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Firm Financing

Firms pay agents to manage them

But agents are prone tomalfeasance

Applies generally:
§ VC financing today
§ Publicly Traded Corporations

The ThreeMs of Malfeasance

mismanagement

misallocation

misappropriation
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Stylised Facts

VC Financing

pay-performance sensitivity and
monitoring are substitutes
[Bernstein, Giroud, Townsend, Bengtsson and

Ravid]

Payments are back-loaded

Monitoring increases after sustained
poor performance
[Kaplan and Stromberg]

Large Corporations

Governance positively correlated with

§ stock price, credit yield spread,
stock returns, ROI, Tobin’s Q, q, . . .
[Gompers, Ishii, Metrick; …]

§ Increased board activity after poor
performance
[Vafeas; …]

Performance sensitive debt payments

Backloaded dividends
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Monitoring in Contracts

Components of contract

§ Action
§ Performance sensitivity
§ Monitoring

Verification, Auditing “

RetrospectiveMonitoring

‘Barriers to Malfeasance’ “
ProspectiveMonitoring

Milgrom-Roberts

output y “ a ` σε

wage w “ s0 ` β y

Optimal pa,σ, β q jointly determined
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This Paper

Dynamic Principal-Agentmodel of firmwithmonitoring

Unified framework allows for joint determination of

§ performance-pay sensitivity
§ intensity of governance
§ price of firm’s securities
§ market quantities like credit yield spread

Main Idea

§ Limited Liability implies firm “risk averse”
§ Characterise shape of induced risk aversion
§ Fully determines monitoring intensity
§ Comparative statics of risk aversion
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Related Literature

Principals gather information about agents

§ Static: Baiman and Demski (), Dye (), Milgrom and Roberts (), Tirole
()

§ Dynamic: Georgiadis and Szentes (), Piskorski and Westerfield (), …

Prospective vs Retrospective information

Financial Contracting

§ Discrete time: Bolton-Sharfstein (), DeMarzo-Fishman (),
Clementi-Hopenhayn ()

§ Continuous time: DeMarzo-Sannikov (), Biais-Mariotti-Plantin-Rochet ()

Empirical literature on Governance…
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Model

Time is continuous, t P r0,8q

Risk neutral Principal w/ deep pockets, discount rate r

Risk neutral Agent, discount rate γ ą r

Agent has (i) limited liability and (ii) no wealth

Principal covers operating losses

[ follow DeMarzo and Sannikov () ]
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Model (contd)

Firm produces cash flows

dYt “ µd t ` σtdBt

§ Volatility σt chosen by Principal at Cost ρpσt q

§ σt P Σ “ tσp0q, . . . ,σpnqu, σpi q ą σpi`1q

§ ρpσpi qq ă ρpσpi`1qq: More accuracy is costlier

Principal observes Agent report Ŷt where

dŶt “ pµ ´ Dt qd t ` σtdBt

Dt ě 0 is cash-flow diversion

In DS: Σ is singleton

Benefit of diversion Dt is
λDt , where λ P p0, 1s

Always optimal to
implement truth-telling:
Dt “ 0 for all t ě 0
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Model (contd)

Recap

Cash Flow

dYt “ µd t ` σtdBt

Agent Reports Ŷt

dŶt “ pµ ´ Dt qd t ` σtdBt

Agent Benefit “ λDt , λ P p0, 1s

Principal flow cost “ ρpσt q

AlternativeModel

Cash Flow

dYt “ µd t ` σ0dBt

Agent Reports Ŷt

dŶt “ pµ ´ Dt qd t ` σ0dBt

Agent Benefit “ λtDt , λt P p0, 1s

Principal flow cost “ ρpλt q
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Principal’s Problem

Find profit-maximising full commitment contract at t “ 0

Contract Φ “ pC , τ,σq, as function of reported path pŶt q:

§ C “ pCt q: Cash payments (cumulative, increasing, RCLL)
§ τ ě 0: Liquidation time
§ σ “ pσt q: Monitoring levels

Profit “ F pw “ w0;Φq :“ ED“0,σ

„
ż τ

0
e´r t

“

pµ ´ ρpσt qqd t ´ dCt

‰

ȷ

Promise keeping

w0 “ ED“0,σ

„
ż τ

0
e´γtdCt

ȷ

Incentive Compatibility

ED“0,σ

„
ż τ

0
e´γtdCt

ȷ

ě ED ,σ
„

ż τ

0
e´γt

`

dCt ` λDtd t
˘

ȷ
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Continuation Utility

W “ pWt q is agent’s continuation utility process

Wt “ EŶ ,σt

„
ż τ

t
e´γps´t q

“

dCs ` λpdYs ´ dŶsq
‰

ȷ

Key Insight: Can write contract in terms ofW … Recursive Contracts

§ same as with discrete timemodels
§ works because output is BM, iid increments

Dynamics of Monitoring Introduction  / 



Continuation Utility

W “ pWt q is agent’s continuation utility process

Wt “ EŶ ,σt
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Incentive Compatibility

Lemma: There is sensitivity process Zt pŶ q such that

dWt “ γWtd t ´ rdCt ` λpdYt ´ dŶt qs ` Ztσ
´1
t ¨

`

dŶt ´ µd t
˘

“σt dBt ´d pYt ´Ŷt q

Truth-Telling

Dt “ 0 is Incentive Compatible if, and
only if,

Zt ě σtλ for all t ě 0

lim
tÑ8

e´γtWt “ 0 PD -a.s. @ D

Proof

Intuition:
If Agent steals Dtd t “ dYt ´ dŶt

Gain = λ
`

dYt ´ dŶt

˘

Loss = Ztσ
´1
t ¨

`

dYt ´ dŶt

˘

IC ðñ Gainď Loss
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˘

Loss = Ztσ
´1
t ¨

`

dYt ´ dŶt
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´1
t ¨

`
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˘

Loss = Ztσ
´1
t ¨

`

dYt ´ dŶt
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Gain = λ
`

dYt ´ dŶt
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dWt “ γWtd t ´ rdCt ` λpdYt ´ dŶt qs ` Ztσ
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´1
t ¨

`
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Gain = λ
`

dYt ´ dŶt
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Value Function

Value Function

F pw q “ sup
pC ,τ,σq

ED“0,σ

„
ż τ

0
e´r t

“

pµ ´ ρpσt qqd t ´ dCt

‰

ȷ

subject to (i) IC and (ii) PK

Bounds for F :
´w ď F pw q ď µ{r ´w

§ Lower bound is immediate termination:w ÞÑ ´w
§ Upper bound is first best:w ÞÑ µ{r ´w

F is concave

§ mix betweenw andw 1 to concavify
§ concave even without mixing…
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§ Upper bound is first best:w ÞÑ µ{r ´w

F is concave

§ mix betweenw andw 1 to concavify
§ concave even without mixing…
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Value Function

Write optimal contract with

§ w P r0,8q as state variable
§ z ,σ,C as controls

F pw q is value function

Theorem

F is concave and C2 solution of (variational) HJB…

min

„

r F ´ µ ´ γwF 1 ´ max
C

`

F 1 ` 1
˘

p´dC q ´ max
σ,zěλσ

r12z
2F 2 ´ ρpσqs, F 1 ` 1

ȷ

ě 0

F continuous, viscosity solution of HJB

F viscosity solution ùñ F concave
F is C2 solution [ Schauder theory ]
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Immediate Consequences

min

„

r F ´ µ ´ γwF 1 ` min
C

`

F 1 ` 1
˘

dC ´ max
σ,zěλσ

r12z
2F 2 ´ ρpσqs, F 1 ` 1

ȷ

ě 0

F 1pw q ě ´1 ùñ

dCt “ 0 ðñ F 1pw q ą ´1

F concave ùñ there is smallestw ‹ P p0,8q such that

F 1pw ‹q “ ´1 ùñ F 1pw q “ ´1 forw ě w ‹

Backloaded payments: Ct satisfies

Ct “

ż t

0
1pWs ě w ‹qdCs
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Optimal Contract

dWt “ γWt d t ´ dCt ` λσt dBt

w ‹ is payment boundary

Wt P r0,w ‹s

τ “ inftt :Wt “ 0u ă 8

dC “ 0 forw P r0,w ‹q

(backload)

Ct satisfies

Ct “

ż t

0
1pWs ě w ‹qdCs

w ‹ ă 8 if and only if γ ą r

w

F

F C w D �=r

(first best)

rF C 
w D �

F.w/

w?0

�
r
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Optimal Contract: Monitoring

r F pw q “ µ ` γwF 1pw q ` max
C

“

´
`

F 1pw q ` 1
˘

dC
‰

“0

` max
zěλσ,σPΣ

r12z
2F 2pw q ´ ρpσqs

F concave implies
z “ λσ

Optimal σ depends on F 2

´λ2F 2 “ risk aversion

For µ sufficiently large

Pay Sensitivity and Monitoring are

substitutes

w

�2F 00.w/

�2F 00.w/

high monitoring

low monitoring

�2�
�2

.0/

�2�.�.1//

�2
.0/
��2

.1/

w?0
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Shape of Risk Aversion

Risk Aversion “ ´λ2F 2pw q 9 r
”µ

r
´ F pw q ´w

ı

efficiency loss ě 0

` γw
`

F 1pw q ` r {γ
˘

expected change in value

efficiency loss due to agency ě 0:
decreases inw

expected change in value: increases,
then decreases inw

Proposition: There exists µ: such that

µ ě µ: ùñ

#

F 1p0; µq ě 0

RA Ò then Ó

µ ă µ: ùñ

#

F 1p0; µq ă 0

RA decreases
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Comparative Statics: Risk Aversion when µ1 ă µ2

w

�2F 00

�2F 00.w; �1/

high monitoring under �1

�2�1=�2.0/

�2�.�.1//

�2
.0/
��2

.1/

w?10
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Comparative Statics: Risk Aversion when µ1 ă µ2

w

�2F 00

�2F 00.w; �1/

�2F 00.w; �2/

high monitoring under �1

high monitoring under �2

�2�1=�2.0/
�2�2=�2.0/
�2�.�.1//

�2
.0/
��2

.1/

w?1 w?20

Dynamics of Monitoring Introduction  / 



Comparative Statics: Intuition

Risk Aversion “ ´λ2F 2pw ; µq 9 r
”µ

r
´ F pw ; µq ´w

ı

efficiency loss

` γw
`

F 1pw ; µq ` r {γ
˘

expected change in value

Lemma
For fixedw ą 0,

0 ă BµF pw ; µq ă 1{r

Efficiency loss increasing in µ

Lemma:
For fixedw ą 0,

0 ă BµF
1pw ; µq

Expected value change increasing in µ

ùñ (i) Risk Aversion increases in µ (ii) w and µ are complements
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Optimal Contract— Implementation

Follow BMPR

Securities and Assets

M “ W {λ is cash reserve

§ dynamics ofMt fromWt

stocks

bonds

Cash reservesMt are observable and
contractable

Agent gets fraction λ of stocks

Principal(s) hold fraction 1 ´ λ of
stocks and all bonds

Bond pays continuous coupon of
µ ´ pγ ´ r qMt

Stock pays dividend λ´1dC when
Mt “ w ‹{λ [ agent controls dividends ]
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Stock Prices

Stock Price

St “ Et

„
ż τ

t
e´r ps´t qλ´1dCs

ȷ

but St “ SpMt q, so

dSt “ r Std t ` VtdBt ´ λ´1dCt

where Vt “ S1pMt qσpλMt q{St = local
volatility

BVP for stock prices
rSpmq “ γmS1pmq ` 1

2σ
2pλmqS2pmq

Sp0q “ 0

S1pw˚{λq “ 1

Then, St “ SpMt q andSp¨q is

strictly increasing

strictly concave ùñ continuous

C2 except at finitely many points
even though σp¨q discontinuous!
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Comparative Statics

Theorem: Following an increase in µ or decrease in λ:

dividend thresholdm‹ Ò

governance “ monitoring Ò @m

stock price Ò @m

credit yield spread Ó @m
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Comparative Statics Intuition— Stock Price

dMt “ γMt d t ´ λ´1dCt ` σpλMt qdBt

Mt has positive drift on r0,m‹
i s

greater µ implies lower σp¨q

Mt more likely to spend time near
m‹

2 under µ2 than nearm‹
1 under µ1

Mt less likely to hitw “ 0 under µ2
than µ1

m

S

S.m; �1/

S.m; �2/

m?
1 m?

2
0

Dynamics: Monitoring increases after drop in stock price (Vafeas )
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Bond Prices

Dt “ Et

„
ż τ

t
e´r ps´t qrµ ´ pγ ´ r qMs sds

ȷ

Dt “ price of bond

Dt “ DpMt q

BVP forD …

p1 ´ λqSt ` Dt “ market value of

securities held by financiers

F pλMt q ` Mt “ value of assets

generating cash flow

Proposition

p1 ´ λqSt ` Dt

market value

ą F pλMt q ` Mt

true value

Difference = Et
“şτ

t e
´r ps´t qρpσsqds

‰

=
monitoring costs
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Credit Risk

Xt “ 1 ´ Et re´r τs

§ expected discounted extinction time
§ normalised, so Xt P p0, 1q

Credit yield spread ζt on  coupon in perpetuity is s.t.
ż 8

t
e´pr`ζt qps´t qds “ Et

„
ż τ

t
e´r ps´t qds

ȷ

Then,

ζt “
r p1 ´ Xt q

Xt
“ credit yield spread

BVP for credit yield spread

§ ζt “ ZpMt q …
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Comparative Statics— Extinction Time
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Extensions

Stochastic drift µt

§ Expose agent to observable risk
§ payment boundary depends onWt and µt

Measure of Governance needs Governance Measure

§ Vt “ local volatility of stock price via Dupire’s Formula
§ ∆t “ Delta of compensation
§ St “ stock price

General moral hazard and monitoring
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Monitoring Intensity—General Moral Hazard

Milgrom-Roberts
when pay-sensitivity β is higher, monitoring
is also higher (because σ is correspondingly
lower)

monitoring and pay-sensitivity are
complements

sensitivity β increasing in optimal
action

Follow Sannikov
Output dXt “ atd t ` σtdBt

Effort cost hpaq “ 1
2a

2

IC βt “ at

Monitoring Intensity

β “ ´
“

r σ2F 2pw q ` F 1pw q
‰´1

r F pw q “ max
σ,c,β

“

r p a
“β

´cq ` r F 1pw qpw ´ upcq ` 1
2 a2

“β 2

q ` 1
2F

2pw qr 2β 2σ2
t

‰

(HJB)
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Comparative Statics via Comparison Theorem

Comparison Theorem

Let F ,G : r0,m:s Ñ R and

Ψpm, F , F 1, F 2q ě 0

Ψpm,G ,G 1,G2q ď 0

IfGpm:q ď F pm:q, then

Gpmq ď F pmq @m P r0,m:s

Doesn’t require F ,G to be C2;
Ψ can be nonlinear

Example: Stock Prices and increase in µ
BVP for stock prices

rSpmq “ γmS1pmq ` 1
2σ

2pλmqS2pmq

Sp0q “ 0

S1pm‹q “ 1

Let µ1 ă µ2. Then,

m‹
1 ă m‹

2

σ˚
2 pmq ď σ˚

1 pmq

1 “ S1
1pm‹

1q ă S1
2pm‹q

S1 is subsolution to ODE under σ˚
2 , so

S1pmq ď S2pmq @m
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Conclusion

Unified framework for asset pricing, compensation, and corporate governance

Asset price depends on balance sheet as well as governance structure…

Compensation depends on balance sheet as well as governance structure

… and vice versa

Rationalises correlations

Extensions:

§ exogenous risk
§ general moral hazard
§ measurement of governance
§ general analysis of credit risk
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SOX and Public Policy

Sarbanes-OXley Act
Disallow σt “ σ0 at any t

∆soxHpmq :“ ∆govHpmq

governance

`∆µHpmq

profitability

Effect of SOX

∆soxF̂ pmq ă 0

∆soxm
‹ “ ∆govm

‹

ă0

`∆µm
‹

ă0

∆soxSpmq “ ∆govSpmq

ż0

`∆µSpmq

ă0

∆soxZpmq “ ∆govZpmq

ż0

`∆µZpmq

ă0
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SDE forW

Continuation Utility
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Measure of Governance

Vt ¨ ∆t ¨ St

local governance

“ λσt

Vt = local volatility

∆t = Delta of compensation

St = stock price

Measurement

Vt via Dupire’s formula

§ Vt “ S1
`

S´1pSt q
˘

σpλS´1pSt qq{St

§ Local volatility of stock price

∆t measured in many ways

§ Provide bounds as function of µ, λ
§ Bounds are monotonic

Induces Governance Smile…

Extensions
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