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What we did last class

Two types of communication models that have rich accounting
applications

Cheap talk -> lying is costless -> no fully revealing communication
but information can be communicated via the intervals to which the
signals belong -> finer intervals with less conflict of interest -> have
applications in managerial voluntary disclosure and analyst
recommendations
Bayesian persuasion -> ex-ante commitment to an information system
design that generates ex-post information signals for decision making
-> full disclosure or even some disclosure may not necessarily be
optimal -> want precise signals in the beliefs not preferred by the
sender and noisy signals in the beliefs preferred by the sender -> have
implications for accounting rule design
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This class

Overall view of banking research in finance and economics

The asset side of banks -> liquidity provision (Holmstrom and Tirole
1998) and delegated monitoring (Diamond 1984)
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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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How does the literature address those issues

Presumption: there are certain frictions in the economy (as otherwise
first and second welfare theorems say that competitive market
achieves the best outcome)
Friction 1: adverse selection- agents have private information about
project outcomes that requires monitoring; banks are more effi cient
than market in monitoring (Diamond 1984)
Friction 2: moral hazard- agents that need financing can abscond
with money that again requires monitoring; banks monitor those
agents and issue demand deposit contract to commit themselves to
monitor (Calomiris and Kahn 1991, Diamond and Rajan 2001)
Friction 3: liquidity needs- agents require immediate access to
cash/consumption; banks can provide liquidity in a more effi cient way
(Diamond and Dybvig 1983, Dang et al. 2017)
Friction 2 & 3: moral hazard results in limited pledgeability of
income/assets and the demand for (endogenous) liquidity needs when
agents are hit by a shock (Tirole 2006 book, Holmstrom and Tirole
2011 book; Holmstrom and Tirole 1998)
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Diamond (1984)- Banks as delegated monitors

Friction: borrowers privately observe the outcomes of their projects,
which are not contractible with the investors.

A bank is delegated to “monitor”borrowers on behalf of investors to
eliminate free riding and duplication of monitoring costs (addressing
definition 1).

Investors do not need to “monitor” the bank (i.e. monitor the
monitor) because an infinitely large bank is risk-free (addressing
definition 2)

Risk-free bank can thus issue risk-free debt (deposits) to investors
(addressing definition 1 on optimal security design and definition 3)
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D 1984-Model setup

N risk-neutral entrepreneurs indexed by i ∈ {1, 2, ...,N}.
Entrepreneurs have no capital but access to a project that requires a
unit of investment for each project and generates an expected return
higher than R, the risk-free return.

A large number of risk-neutral investors that have 1
m wealth each,

implying that the entrepreneur requires at least m > 1 investors’
investment for one unit of investment.

The realization of the project, denoted as y ≥ 0, is privately observed
by the entrepreneur - adverse selection friction.

The entrepreneur has limited liability - can offer investors total
payment, denoted as z , no higher than y .

Solution without monitoring: optimal contracting on observable z in
the form of a non-pecuniary penalty (can be thought of as bankruptcy
cost) that depends on z , denoted as φ(z).
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D 1984- First-best Solution

Suppose that y is publicly observable therefore contractible.

Then the entrepreneur promises each investor an R return and keep
the rest. Technically, the optimal contract satisfies z = R

E [ỹ ]y .

There is no non-pecuniary cost, φ(z) = 0 ∀z .
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D 1984- Optimal contracting under second-best

When y is not observable, the optimal contract φ∗(z) ≥ 0 solves

max
φ(.)

E [ỹ − z − φ(z)]

s.t.

z ∈ argmax
z ′∈[0,y ]

y − z ′ − φ(z ′) (incentive compatibility constraint)

E [z ] ≥ R (individual rationality constraint)
Proposition 1: φ∗(z) = max(h− z , 0) where h is the smallest face
value that provides lenders with an expected return of R. Therefore
the optimal contract is a debt contract with face value h. This
non-pecuniary cost φ∗(z) is the cost of deviating from first-best.
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D 1984- Proof of Proposition 1

The incentive compatibility and truthtelling constraint implies that

y − z − φ(z) ≥ y − z ′ − φ(z ′) ∀z , z ′.

Therefore we have
z + φ(z) = const ≡ h.

IR binds because if IR does not bind, then E [z ] > R, we can always reduce
z by some small amount ε > 0 such that individual rationality constraint
still binds, and h is reduced so that the objective function increases.
Therefore

E [z ] = R.
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D 1984- Proof of Proposition 1, continued

The objective function therefore becomes

max
z ,φ(.)

E [ỹ − z(ỹ)− φ(z(ỹ))] = max
z ,φ(.)

E [ỹ ]− R − E [φ(z(ỹ))]

Therefore it is optimal to set E [φ(z(ỹ))] as low as possible and thus z as
high as possible. Therefore, when y ≥ h, we set

φ(z) = 0,

and
z = h.
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D 1984- Proof of Proposition 1, continued

When y < h, z = h is not feasible. Therefore we set

z = y ,

and
φ(z) = h− y .

Therefore

z∗(y) =
{
h if y ≥ h
y if y < h

,

and

φ∗(z(y)) =
{

0 if y ≥ h
h− y if y < h = max(h− y , 0),

which is a standard contract.
h is then determined by E [z ] = R, or, equivalently, the smallest solution to

Pr(ỹ < h)E [ỹ |y < h) + Pr(y ≥ h)h = R.
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D 1984- What if y is observable with some positive cost K

We can either let each of the m lenders to spend K to monitor or let
the lenders delegate the monitoring task to one or or monitoring
agents.

Each lender monitoring is valuable if and only if mK ≤ E [φ∗(z)],
which is less likely to satisfy when m becomes larger, resulting in
delegated monitoring more likely to be optimal.

Delegated monitoring introduces additional cost of “monitoring the
monitors”. Denote this cost (similar to the bankruptcy cost as above)
as D, then delegated monitoring is optimal than each individual
monitoring or no monitoring if

K +D ≤ min{E [φ∗(z)],mK}

We call this delegated monitor a financial intermediary.
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D 1984- When is delegated monitoring of financial
intermediary optimal

A financial intermediary is a risk-neutral agent, receives funds from
investors (depositors) to lend to entrepreneurs and also carried out
the monitoring tasks. Monitoring each entrepreneur costs the
financial intermediary K .

The intermediary collects gi (yi ) ≤ yi from each entrepreneur based
on the contract with the entrepreneur (as the intermediary can

directly observe yi ), pays depositors a total of ZN ≤ GN =
N

∑
i=1
gi (yi ).

Since depositors do not observe yi , a similar bankruptcy cost needs to
be imposed on the intermediary, which is Φ(ZN ) = max(HN − ZN , 0)
and also that the optimal contract between the intermediary and
depositors is a debt contract.
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D 1984- When is delegated monitoring of financial
intermediary optimal

Clearly, a financial intermediary with one entrepreneur and m
depositors is not optimal (bankruptcy cost is at least as high and there
is additional monitoring cost) - “monitoring the monitors”problem.

Proposition 2: D → 0 as N → ∞ if entrepreneur’s project outcomes
are independent of each other. Intuition: independence and N → ∞
results in the probability of all projects in the left tail approaching
zero. Therefore the expected bankruptcy cost is zero and there is no
need to “monitor the monitors”. The debt is essentially risk-free as
the firm is risk-free. (Corollary suggests that so long as the firm
specific component of project outcomes are independent, then full
diversification is still achieved when N → ∞).
By continuity, when N suffi ciently large delegated monitoring is
optimal.
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D 1984- Proof of Proposition 2

Entrepreneur i chooses to pay gi = gi (yi ) to the intermediary such
that

E [gi ] = R +K +DN .

Entrepreneur i then has an expected return given by

E [yi ]− E [gi ] = E [yi ]− R −K −DN .
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D 1984- Proof of Proposition 2, continued

Choose bankruptcy penalties of the intermediary as

ΦN (ZN ) = max(ZN −HN , 0),
where

HN = N(R +
DN
2
).

Given this contract, the intermediary will choose paying ZN to
depositors s.t.

ZN =
{
GN if GN ≤ HN
HN if GN > HN

.

The expected return of the intermediary is thus

E [GN ]−HN −NK

= N(R +K +DN )−N(R +
DN
2
)−NK

=
N
2
DN > 0.
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D 1984- Proof of Proposition 2, continued

The aggregate expected return to depositors is thus

Pr(GN ≤ HN )E [GN |GN ≤ HN ] + Pr(GN > HN )HN
≥ Pr(GN > HN )HN = Pr(GN > HN )N(R +

DN
2
)

> NR,

when

Pr(GN > HN ) >
R

R + DN
2

.

Since E [GN ] > HN , by law of large numbers, Pr(GN > HN )→ 1
when N → ∞ so when N → ∞, the above inequality is satisfied even
when DN → 0.
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D 1984- Takeaway and implications

A simple model yet generates so many features of financial
intermediaries: they issue debt to depositors, are large, have high
leverage and illiquid assets (as they obtain information through
monitoring) and provide better solution than market.
The benefit of delegated monitoring comes from diversification by
monitoring many projects, which alleviates bankruptcy costs. The
debt contract offered to depositors facilitate the intermediary to
monitor.
Implication 1: the more severe the adverse selection problem, the
higher benefit from delegated monitoring.
Implication 2: the higher the monitoring cost, the larger the optimal
size of intermediary (i.e. larger banks monitor more opaque firms, is
this empirically true?)
Implication 3: the cost of monitoring banks (i.e. the cost of
“monitoring the monitors”) decreases with bank size (is this
empirically true?) - See Krasa and Villamil (1993) to address this
issue).
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Holmstrom and Tirole (1998)- Banks as liquidity providers
for firms

Firms get liquidity shocks in the middle that require them to invest
more immediately (similar to Diamond and Dybwig 1983)
After the realization of the liquidity shock, a
continuation/termination decision is made.
If continued, there is a moral hazard issue as firms exert unobservable
effort. This moral hazard results in the firm getting less financing
than first-best.
Without a bank, firms with liquidity needs cannot continue.
Banks can provide liquidity by contracting with each firm to provide a
line of credit when they are hit by liquidity shocks. The line of credit
also solves the moral hazard problem. Firms only tap the credit line
when they need it.
Addresses definition 1 and 3.
We will discuss a simplified version based on Tirole 2006 book and
Holmstrom and Tirole 2011 book.
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HT Model Setup - Fixed investment scale

Standard model of investment with moral hazard friction (used
throughout Tirole’s 2006 book “The Theory of Corporate Finance”)
Two dates t = 0, 1; t = 0: investment; t = 1: realization of outcome.
Entrepreneur has an investment opportunity that needs funds from
investors who require at least a return normalized to 1.
The opportunity requires an investment of I . The entrepreneur only
has A < I so requires I − A from investors.
The outcome of the investment, denoted as Õ, is binary: either
success (pays off R) or fails (pays off 0). Denote the state i ∈ {s, f }
where s(f ) represents success (failure).
Moral hazard friction: Pr(O = R) depends on the unobservable effort
of the entrepreneur a ∈ {aH , aL}.
Pr(O = R |aH ) = pH > Pr(O = R |aL) = pL but exerting aH costs
the entrepreneur B. Holmstrom and Tirole interprets B as the
entrepreneur’s private benefit from shirking (i.e., choosing aL), which
is equivalent and in the following we will adopt this interpretation to
be consistent with them.
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HT Model Setup - Solving for fixed investment scale

Assume that
pHR − I > 0 > pLR − I + B, (1)

i.e., in a first-best world when action is observable, the investor will
monitor the entrepreneur and make sure that the entrepreneur
chooses aH .

Under second-best when action is not observable and only terminal
cash flow is observable, consider the following optimal contract
(Ys ,Yf ) offered by the entrepreneur to the investor where Yi
represents the payment to the investor at state i . The entrepreneur’s
monetary payoff is thus Xs = R − Ys at state s and Xf = −Yf at
state f . Limited liability requires Xi ≥ 0 when i = s, f .
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HT Model Setup - Solving for fixed investment scale,
continued

Investment will occur if and only if the entrepreneur can be induced
to choose aH , i.e., (Ys ,Yf ), or, equivalently, investors offer (Xs ,Xf )
to the entrepreneur to solve the following problem:

max
Xs ,Xf

pH (R − Xs ) + (1− pH )(−Xf )

s.t.

pHXs + (1− pH )Xf ≥ pLXs + (1− pL)Xf + B (IC constraint)
pH (R − Xs ) + (1− pH )(−Xf ) ≥ I − A (IR constraint)

Xi ≥ 0 (limited liability constraint)
IC constraint is equivalent to

Xs − Xf ≥
B

pH − pL
≡ B

∆p
,

where
∆p = pH − pL > 0.
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HT Model Setup - Solving for fixed investment scale,
continued

Since the objective function is decreasing in Xs and Xf , the optimal
contract results in Xf = 0 and Xs = B

∆p .

Therefore, for the IR constraint to be satisfied, we need

A ≥ I − [pH (R −
B
∆p
)] = I − (pHR −

pHB
∆p

) ≡ I − Z0,

where

Z0 = pHR −
pHB
∆p

.
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HT Model Setup - Solving for fixed investment scale,
continued

Compared with first-best when the investors can dictate the
entrepreneur to choose aH , then investors can set Xs = Xf = 0 so the
IR constraint will be satisfied if

A ≥ I − pHR ≡ I − Z1,

where
Z1 = pHR

i.e., the whole income from the project (pHR) can be pledged to
obtain external financing. In the second-best, Z0 < Z1, means that
only a limited income from the project (i.e., pHR − pHB

∆p ) can be
pledged to obtain external financing, due to moral hazard (recall that
the IC constraint is due to moral hazard). In other words, less positive
NPV project is financed due to moral hazard (also called “credit
rationing”).
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HT Model Setup - Solving for fixed investment scale,
continued

We can get a similar result: diversification facilitates financing as in
Diamond (1984) using this framework by considering two projects:
more details are in problem 3 of problem set 2.
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HT - Extension to variable investment scale

Assume R is the return upon success rather than the absolute payoff,
i.e., any investment I returns RI upon success and 0 upon failure.
Also assume that B is the private benefit per unit of investment when
shirking, i.e., private benefit from shirking and investing I is BI .
Equation (1) now becomes

pHRI − I > 0 > pLRI − I + BI .

Note that
pHRI − I > 0

is equivalent to
ρ1 > 1,

where
ρ1 = pHR.
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HT - Extension to variable investment scale, continued

We can similarly verify that

Xs =
B
∆p
I =

ρ1 − ρ0
pH

I ,

where

ρ0 = pHR −
pHB
∆p

,

and
Xf = 0.

IR constraint will be satisfied if

A ≥ I − ρ0I .
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HT - Extension to variable investment scale, continued

To ensure that the entrepreneur cannot finance on this own, we need

I − ρ0I > 0.

In addition, we need
ρ0I > 0,

resulting in
ρ0 ∈ (0, 1).

In other words, the pledgeable income is ρ0I even though the maximal
amount of income is ρ1I . Alternatively, the outside financing the firm
can obtain, I − A, would be no more than ρ0I .
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HT - Introducing demand for liquidity

Add a middle date for liquidity shock so we now have three dates
t = 0, 1, 2; t = 0: investment I is chosen; t = 1: liquidity shock;
t = 2: realization of outcome.

At t = 1, the liquidity shock takes place. A liquidity shock ρ requires
a reinvestment of ρ per unit of investment. If ρ > ρ0, outside
financing cannot be obtained from above. Therefore, the firm needs
to arrange for such liquidity in advance, generating a demand for
liquidity. Such demand for liquidity is ineffi cient for investors when
ρ ∈ (ρ0, ρ1).
Assume that ρ̃ ∈ {ρL, ρH} with probability Pr(ρ̃ = ρi ) = fi such that

0 ≤ ρL < ρ0 < ρH < ρ1.

Again we look for optimal second-best contracts
{I , iL ≡ i(ρL), iH ≡ i(ρH ),XsL,XsH ,XfL,XfH}.
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HT - Introducing demand for liquidity, continued

Given iL and iH , the solution is similar to the basic moral hazard
framework above. Therefore XsL = (ρ1 − ρ0)iL, XsH = (ρ1 − ρ0)iH
and XfL = XfH = 0. The investors’expected payoff will thus be ρ0iL
and ρ0iH , respectively, when ρ̃ ∈ {ρL, ρH}. Note that investors
provide financing of ρL iL and ρH iH , respectively, when ρ̃ ∈ {ρL, ρH}.
So the investors’expected payoff from providing finance is

fL(ρ0iL − ρL iL) + fH (ρ0iH − ρH iH )

= fL(ρ0 − ρL)iL + fH (ρ0 − ρH )iH .

and the entrepreneur’s expected payoff is

fL(ρ1 − ρ0)iL + fH (ρ1 − ρ0)iH .
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HT - Introducing demand for liquidity, continued

This results in the optimal contracting problem being

max
{I ,iL ,iH }

{fL(ρ1 − ρ0)iL + fH (ρ1 − ρ0)iH − A}

s.t.

fL(ρ0 − ρL)iL + fH (ρ0 − ρH )iH ≥ I − A, (IR constraint)

iL, iH ∈ [0, I ].
Note that ρL < ρ0 < ρH implies (ρ0 − ρL)iL > 0 > (ρ0 − ρH )iH , i.e.,
investors providing insurance to entrepreneurs when they are hit by
liquidity shock (i.e., when ρ = ρH ).

Result: iL = I ; denote x =
iH
I ∈ [0, 1].
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HT - Introducing demand for liquidity, continued

The maximization problem becomes

max
{I ,x}
{fL(ρ1 − ρ0)I + fH (ρ1 − ρ0)xI − A}

s.t.

fL(ρ0 − ρL)I + fH (ρ0 − ρH )xI ≥ I − A (IR constraint)

x ∈ [0, 1]
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HT - Introducing demand for liquidity, continued

Note that IR binds. Suppose IR slack, then we can drop IR and the
optimization problem results in I → +∞. Therefore IR binds, which
results in

I =
A

1+ (fLρL + fHρHx)− ρ0(fL + fHx)

=
A

1+ fL(ρL − ρ0) + fHx(ρH − ρ0)
,

and the entrepreneur’s expected payoff being

U(x) = [
(ρ1 − ρ0)(fL + fHx)

1+ (fLρL + fHρHx)− ρ0(fL + fHx)
− 1]A.
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HT - Introducing demand for liquidity, continued

Optimal x will always be a corner solution x ∈ {0, 1} and x = 1 if
and only if

(ρ1 − ρ0)(fL + fH )
1+ (fLρL + fHρH )− ρ0(fL + fH )

=
(ρ1 − ρ0)

1+ (fLρL + fHρH )− ρ0
≥ (ρ1 − ρ0)fL
1+ fL(ρL − ρ0)

⇔ fL(ρH − ρL) ≤ 1

Intuitively, when bad liquidity shock is not severe enough (i.e., ρH
small enough), financing will be provided when hit with bad liquidity
shock so x = 1 (i.e., full investment). When bad liquidity shock is
severe enough, financing will not be provided when hit with bad
liquidity shock so x = 0 (i.e., no investment when ρ = ρH ).

Continuous case: problem 4 of problem set 2.
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HT - Implementation of the second-best contract

Option 1: give the firm a line of credit up to ρH I , which the firm can
freely use at date 1. Predictions: drawdown of credit lines during bad
but not good times.

Option 2: firm buys insurance (e.g., CDS).

Option 3: firm hoards liquidity (e.g., investors pay
I − A+ (ρH − ρ0)I at date 0 and make sure that the firm hoards
liquid assets at date 0 in the amount of (ρH − ρ0)I ).

When there is no systemic shock, then some firms will need liquidity
and some firms do not. Overall bank can satisfy all firms’liquidity
needs.

When there is systemic shock, it is possible that all firms need
liquidity. Then banks may not be able to satisfy all firms’liquidity
needs. As a result government needs to step in to provide liquidity.
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HT - Takeaway and implications

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.

The more severe the agency problem, the higher value of credit line
provision.

The more severe the agency problem, the more likely credit lines will
be drawn, more so during bad times.
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Next class - liability side of banks

Diamond and Dybwig (1983) - demand deposit is an optimal
arrangement to provide liquidity to consumers -> expose banks to
depositor runs.

Calomoris and Kahn (1991, brief mention) -demand deposit serves as
a commitment device for banks to prevent escaping with others’
money -> deposits can ask for their money back before such escaping
takes place

Dang et al. (2017) - debt suppresses information opacity and
improves risk sharing, as transparency may destroy risk-sharing
opportunities (Hirshleifer 1971)
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