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e We discussed general insights of moral hazard models in lesson 1
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Overview

e We discussed general insights of moral hazard models in lesson 1

e We now illustrate those insights using a binary effort, binary
outcome framework

e For a more rigorous treatment, see Holmstrom 1979 BJE ”Moral
hazard and observability”
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Model

e Agent exerts private effort a, which determines (the distribution)
of an observable outcome z.
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e Agent exerts private effort a, which determines (the distribution)
of an observable outcome .

e Assume that a € {an,a;} and x € {zpy, 2}, i.e., a binary setup.
Denote pp, = Pr(zglan) > pi = Pr(zg|a;) => higher effort is more
likely to generate higher outcome.
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e Agent exerts private effort a, which determines (the distribution)
of an observable outcome .

e Assume that a € {an,a;} and x € {zpy, 2}, i.e., a binary setup.
Denote pp, = Pr(zglan) > pi = Pr(zg|a;) => higher effort is more
likely to generate higher outcome.

e Normalize V(a;) =0 and V(ap) = V.
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Model o

e Agent exerts private effort a, which determines (the distribution)
of an observable outcome .

e Assume that a € {an,a;} and x € {zpy, 2}, i.e., a binary setup.
Denote p, = Pr(zg|an) > p; = Pr(zx|a;) -> higher effort is more
likely to generate higher outcome.

e Normalize V(a;) =0 and V(ap) = V.

e The risk-neutral principal chooses the optimal contract
s(zg) = sp and s(xp) = s, to maximize
pr(r —su) + (1 —pn)(zr — s1) subject to

prU(su) + (1 —pn)U(sp) =V > U (IR),
and

phU(SH) + (1 *ph)U(SL) -V > plU(SH) + (1 7pl)U(SL) (IC)
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Agent exerts private effort a, which determines (the distribution)
of an observable outcome .

Assume that a € {ap,a;} and x € {zy, 2z}, i.e., a binary setup.
Denote pp, = Pr(zglan) > pi = Pr(zg|a;) => higher effort is more
likely to generate higher outcome.

e Normalize V(a;) =0 and V(ap) = V.
e The risk-neutral principal chooses the optimal contract

Agency pro

s(zg) = sp and s(xp) = s, to maximize

pr(r —su) + (1 —pn)(zr — s1) subject to
phU(SH) + (1 —ph)U(sL) -V>U (IR),

and

prU(su) + (L=pn)U(sp) =V 2 piU(su) + (1 = p)U(sL) (IC).
IR is the individial rationality constraint —> the agent needs to
get paid at least the reservation utility U; IC is the incentive
compatibility constraint -> since you cannot observe a, you need

to structure your contract payments so that the agent finds it

incentive compatible to choose ap
blems Illustration of moral hazard 4 /11
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Solving the model

e Solving for those contracting problems depends crucially on
identifying which constraints bind (i.e., hold with equality) and
which ones do not.
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Solving the model

e Solving for those contracting problems depends crucially on
identifying which constraints bind (i.e., hold with equality) and
which ones do not.

e For this problem both IR and IC constraint bind.

e Intuition for IR binding: IR not binding is equivalent to leaving
money on the table -> reduce payment for every outcome makes
the principal better off till the IR constraint binds.

Agency problems Illustration of moral hazard 5/ 11



DUKE

Solving the model

e Solving for those contracting problems depends crucially on
identifying which constraints bind (i.e., hold with equality) and
which ones do not.

e For this problem both IR and IC constraint bind.

e Intuition for IR binding: IR not binding is equivalent to leaving
money on the table -> reduce payment for every outcome makes
the principal better off till the IR constraint binds.

e Intuition for IC binding: IC not binding implies that the
principal is imposing too much risk on the agent’s compensation
contract to induce the agent to exert high effort (U(sy) is much
too larger than U(sz)) —=> can reduce the risk in the contract
while still inducing the agent to exert high effort and such risk
reduction is beneficial to the principal as it reduces the expected
contract payment.
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Solving the model

e We thus have two binding constraints, which directly solves the
two variables U(sy) and U(sy) (without even needing to solve

the maximization problem directly): U(sy) = U + % and
U(SL) = ﬁ — th
Ph—D1
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Solving the model

e We thus have two binding constraints, which directly solves the
two variables U(sy) and U(sy) (without even needing to solve

the maximization problem directly): U(sy) = U + % and
U(SL) = ﬁ - th
Ph—D1

e Under first-best, i.e., IC not binding, since you can directly
observe a and can impose arbitrarily large penalty if the agent
chooses a = a;, U(sy) = U(sy) = U. Therefore the optimal
contract under moral hazard imposes risks on the agent’s
payment in order to induce high effort. The higher p;, — p;, the
more informative the output x is about effort, the lower the
spread.
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Solving the model

e We thus have two binding constraints, which directly solves the
two variables U(sy) and U(sy) (without even needing to solve

the maximization problem directly): U(sy) = U + % and
U(SL) Zﬁ— 7‘/2" .
Ph—D1

e Under first-best, i.e., IC not binding, since you can directly
observe a and can impose arbitrarily large penalty if the agent
chooses a = a;, U(sy) = U(sy) = U. Therefore the optimal
contract under moral hazard imposes risks on the agent’s
payment in order to induce high effort. The higher p;, — p;, the
more informative the output x is about effort, the lower the
spread.

e We next discuss an alternative formulation of moral hazard:
risk-neutral agent with limited liability
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Risk-neutral agent with limited liability

e Instead of assuming risk-averse agents, assume instead
risk-neutral agent with limited liability, i.e., payoff to the agent
has to be no smaller than some lower bound
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Risk-neutral agent with limited liability

e Instead of assuming risk-averse agents, assume instead
risk-neutral agent with limited liability, i.e., payoff to the agent
has to be no smaller than some lower bound

e Risk-neutrality with limited liability is an extreme version of
risk-aversion -> agent’s downside risk becomes infinitely large
when the downside exceeds some lower bound. However, this
formulation is much more tractable and so can be used to
incorporate other interesting features
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Risk-neutral model setup

e Again assume that a € {ap,qa;} and z € {x g,z }; denote
pn = Pr(zglan) > pr = Pr(zg|a;); again normalize V(a;) = 0 and
V(ah) =V.
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Risk-neutral model setup

e Again assume that a € {ap,qa;} and z € {x g,z }; denote
pn = Pr(zglan) > pr = Pr(zg|a;); again normalize V(a;) = 0 and
Vian) = V.

e Both the principal and the agent are risk-neutral: principal offers
the agent contract s(z) so the principal’s utility is « — s(z) and
the agent’s utility is s(z); limited liability requires that s(z) >0
Vo
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Risk-neutral model setup

e Again assume that a € {ap,qa;} and z € {x g,z }; denote
pn = Pr(zglan) > pr = Pr(zg|a;); again normalize V(a;) = 0 and
V(ah) =V.

e Both the principal and the agent are risk-neutral: principal offers
the agent contract s(z) so the principal’s utility is « — s(z) and
the agent’s utility is s(z); limited liability requires that s(z) >0
Vo

e The principal chooses s(xp) = sy and s(zy) = sy, to maximize
pr(zg — sg)+ (1 —pp)(xr — sp) subject to

prsu + (1 —pp)sp —V > U (IR),

prsa + (1 —pn)sp =V > psg + (1 —py)sg (IC),
s; > 0fori=H,L. (LL)
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Risk-neutral model setup

e Again assume that a € {ap,qa;} and z € {x g,z }; denote
pn = Pr(zglan) > pr = Pr(zg|a;); again normalize V(a;) = 0 and
V(ah) =V.

e Both the principal and the agent are risk-neutral: principal offers
the agent contract s(z) so the principal’s utility is « — s(z) and
the agent’s utility is s(z); limited liability requires that s(z) >0
Vo

e The principal chooses s(xp) = sy and s(zy) = sy, to maximize
pr(zg — sg)+ (1 —pp)(xr — sp) subject to

prsu + (1 —pp)sp —V > U (IR),
PhSH + (1 _ph)SL -V >pisg+ (1 —pl)SL (IC),
s; > 0fori=H,L. (LL)

e Note that in addition to the usual IR and IC constraints, there is
a limited liability (LL) constraint stating that the agent’s
payment is bounded below (0 in this case)
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Solving the risk-neutral model

e The key difference between the risk-neutral model and the
risk-averse model is that IR may not necessarily bind -> recall
that in the risk-averse model the intuition for IR binding is that
if IR does not bind, we can reduce the payments to the agent and
increase the principal’s payoff -> such trick may not work if the
LL constraints are binding

Agency problems Illustration of moral hazard 9 /11



DUKE

Solving the risk-neutral model

e The key difference between the risk-neutral model and the
risk-averse model is that IR may not necessarily bind -> recall
that in the risk-averse model the intuition for IR binding is that
if IR does not bind, we can reduce the payments to the agent and
increase the principal’s payoff -> such trick may not work if the
LL constraints are binding

e Suppose U is sufficiently large so that LL does not bind as both
sy and sz, will be positive, then the moral hazard friction does
not cause any issue —> even though sy > s, such spread does
not cause any distortion because the agent is risk-neutral
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Solving the risk-neutral model

e The key difference between the risk-neutral model and the
risk-averse model is that IR may not necessarily bind -> recall
that in the risk-averse model the intuition for IR binding is that
if IR does not bind, we can reduce the payments to the agent and
increase the principal’s payoff -> such trick may not work if the
LL constraints are binding

e Suppose U is sufficiently large so that LL does not bind as both
sy and sz, will be positive, then the moral hazard friction does
not cause any issue —> even though sy > s, such spread does
not cause any distortion because the agent is risk-neutral

e We now focus on the more interesting case when U is not
sufficiently large so that LL constraints are binding
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e Note that the IC constraint is equivalent to sy — sy, > P
Again one need spread on payments to the agent to 1nduce the
agent to exert high effort
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Solving the risk-neutral model

e Note that the IC constraint is equivalent to sy — sy, > %
Again one need spread on payments to the agent to 1nduce the
agent to exert high effort

e The principal’s payoff is clearly decreasing in sy and sr..

Therefore, so long as U < pp,—— ph w , the principal will set s =0

and sy = . When U < Phy , clearly the IR constraint is
not bmdmg ‘and the moral hazard frlctlon results in worse
outcome for the principal (as in the absence of moral hazard the
principal would pay the agent sy = s;, = U resulting in less
payment)
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Solving the risk-neutral model

e Note that the IC constraint is equivalent to sy — sy, > %
Again one need spread on payments to the agent to 1nduce the
agent to exert high effort

e The principal’s payoff is clearly decreasing in sy and sr..

Therefore, so long as U < pp,—— ph w , the principal will set s =0

and sy = . When U < Phy , clearly the IR constraint is
not bmdmg ‘and the moral hazard frlctlon results in worse
outcome for the principal (as in the absence of moral hazard the
principal would pay the agent sy = s;, = U resulting in less
payment)

e Holmstrom and Tirole 1998 JPE “Private and public supply of
liquidity” use this framework to show (among other results) that
moral hazard results in inefficiency in terms of less positive NPV
project being financed (also called “credit rationing”), which we
will discuss later, albet in an adverse selection setting
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Concluding slide for lesson 2

e Optimal contract in a single risk-neutral principal and single
risk-averse agent setting always incorporates some risk in the
contract to provide incentives
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Concluding slide for lesson 2

e Optimal contract in a single risk-neutral principal and single
risk-averse agent setting always incorporates some risk in the
contract to provide incentives

e Risk-neutral agent with limited liability provides an alternative
and simpler way to study agency problems that makes it more
convenient to incorporate other features, but the economic
insight is essentially the same
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Concluding slide for lesson 2

e Optimal contract in a single risk-neutral principal and single
risk-averse agent setting always incorporates some risk in the
contract to provide incentives

e Risk-neutral agent with limited liability provides an alternative
and simpler way to study agency problems that makes it more
convenient to incorporate other features, but the economic
insight is essentially the same

e Next lesson we discuss whether and what information should be
included in compensation contracts

Agency problems Illustration of moral hazard 11 /11



DUKE

Concluding slide for lesson 2

e Optimal contract in a single risk-neutral principal and single
risk-averse agent setting always incorporates some risk in the
contract to provide incentives

e Risk-neutral agent with limited liability provides an alternative
and simpler way to study agency problems that makes it more
convenient to incorporate other features, but the economic
insight is essentially the same

e Next lesson we discuss whether and what information should be
included in compensation contracts

e A review quiz of this lesson can be found at
https://forms.gle/zzN3x979uLhjCKZM9
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