are able to
withdraw and first-best is achieved. Of course, this works only when t
is known and deterministic. When t is stochastic first-best is not
achievable.
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DD 1983- Solution 2 to remove bank run -> Deposit

Insurance

@ Intuition: deposit insurance guarantees type 2 agents the first-best
return at date 2 so type 2 agents have no incentive to withdraw at
date 1. Deposit insurance can be funded by taxing withdrawals at
date 1 of type 1 agents and the tax rate can be chosen optimally so
that whoever provides deposit insurance breaks even.

@ Such guarantees of depositors that withdraws at date 2 can be funded
through tax of withdrawals at date 1. In equilibrium no distortion as
there is no excessive withdrawals at date 1 -> a feature of there being
no uncertainty in the production technology
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DD 1983- Deposit insurance solution

@ The tax scheme can be designed as follows:

_— {1— iff<t
ol 1-LtifF>t

rn

cf*(f)
n

where t is the largest possible realization of t.

@ Thus, after-tax proceeds for withdrawals at t = 1 is

cH(F)iffF<T
1iff>t

Vi(f)=(1—1)n = {
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DD 1983- Deposit insurance solution

o Payoffs for t = 2 agents are

[tnf+(1—fm)]R {R“—fj’;“)” — () ifF<T

Va(f) =
2(f) 1—f Rif f>7

o Clearly, V1(f) < V4(f) so no type 2 agent will withdraw at date 1.
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DD 1983- Takeaway and implications

@ Investors’ private liquidity shocks generate a demand for liquidity,
which is met by banks by issuing demand deposits.

@ Banks are better than markets because demand deposit is not
information sensitive which allows for risk-sharing (Hirshleifer 1971,
same theme also appears in Dang et al. 2017). However, demand
deposit also subjects banks to runs.

@ Implication 1: the higher the demand deposit rate, the more prone
the bank is to runs.

@ Implication 2: the larger the proportion of investors subject to
liquidity shock, the more beneficial bank is (relative to market).
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DD 1983- Issues

@ Demand deposits cannot be traded and no consideration of other
security markets.

e Jacklin (1987) argues that firms that issue dividend-paying shares at
date 0 can achieve exactly the same smoothing role (i.e. demand
deposit is not the uniquely optimal arrangement). Type 1 consumers
can sell shares to Type 2 consumers at date 1 and achieve first-best.

e Jacklin (1987) also shows that first-best is not achievable if demand
deposits can be traded as type 2 consumers can still pretend to be
type 1 consumers and trade demand deposits.

e Diamond and Dybwig (1983) exhibit multiple equilibria, which makes
it hard to provide policy implications of whether banks’ consumption
smoothing role is socially desirable.

e Goldstein and Pauzner (2005) introduces global games technique in
Diamond and Dybwig (1983) so that there is a unique equilibrium.
GP goes on to show that despite the occurrence of bank runs, banks’
consumption smoothing role is socially desirable.
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Dang et al. (2017)- Banks as secret keepers

@ A firm with a long-term project needs financing. An investor can
provide the financing. The problem: the investor (denoted as the
early investor) has liquidity needs before the return of the project is
realized.

(Partial) solution: there is a late investor. The firm can raise money
from the late investor and use the proceeds to (partially) satisfy the
liquidity needs of the early investor. Subsequently the return from the
project can be used to pay the late investor (and the early investor).
Benefit of funding the project through opaque bank (demand
deposit): late investor has no incentive to acquire information so
payment to early investor is not risky (i.e. safe liquidity); i.e.
risk-sharing is improved ala Hirshleifer (1971).

Cost of funding the project through opaque bank (demand deposit):
if the project is more information-sensitive, the late investor may be
tempted to acquire information; being opaque then reduces the
amount of liquidity bank can produce and thus the amount of loans.
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Dang et al. (2017) - Banks as secret keepers continued

@ Bottom line: Firms with sufficiently information-sensitive projects
choose non-bank financing (i.e. issuing securities) and firms with not
very information-sensitive projects choose bank financing.

@ Address definitions 1 and feature 1.
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DGHO 2017 - Model Setup

@ Three datest = 0,1, 2.

@ There is a firm, a single early consumer and N > 1 identical late
consumers. There is always a one-period storage technology that
generates a return of 1.

@ The firm has no endowment and Ur = Cgy + Cgp; the early
consumer has an endowment of e at t = 0 and may have a liquidity
need at t = 1, i.e. Ug = Cgo + Ce1 + Cep + amin{Cgy, k}; the late
consumers each has an endowment of e at t = 1 and may have a
liquidity need at t = 2, i.e. U, = Ci1 + Crp +amin{Cpo, k}.

@ The firm has two projects that need w investment for each at t = 0.
One is a lemon project that generates zero output. The other is a
worthy project that generates x > w at t = 2 with probability A.
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DGHO 2017 - Model Setup, continued

@ Assumptions on the projects and endowments: 1. the worthy project
is positive NPV, i.e. Ax > w;2. e >k, e>wbute<k+w (ie.
the early consumer’s endowment can fully cover either the investment
in the worthy project or liquidity need but not both); 3. 2e > 2k + w
(i.e. combining the endowments of both the early consumer and late
consumers can satisfy both the liquidity needs and the investment in
the worth project).

@ Assumptions on bank’s and market's expertise: 1. both bank and
market can determine whether the project is a lemon or a worthy one
at t = 0; 2. late consumers, if having access to the same info as the
bank or the market, can determine at t = 1 whether the project will
generate x or 0 at date 2; 3. banks can choose not to let late
consumers have access but the market cannot; 4. all N late
consumers interact with the market simultaneously but only one late
consumer interacts with the bank.
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DGHO 2017 - Benchmark 1: First Best (can be achieved

by a social planner)

@ The social planner can dictate transfers across customers.

o At t = 0 the planner transfers an amount w from the early consumer
to the firm to finance the worth project. The early consumer saves
z=e—w<k.

@ At t = 1 the planner transfers k — z from the late consumers to the
early consumer.

o This results in E[UFB] = Ax — w, E[UEB] = E[U[B] = e + ak.
Total welfare is
WFB = E[UEB] + E[UEB] + NE[USB] = (N +1)(e + ak) + Ax — w.
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DGHO 2017 - Benchmark 2: Autarky (no banks or

markets)

o Early and late consumers just store their endowment and there is no
interaction with the firm. Therefore E[Uf] = 0,
E[Uf] = E[U}] = e + ak. Total welfare is
WA = E[UP] + E[UR] + NE[U}] = (N +1)(e + ak) < WFB with a
welfare loss of Ax — w.
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DGHO 2017 - Capital markets solution

o At t = 0 the firm issues security to the early investor that pays off
sM(y) at t = 2 in exchange for the early investor's investment. At
t = 1 the early consumer that has only saved z < k can approach the
capital market by selling a fraction 6(y) of the security to late
consumers, who observe y € {w, 0} perfectly at date 1.

@ Proposition 1: Capital market solution generates a welfare loss of
min{a(l—A)(k—2z),Ax —w} < Ax —w.

@ Intuition: since the early consumer cannot sell the security for any
value when y = 0 (i.e. risky liquidity), he demands a risk-premium
when the security is issued, which can be shown to be equal to
a(l1—A)(k—2z). When a(1 —A)(k—z) > Ax — w, i.e. when the
risk premium is too high, the market shuts down and we are back to
the autarky solution.
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DGHO 2017 - Bank Solution

o At t = 0 the firm issues security to a bank that pays off sM(y) at
t = 2 in exchange for the bank’s investment. The bank obtains the
investment by asking the early investor for money in exchange for a
non-contingent payment rlE at t = 1 and a state-contingent payment
rf(y) at t = 2. At t = 1 the bank decides whether to let the late
investor know about the bank's info. The late investor then decides to
whether to deposit e and gets paid by r(y) at t = 2. If the late

investor does not deposit, then rlE =0.

@ Proposition 2: Bank solution generates first-best solution if the bank
does not allow the late investor to know about the bank’s info.

o Intuition: Hirshleifer (1971).
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DGHO 2017 - Proof of Proposition 2

e If y is not learned by late consumer, then rf = k and rf (b) = 0.
o If the project fails, the bank’s asset is A, = e+ 2z — k € (k, e) as
z=e—w.

o If the project succeeds, the bank's asset is A; = Ap +x — w.
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DGHO 2017 - Proof of Proposition 2, continued

@ Early consumer will deposit e if and only if
e+ak < (1+a)k+ Arf(g), resulting in rf(g) = &% and
rk(b) = Ap > k.

@ Late consumer deposits if and only if
etak < (14+a)k+ (1—A)(Ap — k) + A(rk(g) — k), resulting in
ri(g) = e+ 52 (e—Ap) > e > k.

o rf(g)+rk(g) < Ap+sB(g), resulting in s%(g) =4 < x so'is
feasible.

Xu Jiang () BA 932 Session 5 Research on the liability sid February 13th, 2024 30 / 42



DGHO 2017 - when late consumer can costly acquire the

bank's private info

@ Suppose that by exerting cost <y the late consumer can find out about
y.
@ Then late consumer will only deposit when y is high.

(1+a)k+A(rk(g)—k)+(1—=A)(e—k)—r

< (T4 a)k+A(r5(g) — k) + (1= A)(ry (b) — k)
& rzL(b)Ze—l_r)\

o 1-M(k-2)<r

s ¥Y=k-z- -1 <o
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DGHO 2017 - when late consumer can costly acquire the

bank's private info

@ Thus the late consumer will not acquire information if and only if
Y=k—z— % < 0, implying that bank solution is more likely to
implement the first-best when default probability is low (A being
high), difficult to monitor (7 being high), firm being small (w being
low), the liquidity needs are relatively small (low k) or the early
consumer is relatively rich (high e).
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DGHO 2017 - What if the above condition is not satisfied

o If ¥ > 0 the bank solution cannot achieve first-best. How to provide
some liquidity

@ Solution 1: scaling down investment to 78 =1 — % as

ry(b) = e— 1.
e Setting rf = k and storing (1 —17 )W results in

ry(b) = 2e —nBw — k and thus 78 = <k 4 eE) =1-T <1

1)\) w
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DGHO 2017 - What if the above condition is not satisfied

@ Solution 2: distorting money provision.
o Setting rf < k. When % =1then rf = {1 +z=k—- V.
@ To ensure that the early consumer deposit, need
e+ak < (L+a)rf +Arf(g), resulting in rf (g) = &% + L2y,
@ Similarly, ensuring late consumer to deposit requires
(14+a)k + Alrk(g) — k] + (1 = A)[rh(b) — k] = e + ak, resulting in
ri(g) =e+ T asri(b) =e— L.
o We need rf(g) +ri(g) < e+z—rf +5B(g), resulting in
sB(g) = T+ 5Y.
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DGHO 2017 - Comparing the two solutions

@ The loss (relative to first-best) of the solution of scaling down
investment is (1 —78)(Ax —w) = L (Ax — w).

@ The loss (relative to first-best) of the solution of distorting money
provision is therefore As8(g) —w = a¥.

@ Distorting money provision is better if and only if %(/\x —w) > a¥,
or % —1>a.
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DGHO 2017 - what if capital markets solution also allows

for partial investing

e—k

The capital markets, when making the investment, will get
nMAsM(g) where sM(g) = ¥.
nMAsM(g) = nMw + a(1 — A) min{k — e + 7w, 0}. Therefore full
financing is optimal if and only if )‘Xwa > a(1—A). Otherwise, will

The scale of the investment is " =

invest %

Under the full financing case, the loss is a(1 — A)(k — z) whereas
under the partial financing case, the loss is

(1—g")Y(Ax —w) = /\’(T_W(k —2z).

Therefore the overall loss from capital market solution is

Q =min{a(l—A), 2 —1}(k — 2).
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DGHO 2017 - Comparing banking solution and capital

market solution

@ When ¥ > 0, we have k —z > ﬁ
o Capital market financing dominates if

o M _1<wand Q< (A —1)¥ or
o X _1>pand Q<a¥.
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DGHO - Takeaway and implications

@ Banks are kept opaque to prevent information acquisition which
impairs risk-sharing ala Hirshleifer (1971). If information acquisition
can be fully prevented, banks dominate capital markets.

@ When information acquisition activity cannot be prevented, banks
need to either distort investment or distort liquidity creation, which
may result in bank financing inferior to capital market financing.

e Implication 1: Higher information acquisition cost (low ) is
associated with more reliance on bank financing.

@ Implication 2: More reliance on bank financing if project is less
profitable (A is lower).

@ Implication 3: Conditional on bank providing financing, more

transparent banks result in less liquidity provision (Chen, Goldstein,
Huang and Vashishtha 2022).
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Calomiris and Kahn (1991)- Banks as commitment device

The demand deposit structure is taken as given. A bank takes
deposits and invests in a project that generates either high or low
outcome (i.e. not about bank loans).

Agency problem: the bank may abscond with the deposits and claim
the project generates low outcome.

Depositors may incur cost to generate a signal about the outcome.
If informed depositors receive bad signals, they will withdraw. This
serves as a deterrence to bankers (i.e. a disciplinary device).

The first to document that banks' capital structures are deliberately
made fragile as a commitment device for bankers not to engage in
bad behavior. (address feature 2 and definition 1)
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Diamond and Rajan (2001)- Banks as commitment device

and liquidity providers

@ A typical entrepreneur need financing to fund a project setting.

@ Friction: entrepreneur is essential for carrying out the project but he
is unable to commit to stay with the project. Result: wedge between
value of the project if carried out by the entrepreneur and the amount
the entrepreneur can borrow (hold-up problem).

@ Banks are assumed to be better than outsiders to realize the value of
the project without the entrepreneur so holdup problem is alleviated.
Problem: what if the banks hold up? (Similar to monitor the
monitors in Diamond 1984)

@ Solution: banks issue demand deposit as a commitment device similar
to Calomiris and Kahn (1991) (addressing definitions 1 and 3)
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What we do not cover

@ Soft information that banks may have from monitoring - relationship
banking

@ The role of bank equity (see Diamond and Rajan (JF, 2000))

e Systemic risk and financial sector stability (whether and how does run
on one bank trigger a crisis of the whole financial system, which then
affects the real economy)

@ Bank regulation, including deposit insurance, regulatory capital ratio
(the latter is particularly relevant to accounting)

@ How does disclosure affect the various features of banks (will be
covered in a few weeks)
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Next class - Global games methodology

e Diamond and Dybwig (1983) - demand deposit expose banks to
depositor runs.

@ However, due to the multiple equilibria nature it is extremely hard to
say which equilibrium will be chosen and how the choice of
equilibrium varies with exogenous parameters -> nightmare for
providing empirical and regulatory implications

@ Global games methodology resolves this equilibrium selection issue,
making it much easier to provide empirical and regulatory implications

@ In the banking literature, mostly used in bank run settings
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