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The role of accounting in a dynamic model of
CEQO pay and turnover

Abstract

In its current state, this paper develops a dynamic model where a firm chooses
compensation schemes to motivate CEO effort and chooses when to replace CEOs.
The contract depends on the observed streams of cash flows and accrual-based earn-
ings. In this context, accounting contributes to contracting efficiency to the extent to
which shocks to accrual-based earnings negate transitory shocks to cash flows. The
optimal turnover choice depends on economizing the net costs of termination and
the costs of incentivizing the CEO. In future work, we will structurally estimate the
model’s parameters to evaluate its descriptive power and to quantify the effects of
the information environment on contracting efficiency.



1 Introduction

This paper develops a model that is a step to a broader project in which we will
quantify the effects of accounting information on CEO pay and turnover.The model
extends (DeMarzo and Sannikov 2017) in two ways. First, (DeMarzo and Sannikov
2017) examine a single employment relationship that ultimately yields terminal pay-
offs when the relationship and the firm are dissolved. In our model, the firm hires a
new CEO at each termination period. Second, (DeMarzo and Sannikov 2017) model
only a cash flow process, whereas we introduce an additional earnings process that
incorporates key features of accrual-based earnings such as matching to cash flows
over time. This allows us to disentangle the effects of information quality from the
effects of cash flow volatility.

In the model, the firm hires a CEO and is uncertain of his or her ability. The firm
and the CEO share the same prior beliefs about that ability, and the ability varies
over time. The firm designs a compensation contract to discourage shirking, and to
ensure that the CEO does not leave the firm prematurely. The firm faces costs to
replace the CEQO, and will terminate the CEO when its beliefs about CEO ability
become sufficiently low.

The addition of recurring employment relationships significantly alters the firm’s
preferred termination policy. With a single employment spell, when there are no
agency costs the firm prefers a surplus-maximizing termination policy that has the
same form as in standard real options problems. With recurring employment rela-
tionships, the surplus-maximizing policy reflects the incentive to economize the net
cost of replacing agents, which is the difference between the firm’s costs of replacing

the CEQO versus the value of the CEO’s outside opportunities. When there is no net



cost of replacing the CEOQO, the surplus-maximizing policy matches the myopic policy,
whereas the surplus-maximizing policy in standard real options problems terminates
at strictly lower values than the myopic policy.

When the firm faces no agency costs and must only meet CEOs reservation utility,
it prefers a strictly lower termination threshold than the surplus-maximizing thresh-
old. The reason for this is that the firm wishes to economize on its cost of hiring a
new CEOQO, and does not consider the value of the CEO’s outside opportunities. By
delaying termination, the firm reduces overall surplus, but also reduces the value that
it must share with the CEQO.

Currently, we derive the optimal termination policy within the class of contracts
with a constant termination threshold. Given such a contract, the effect of information
quality on firm value and CEO turnover hinges on whether the CEO has a relatively
high reservation utility. When the reservation utility is low, firm value is everywhere
increasing in information quality, and higher information quality leads to shorter CEO
tenure. When the reservation utility is high, greater information quality leads to a
lower termination threshold. This occurs because a high reservation utility implies
a relatively high cost of hiring a new CEQO. The lower termination threshold then
implies longer CEO tenure with higher information quality.

In future work, we will further develop the model by deriving the fully optimal
contract, without restricting the termination policy. We will also structurally estimate
the model’s parameters to evaluate the model’s fit to data and quantify the effect of

accounting information on firm value and CEO turnover.



2 Model

2.1 Setup

Our model extends DeMarzo and Sannikov (2017) by including a CEO turnover de-
cision, an earnings process, and multiple firms. There are N firms in the economy.
Each firm n € {1,2,..., N} has a CEO and sets compensation to optimize its net
cash flows. We denote the firm’s time ¢ cumulative cash flows by z,,;, and its time
t flow compensation to the agent by c¢;.The firm’s cash flows depend on an unob-
servable industry-wide component p,, and the CEO’s ability p,,. Both of these are
unobservable so that firm value from the principal’s perspective depends on estimates
for = Ei|pg,) and f1,,, = E¢[p,,,]. The firm incurs a cost k& when replacing the CEO, at
which time it hires a replacement CEO with ability normalized to zero. We denote
the current CEQ’s continuation value by wy.

We can write the firm’s value b, = b (jig;, fi,,;, we) as follows where 7; denotes the

ith stopping time to replace the CEO and the discount rate is r:

t T

b (frops fimts we) = Ey [fn e (days — cods) + >0y (fﬂﬂ e "7 (dzps — cods)

- Et [j:—l e—r(s—t) (dl’ns - Cst) + e_r(ﬁ_t) (b (ﬂOTlv 07 le) - k)] :
(1)

The second line incorporates the recursive nature of the firm’s payoff.
The firm’s cash flows depend on random shocks, the CEQ’s effort, the CEQ’s
ability, and CEO turnover decisions. Each firm n has cumulative cash flows x,; at

time ¢ that evolve as follows:

dxnt — (,U/Ot + Moy — ant) dt + Oy (ﬁdzﬂxt + dcht) ) Tno = 07 (2)

o e—r(Ti —t) k) i|



where a,; > 0 is the CEO’s unobservable ‘bad’ action (e.g., shirking), p,, is the
unobservable industry profitability, u,,, is the CEO’s unobservable ability, and zg.
and z,,; are independent standard Brownian motions that represent shocks to the
respective common and idiosyncratic portions of cash flows. The parameter o, scales
volatility and [ scales the common versus idiosyncratic portions of volatility. The

profitability processes evolve as follows:

d:u[)t = ﬁgudzﬂuty d;unt = Uudznuta (3)

where 0, is a parameter and 2o, and z,,; are independent standard Brownian mo-
tions that represent shocks to the respective industry and CEO-specific portions of
profitability. The term p, includes any correlated aspects of CEO ability so that ,,
is purely idiosyncratic.

The firm also has a cumulative earnings processes e,,; that evolves as follows:
dent = 9 (xnt - ent) dt + Oe (BdZOet + dznet) ) €no = 07 (4)

where the parameter 6 governs how quickly accruals reverse in the sense of cumulative
earnings converging to cumulative cash flows, 0. is a volatility parameter, and 2.
and z,.; are independent standard Brownian motions that represent shocks to the
respective common and idiosyncratic portions of cash flows.

We assume that investors also directly observe the industry-level components of

cash flows and earnings, xo; and ey, with:
dzo; = pgdt + Bordzou, deg; = 0 (xo; — eor) At + Soedzger- (5)

Directly observing the industry-level cash flows and earnings is equivalent to observ-
ing the vector of all firms’ cash flows and earnings where the number of firms N

approaches infinity. This simplification allows for tractable solutions to the filtering
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problem to infer the firm- and industry-level profitability.

The agent obtains a benefit Aa, from shirking, where A € (0, ;% )so that the
action is socially wasteful.! In addition, if the contract calls for shirking of a; and
the agent engages in shirking G, # a;, then this distorts the principal’s process for
learning the CEO ability u,,. In this case, the agent’s beliefs fi;, do not equal the
principal’s beliefs fi,,,. If the agent leaves the firm when the agent’s and principal’s
beliefs are fi, and fi,,, respectively, then the present value of his future payoffs is
I%(/]t, fi¢). Denoting by 7 the stopping time at which the agent leaves the firm, the

agent’s continuation value is then the following where E{[-] denotes expectation with

respect to the agent’s beliefs:

w? = B { / e "D (Nay 4 ¢)ds + e T R(1,, i) | (6)
t

2.2 The filtering problem

The following presents the steady-state beliefs fi,, and ji,, for the case where the
agent takes action a; > 0. We later show that a; = 0 in equilibrium. The appendix
presents the derivations. We assume that all parties share the following priors where
e = {fss fogs - - - line ), 1 denotes a vector of ones, 0 denotes a vector of zeros, and

I denotes the identity matrix:

()~ N (0. (%577))) - (7)
In other words, all correlated profitability comes via the p,, term and the p,, terms

are purely firm-specific.

'DeMarzo and Sannikov (2017) place the weaker restriction A € (0,1). We require the more strin-
gent upper bound on A because A > *— will cause the principal’s payoff to decrease in profitability
for sufficiently high levels of profitability due to the costs of compensating the agent.



We denote the shock correlations as follows:

Pue = éE [dzoutdZOxt] = éE [dznutdzmt] )
Pue = éE [d2o,ed20e) = éE [ dzned , (8)
Poe = éE [dZOxtdZOet} = éE [dznxtdznet] .

The steady-state variances are:

Tn = hthOO vary (/l’nt = 0u0y (\/ 1 - p,ue 1 - pze) (puz - puepxe))

— auax\/(l —p2,) (1—p2,) (1 \/szmp)) > 0, ©)

TV N
std(zu|ze)std(zz|ze) a corr(‘z, vel2e)
iRz |Ze

fA}/O = hmtaoo var (/JJOt) = ﬁ2;yn

The belief processes evolve as:

digy = PBoudZou,

(10)
dit,, = o0,dZnu,
where:
A o o, 1 A p‘u,eo—lt_l/pzeo-ﬂf 1
dZOut = Vﬁ m (dl’()t — /LOtdt) +T Boo (de()t —0 (330,5 — eOt))
N -~ 7 N -~ s
dZost dzoet
R o . N .
dZnu = vEE - &z L Az — (fgp + flyy — ne) dt — BoadZos) (11)
-~ g
dén:ﬂt
Puedpn—VPre0z 1
4 on L O'_e (dent — 9 (xnt — emg) dt — ﬁo—edZOet)y
-~ 7
dznet
1
where v = Z” 172 5<. On the equilibrium path dZo,:, dZ,,t, dZozt, d2os are Brownian
xT

motions and we can express the dynamics of cash flows in terms of observables:

dﬂ?Ot = /AJJOtdt + Bazdéoxta d.fl;nt = (:&’Ot -+ lant) dt + O (ﬁdZA'Ozt + dénxt) . (12)

If the agent deviates from the equilibrium action a,; by taking action a,;, then

the principal’s beliefs fi,,, continue to follow (10), while the agent’s beliefs fi, follow:
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a 1-p2, R ~a R N
aic, = o, < [ L (g — (g + iy — )t — (s — figydl)
— 2
+ (pp,e — Do 1_’;5;:) dznet) (13)

= Aty + V (Cng — Qg — ([‘gzt — fly)) dt.

The above dynamics imply the belief divergence oy = i, — 1, is:
t
oy = u/ e V(t=9) (Gns — ans) ds, day = v (4 — ay) dt. (14)
0

The term v is the rate of decay of the agent’s information advantage. In DeMarzo and
Sannikov (2017), v = Z—: In our setting, the introduction of earnings can increase or
decrease v from that benchmark. For example, if earnings shocks are highly correlated
with shocks to the profitability process (high p,.), but not with the cash flow shocks
(low p,.), then earnings will be highly informative about profitability but relatively
less useful for controlling agency costs (low 4,, and v < Z—;‘)

For convenience, we express the dynamics in terms of the information generated
by the shock dz,,; to beliefs about p,, and the portion of the earnings shock dz;

that is orthogonal to dz,,:, which we denote by dz,. = % (dznet — p#ediwt).

lfpp,e
The filtration generated by {dZ,,:, dZ,c:} is informationally equivalent to the filtration

generated by {dZ,.¢, dznet }-

2.3 Contracting and the first-best solution

The firm pays flow compensation ¢; to the CEO, which must satisfy ¢; > ¢ > 0. We
follow DeMarzo and Sannikov (2017) and use a linear form for the CEO’s termination
payoft:

R(fuy, i) = Ro + Ryufiny +22 (1% — fine), (15)
N —r

R(f)



where the term #( fin,— fi,;) reflects that the CEO can earn A—1) from the deviation
oy — 1, given in (14) in perpetuity, and the parameter ¢ € [0, A] represents the extent
to which the agent’s information rents are firm-specific. Because Ry and R, are fixed,
this specification omits the possibility that the CEO’s outside opportunities change
during the contract period. In other words, the firm can anticipate any ‘poaching’ of
the CEO. Furthermore, principals do not choose R, and R, so that we do not treat

the CEQ’s termination value as being paid by the firm. As in DeMarzo and Sannikov

(2017), we assume that R, € [0, A (% + l) — %) or, equivalently, A > —= (rR,, + )

T v+r

so that A € (%4 (rR,+¢), %5).
With no agency costs (a; = 0), the firm-specific portion of the total surplus is the

following;:

Un () = Ee [ €7D ds + 770 (0, (0) + R (ji,,) — k)]

= %ﬂnt + Et [e_T(T_t) (Un (O) - %ID“’HJT + R (/lm') - k)}

(16)

and the total surplus is %ﬂOt + v, (f1,,;).- The myopic policy compares keeping the
current CEO in perpetuity for a value of 1/, to terminating the CEO for the net
benefit of R (fi,,) — k and hiring a new CEO with ability normalized to zero. This

gives the myopic termination threshold:

= Rp)—k = op =0 (17)
7’_ H
Optimal termination policies consider the value of the termination option and have
lower thresholds.
The contract is a (o, €os, Tnt, €nt) Measurable pair (¢, 7) where ¢; denotes cash

payments, and the stopping time 7 denotes the time of contract termination. Given

the filtering process described in expressions (10) through (12), we can write the firm’s



payoft as follows where wyq is the CEQ’s initial expected value of working for the firm:

b (figgs flngs We) = Lig, + By [ / e (1 — ag — c;) ds + e "0 (b, (0, w) — k)
t

-~

bn (ﬂnt 7wt)

/

(18)
At each termination date 7;, the firm selects a compensation process c¢;, an action
process a;, and a termination policy 7;,1 to optimize the above payoff subject to the

following participation and incentive compatibility constraints:

Ti+1
w, < E / e ") (Nag 4 ¢ )ds + e T R(/}mm)], (19a)
wo

Tit1
w, = E / e*'f‘(S*”()\as + Cs)dS + e*T(THl*t)R(ﬂnTﬂ_l ):| >R (ﬂnt) , (19b)
t

Ti+1 A
wy,, > E / e ") (N + ¢)ds + e T T R(fiyr,, ﬂiml)] , Ya;(19c¢)

L i

We further restrict lump-sum payments to be nonnegative. The constraint (19a) is
a participation constraint requiring that the new agents expect value of at least w,
to accept the contract. The constraint (19b) avoids the agent leaving early under
the prescribed actions a; and termination policy. The constraint (19¢) implements
the required actions a;. DeMarzo and Sannikov (2017) show that the (19¢) can be
written as of the initial date and need not include the choice to terminate early.

With a; = 0, the firm-specific portion of the principal’s surplus is:

bo(flng,wr) = E[[] e (f,, — c5) ds + 777 (b,(0,wo) — k)]
= B [[7 e 0, ds + 70 (b,(0,wo) + R(f1,) — k)] —w, (20)
= 0, +E [e T (b,(0,w0) = Lfi,, + R(Rt,) — k)] — wy
The following proposition summarizes the termination rule p 1 that maximizes the

surplus v, and the firm’s preferred termination policy 1, that maximizes the firm’s



payoff b, when only the participation constraint must be considered.

Proposition 1. 1. The surplus-maximizing termination policy 1s:

£ (s-2%)
L=t~ e [ 1+w|—em 7o Vo <p, (21)

where w(e) denotes Lambert’s W function, and w(e) increases from —1 atk = R

to zero as k — R — oo. The value function under the surplus-maximizing policy

18:
~ ~ o —V2r (i, — o
Un it 11,) = Lty + S V2 o)/ 7e (L R (22)
where ¢ 2Pt/ 70 _ Eq [efr(Tft)} reflects the discounted stopping time.

2. The firm’s preferred termination policyﬂp (including only the participation con-

straint) is:

Var 1 ou
R T T N I A B
A s T o By
The value of firm-specific profits is:
~ N o —V2r T o
bl Wi 1) = Lty + Fe VU (L RY —wy (24)

This value can be implemented with a contract that pays the agent c; = rw, at

all dates t < 1 and a lump sum of w, — R(Hp) at contract termination.

3. The value of firm-specific profits is positive if and only if w, < w = (l — Ru)

T

2o (1, on).

Op

If w, < w, thenﬁo— Vo S, <y <R

In standard termination problems, the optimal threshold is B, = \‘;—;7 <p I Here,
the threshold p 5 reflects the ability to economize on the net cost k — Ry of firing.

When k£ = Ry, a zero threshold maximizes surplus because it is costless to immediately

10



fire the CEO given the slightest evidence that his ability /i, falls short of the average

of zero. As the cost of firing kK — Ry becomes large, the surplus-maximizing threshold

Opu

approaches v in standard termination problems without replacement. The

value function in the first-best case does not depend on information quality. It is not
until we introduce the potential for moral hazard (a; > 0) that information quality
plays a role in payoffs.

The firm prefers a lower threshold than the surplus-maximizing threshold. This
differs from prior studies where both the firm and the agent have the same horizon
and the firm prefers the surplus-maximizing threshold when there are no agency costs.
If each agent is held to his reservation value of wy, then the first-best threshold u 1

yields the following expected surplus to the firm at each hiring date:

Varp, Jou (1 1
;_576 [y Y (; — R“)J— WMO . (25)

—_——

Present value
of payments

~
Total surplus

The firm’s preferred policy B, < g, incurs the cost of a lower surplus in order to
reduce the present value of payments to agents, which can be seen by the absence

of a term multiplying w, in (24). In our setting, the firm faces costs from

1
o2l
future agents that it cannot mitigate by contracting with the current agent. The firm
prefers to delay these costs, and the firm’s preferred threshold 1, equals the surplus-
maximizing threshold p , only if the agent has a zero reservation value (w, = 0). In
DeMarzo and Sannikov (2017), the firm deals with only one generation of agents and

the firm will prefer the surplus-maximizing termination threshold in the absence of

moral hazard.
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3 Constant termination contracts

We consider contracts that have a constant termination threshold p throughout the
contract’s life. When the minimum payments ¢ are sufficiently low relative to the
agent’s termination value R(u), it is possible to construct contract where the incen-
tive compatibility constraints are everywhere binding. The resulting contract sets
the agent’s continuation value to the minimum level required to maintain incentive

compatibility.

Proposition 2. The following hold for contracts with a fized termination threshold

a8
1. If wy < w(0, i), then the agent’s participation constraint does not bind.

2. If %g > R(ﬁ) — \‘;—57%, then the incentive compatibility constraints are not binding

for some fi,,.

3. If %g < R(H)_\j—%%’ then the unique incentive compatible contract with threshold

i has payments:

Ct = TR(&) - 1/}0_57, + )\V’err (ﬂnt - H) 2 (&) (26)

that yields the following continuation value:

Wit 1) = R(p) + A (34 2) (10— 1) = 29 (1= e/ Z )/} (27)

The fastest possible payments include a lump-sum of max{0, w, — w(ji,,, 1)} at

contract initiation to satisfy the CEO’s participation constraint. The value of

12



firm-specific cash flows to the principal is:

~ ~ e” 2T(Ant_i)/0' ~
bn(:u’nt) = %Mnt—i_ﬁ ((% - RM) (Ho - ﬁ) - maX{Q(Qﬁ)an}) _w(untvﬂ)

(28)
and at the initiation of each CEQ:

~ emﬁ/a
b (0) —mac{0, wy— (. 1)} = 1= (2 = Ry) (11, = 1) = ey mao{a(0, ), 1o}

1
(.

4 .

J/

Vv Vv
Total surplus Value of payments

(29)

4. The smooth-pasting condition b, (1) = 0 yields the optimal termination threshold

1% and yields the firm-specific cash flows:
bt 1,) = L+ €72 Unt) /708 (L3 (34 1) 4 £) — (i, 1) (30)

The periodic compensation is:

eV2ru/o eV2ru/o eV2ru/o
l_eﬁ—rﬁ/i# (; — Ru) (EO - H) - M/T—&LL max{w(0, p), wy} — 1\/7—”/;;# w(0, 1) (31)

f:“ csds = rR(u) — 1&@ + A (f:Jrl fi,sds — H) :

B[ eds] = rR(u) =6 25 + M (s — 1)

O'y, 1-— ppe

Earnings impacts the compensation via v = =2
xre

. The more correlated earnings
is with fundamentals (higher p2.), the lower is v and the greater is the incentive pay.
A higher correlation with cash flows (higher p?.) increases v and lowers incentive pay.
Both of these effects obtain because the purpose of incentive pay in the model is to
discourage the CEO from shirking. From (11) and (14), we see that v reflects the
impact of cash flows, and the effect of shirking on cash flows, on beliefs fi,,. When

pie is high, earnings receive relatively high weight when forming beliefs, and cash

flows have relatively low weight. The firm must accordingly make incentives very
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sensitive to beliefs to make pay sufficiently sensitive to shirking. When p2, is high,
cash flows receive relatively high weight when forming beliefs because earnings are
somewhat redundant. Because beliefs are very sensitive to cash flows, lower incentives
are needed to make pay sensitive to shirking.

Part 4 of Proposition 2 implies the following corollary:

Corollary 2.1. If the firm chooses an optimal constant termination threshold, then
the value by, (f,,) is an increasing, convez function of beliefs [i,, and beliefs can be

expressed as an increasing, concave function of b,,.

Corollary 2.1 is useful because it provides a means to use observable market values
to estimate unobservable beliefs about CEO ability.

Corollary 2.1 also implies that compensation will be a concave function of market
values, which differs from the typical intuition that compensation is a convex function
of market value. The reason is that compensation is linear in beliefs about CEO
ability, and the termination option renders market values a convex function of beliefs
about CEO ability. The model includes no opposing forces such as risk aversion or
adverse selection that might lead to convex contracts (See, e.g., Hemmer et al. 1999;
Beyer et al. 2014).

Proposition 2 also implies the following effects of v on the termination threshold

and information quality:

Corollary 2.2. If the firm chooses an optimal constant termination threshold, then:

1. If the reservation value is sufficiently low (w, < w(0,u)), then firm value
b ([t Ec) is increasing in v for all fi,, and the termination threshold p  is

INCreasing i v.
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2. If the reservation value is sufficiently high (w, > w(0, 1)), then firm value

by (fi; 1t ) is increasing (decreasing) in v for high (low) fi,, and the termination

—C

threshold B, 18 decreasing in v.

Corollary 2.2 implies that higher information quality, in the sense of higher v, is
associated with shorter CEO tenure when CEOs have low reservation utilities, and

vice versa when CEOs have high reservation utilities. Specifically, the density of the

time-to termination 7 is:
ﬂntiﬁ

2
f <S, /Aj‘ntiﬁ> — MMG_( ou ) /2s=t) (33)

p Tu 2 (s—t)3 ’

which implies that the probability of termination by some time 7" > t in the future

is the following where @(-) denotes the standard normal distribution:

P, (r <T) =20 (— ot 14 ) . (34)

ouVIT—t

This probability is increasing in p for all . When the CEO reservation utility is high,
firms must make upfront payments when hiring a new CEQ, which creates incentives
to delay termination.

The effects of information quality © on the termination threshold p arise because
of the role played in overall compensation to the CEO. Over the life of the contract,
the firm and the new CEO expect pay valued at the greater of the reservation wage
wy or the value of payments from the firm w(0, ). The value of w(0, i) is decreasing
in v, making it relatively less expensive to hire a new CEQO. This effect swamps the
lower cash compensation that a higher v allows the firm to pay the current CEO.
When the reservation wage w, is high, a higher v has no marginal impact on the

cost of obtaining a new CEQ, so that the only effect of v is to make it less expensive

2This is a somewhat standard result that one can derive applying a reverse Laplace transform to
By o= =0] = eV a) o
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to compensate the current CEQO. This leads to a lower termination threshold when
CEOs have a high reservation utility.

While it may seem counterintuitive that higher information quality v can reduce
firm value, as in Part 2 of Corollary 2.2, the reason is straightforward given the effect
of v on the termination threshold. The value b,, of firm-specific cash flows reach their
lowest point as fi,, approaches the termination threshold. A higher v reduces the
termination threshold, which means that the firm will allow the value to drift lower
before terminating the CEQO. This naturally implies that a higher v will reduce b,
for small values of fi,,. As fi,, increases, the effect of v on reducing agency costs

dominates and higher v increases firm value.

4 (Generating discrete data

To estimate the model, we will use data observed at discrete intervals. In this sec-
tion, we derive the behavior of discrete observations of data from our continuous
time model. The dynamics of the industry-level processes imply that we can express

discrete changes as follows for a time increment of size ¢:

Kot = :uo,t—é_'_(SOuta

Tot = Tog—s+ 5ﬂo,t—5 + doat, (35)

1—e— 99

et = O (1 - ) Hot—5 (1 - 6796) Tos—5 + € Peg s+ Ooet

A~

Hor = (1 - ewa) Hot—s + efmsﬂo,tfa + doats
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where:

Sout = By [, 5 dzops:
dout = f ftt_(s ((t = s) 0udzous + 02d200s) ,
Ooet = Ooat — 300ut + Poy ftt,(; e d 2z, (36)
boe = B[ (1) 0,dz,
+ ftt_é e—v(t—s) (yaxdzogcs + (pueau — V,Oxedm) dz()es) >,

and the accrual shocks are:

1 1
dZOnt - oy (OedZOet — 0,d200 + §O-Md20ut) )

(37)

o, = \/03 + 024 o2 +2 (3 (Pucc = Puala) Ou = Preate)-
When firm-specific profitability /i, hits the threshold p < 0, the CEO is replaced,
resulting in a new draw of /i, from a normal distribution with mean 0 and variance

¥,,- The firm-level processes imply the following:

Pt = L oo Pngs + La, s<u Fing—s + Onpt;

Tnt = Tpt—s+ d <M0,t75 + 1ﬂn,t76>ﬁn/j’n,t76 + 1ﬂn,t75§gn/~‘n,t75> + ozt + Onat

_e— 09 ~
Cnt = O (1 -1 55 ) <lﬁo,t7(s + 1ﬂn,t,5>gnlﬁn,t7(5 + ]‘ﬂn,tfééﬁnﬂ’n,tf5>
+ (]- - eﬂ%> Tnt—6 + 6795671715—6 + 506t + 5neta (38)

N . s ~
Hpe = (1 —¢€ ) <1ﬂn,t—5>ﬁnun,t*5 + 1ﬂn,t—5£ﬁnun,t*5)
—us N
+e™” 1ﬂn’t_5>ﬁn,un,t75 + 5nﬂt>
/:Lnt - 577,,&157

where 0, is a draw from a normal distribution with mean 0 and variance ¥,,, and:
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Onut = 0y fttﬂ; dzpnps,

Onzt = ftt_é ((t = 5) 0pdznpus + 02d2ngs)

Onet = Onat — §0nut + Oy f:_(s e =9dz,,., (39)
O = i (1= e7"0) oz

+ ftt_é e v(t=s) (Vaxdzms + (pﬂeau — Vpxeax) dznes) )

We can write the system of processes as follows where ¥/, = {it,1, Tnts Ents fongs Pont }

;o / / / r_ Y / /7.
yt - {y1t7 y2t7 ety yNt}7 (snt - {(sn,uta 6nxt7 5net7 5nﬂt7 5nﬂt}7 and 6 - {élta 2ty Nt}'
(yOt ) _ Ao 1y®0axs (yo,t—é )
Y IN®AN) INQANN Yi—s (40)
+ 1 1y ®04x5 (60,5)
In®Don IN®I5 6: />
where:
1 0 0 0
1) 05 1 0 0
Ay = 5(1—1’55 ) 105 =05 o |,
1—ev° 0 0 e
0 000
1 0s 000
l—e”
Ao = 5(17 5 )000 ,
T
lp‘n,t75>ﬁn 0 0 0 111n7t,5§gn
1ﬂ”1t_5>ﬁn 1 0 0 1[‘n,t—6§ﬁn6
— 1—e % —05 ,—65 1—e—%
Any = 1%#6%”5(17 o ) 1—e % ¢ 0 Ly os<n 0( 1= "5 ,
s —us _us
1ﬁn,t—5>ﬁn(1*e i ) 0 0 1p,, s>p,¢" 1ﬂn,t—5§ﬁn(1*e V)
0 0
Hi
D = 0010
oN 0000
0000

(41)
To generate the shock vector {8y, d;} from independent normal random variables,
it can be written as:

(%) = Csby, (42)

where b; is a 4(N + 1) vector of standard normal random variables and Cj is from
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the Cholesky decomposition of the covariance matrix of the shock vector:

ﬁQEnn 1IN®04><5
8 / _
C‘ch = B |:< 50:) <60t % )] o (1N®05><4 IN®(27WL 94) ) ’

o (43)
Z. = Blodi = ().
wiv Op Ofie O
The elements of X, are:
Oup = 605”
Ope = 0 (ag + 00,,0,04 + gaw) ,
Oce = Oant 350uu — 250,
+6 (T 249 ( pmam — #plma» Un) ,
Opp = Oup (1 - % (1 - puﬂ)) )
Ope = 0 (Souu+ ,OMUNJZ,) , (44)
Ope = Oug UW + 51 pwaﬂan,
Opp = Opp (1 - 1_5;6 (1 - puﬂ)) J
Ope = Opy— %UW +9 (% (# — 6*95> PunCuly + 1= —s 6,0”703607,)
Ope = 0 (%UW + e*”‘spﬂxauagc + (1 — e*"‘s) plwauaw) ,
e = Opo— GOup +0 ( 05 pmz + 1_(%;(3;)6 (pfm - pun)) TuOn;
where
Pun = # (Puete = Paa + 50)
Pon = o (PacOe = 00 + 591001)
Pen = L ( ~ Pze0z T gpueau) (45)
Pui = et (Due = Pretoe) \/ T2,
pra = /(1= 72) (1= 92) + Prehc
Pan = é (pueae ~ PpaOz T %puﬂaﬂ) :

In future work, we will use the above processes to simulate data and estimate the

model using simulated method of moments.
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5 Conclusion and future work

This paper develops a continuous-time, dynamic contracting model that we will use
to quantify the effects of accounting on CEO turnover and firm value. Within the
context of our model, accounting quality depends solely on the ability to use earnings
to filter out transitory shocks to cash flows. Filtering out these shocks reduces the
cost of inducing CEO effort.

The repeated termination and hiring in our model introduces issues and complexi-
ties that are absent in models where there is only one employment period. Specifically,
the firm will never prefer the surplus-maximizing contract even if there are no agency
conflicts. The reason for this is that the firm always has an incentive to reduce the
overall surplus in order to reduce the value it must share with current and future
agents — a problem that it cannot resolve with a contract with the current agent.

In future work, we will derive the fully optimal contract without restricting to

constant termination policies, and will structurally estimate the model’s parameters.
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Appendix

The filtering problem (Section 2.2)

The filtering problem uses the Kalman-Bucy filter (Liptser and Shiryaev 2001, The-
orem 10.3). To set up the dynamics for the filtering problem, first note that the
ability to directly observe industry-level cash flows and earnings eliminates the need
for a given firm n to utilize the observables from other firms. The filtering problem
then reduces to using the industry-level and firm-specific cash flows and earnings to
infer industry-level and firm-specific profitability. Denote the vector of profitabilities
by w, = {ptoss fnet and denote the vector of observables by vy, = {zo, €ot, Tnt, €nt }-
Denote the vector of agent actions by a; = {0,0, ay, 0,a2:,0, ..., ayns, 0}. Denote the
vector of shocks to profitability by z:n = {20ut, Znue} and the shocks to observables
by 2z, = {Z0wt, Z0ets Znats Znet }- We can express the shocks in terms of the vector z; of

six independent Brownian motions as:

(d> — C.dz. (A1)

dzyt

The matrix C, is from the Cholesky decomposition of the covariance matrix of dz

and dz;:
r_ 1 dz,e dz’ . dz’ _ Iy 12®T1Ly
C.C, = 1F [(dzyt>( uds)| = (02 o) (A2)

where 7, = {p,., p,..} and:

R.. = (") (A3)

The restriction that the covariance matrix is positive semi-definite requires that:

Puzs Pue> Pe < [_17 1]7 Pze € PrePuz + \/(1 - pie) (1 - pim) - [_17 1]
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When the agent’s action a,; = 0, we can then express the dynamics of the unob-

servable profitability and observable cash flows and earnings as:

d”t = ( X, 02x4 ) CZ dzt

~—_————
B,
dy, = (19)®(§)) mdt — adt + (T2 @ (9 %)) y,dt + (0ax2 Cy05a ) C, dzy,
—— —r ~ g -
A, Ay By
(A4)
where:
Cy=(5Y),  Zu=(%2) (A5)

The filtering problem gives profitability estimates fi; = {jio, f,,; } With covariance

matrix I'; = var, (u,) and the following dynamics:

d[jl,t = thnt,
dn, = dy, — (Auﬁft — a.dt + Ayytz dt, (A6)
/ / I\ —
K, = (B,B,+IA})(B,B]) ",
dr, = (B,B, - K.(B,B} +A,I"))dt.
In a steady state, df't = 04,4, which implies steady state posteriors of:3
ﬂAyn = Valy (lunt) = O0u0g <\/(1 - pie) (1 - p%e) - (p,uz - pyeﬂxe)) ) (A?)
Fo = Vars (Ho) = B4,
The corresponding gain matrix is the following where v = Z—:\/ %:
Koo = (1)@ (yoeotiets ) (AS)

which gives expressions (10) and (11). The vector of observable Brownian motions

3The other solutions to the steady state either imply negative variances or that the posterior
covariance cove, (g, fhne) has a nonzero imaginary component.
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{dZout, dZ0xt, d20et, AZnput, A2nat, dznet } has the correlation matrix:

1 pﬂz ppe
12®<pﬂx 1 pa:e), (Ag)

Pue Pze 1

where:

Pie =SB (Anydinar] = LE[A2uuznar] = puepue + /(1= p2) (1= p2,).  (A10)

Supporting results

Lemmas Al and A2 are similar to results in DeMarzo and Sannikov (2017), and we

show that they hold in our setting.

Lemma Al. In an optimal, incentive-compatible contract, a; = 0 and it is unnec-
essary to include the possibility of early termination. Specifically, for any incentive-
compatible contract (c;, T) with actions ay, there exists another incentive-compatible
contract (¢,,7) with actions a; = 0 that gives the same payoff to the agent and a

weakly higher payoff to the principal.

Proof. Denote by F; the filtration generated by the observed cash flow and earnings
processes (x¢,e;). Now take an adjusted process &; = x; — f(f asds and denote the
filtration F, as the one generated by (Z¢, e;). The original contract has payoff ¢;(F;)

and stopping time 7(F;). Now consider a new contract:

ét = Ct(ﬂ) + )\at, T = T(E) (A]_l)

Denote by a, the diversion under the new contract. Then dz;, = dz; — a;dt = (1, —
a; — a;)dt + 0,dZ, so that ct(]}t) equals the payoff flow that the agent would obtain

by taking action a; + @; under the original contract, and the extra payoff Aa; under
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the new contract is the same as the agent’s diversion payoff from taking action a,
under the original contract. Also, the stopping time 7 under action a; is the same as
taking action a; + @; under the original contract. Condition (19¢) then implies that
a; = 0.

The the firm-specific portion of the principal’s payoff under the new contract is:
E, { / ' e " ([, — @y — &) ds 4+ e "7 (b, (0,wo) — k)]
t
=E, {/T e "D ([, — Aag — ¢;)ds + e (b, (0, wo) — k)]
t
2| [ e (= 0 ) ds 00 0, Oun) < 1) (412
t
so that the principal is better off. This shows that a; = 0 in the optimal contract. B

Lemma A2. The following hold for any incentive-compatible contract (ci,T):

1. The agent’s continuation value w; has the representation:

dwt = (th — Ct) dt + Butdlant + Betdénh (A13)
where dé,; = —”kpzeaudénet.

ne

2. The information rent has the representation:

r )

¢, =E, { / "), (Bs — Bes) ds + e A=t (A14)
t
with the following dynamics for some process (Xut’ Xet) :
A, = ((r+v) & — v (B — Ber)) At + XAt + XerdZner- (A15)
3. The IC constraint (3, > % + &, + B is necessary for the optimality of a; = 0.

4. The following lower bound for information rent holds with equality if IC con-
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straint 1s binding at all future dates:
§&>¢=2(A—yE [e0]). (A16)

Proof. We can write the dynamics of the observed firm-level cash flows and earnings

under the equilibrium strategy a; = 0 as follows:

(dm) _ <0ﬂ0t+ﬂm )dt+ (ﬁaxdzozt> 1 Cdz, (A17)

dent (xnt _ent) Boedzoet

where 2z, is a two-dimensional standard Brownian motion with:

U S W N
(gedinae) = (pw m(pﬂ pxe) ) (dzf“‘t), (A18)

oedznet 5 Znet
pueae Oe V 17pue
~~ dZnt
C

The vector z,; is a standard, two-dimensional Brownian motion with respect to the
beliefs P generated by the equilibrium actions a; = 0. Given a deviation a; # 0, the

dynamics of {x, e, } are as follows where oy = fin, — fi,,;:

N e Bozdzoq Cdz
(dgecn:) - ( Ote(xn:—entt) t) dt + (Baedzge: ) + Cdz?zta (Alg)
and:
dze dzg diwﬁi(dm_at)dt A20
Zor = | isa = 5 :
nt ( dzje ) 1ipﬁe (dZ"Et_puedzzm/) ( )

The process 2%, is a Brownian motion with respect to the beliefs P generated by the
actions a;, with doy = v (4; — o) dt from (14).

Any deviation a; # 0 must result in beliefs that are absolutely continuous with
respect to the beliefs generated by a; = 0 because, otherwise, the principal could enact
severe punishments for states that have zero probability under a; = 0 (Williams 2011;
DeMarzo and Sannikov 2017). We therefore apply Girsanov’s theorem to obtain a

relative density process for the change from the principal’s beliefs P to the agent’s P
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(e.g., Oksendal 2003, Theorem 8.6.6). In other words, dP, = ¢,dP; and the agent’s

payoff can be written as:

Eﬁ |:/ e_” ()\&t + Ct) dt + e_TTR:|
0

=Ep {/ e (Nag + ) dt + ¢ e TTR| . (A21)
0

The process ¢, satisfies:

t t
¢, = exp {—/0 u.dz,s — %/ u;usds} , do, = —,uidz,y, (A22)
0

with Ep[¢,] = ¢y = 1, where the process u; solves:

-~ ~ 08, —ay o —d o ~—1 ar—a _ v(ai—a
Cu; = (9(%@%)>_<9(§Zf—em)> =— (") = w=-C (v%)= (;H : (
(A23)

The problem is solved using a stochastic version of Pontryagin’s maximum principle
(e.g., Yong and Zhou 1999, Theorem 3.3). Denote the states by y, = (¢,, a;), with

the following dynamics:

v(at—a 1 ——fue
(gzi ) = (V(@to—at) ) de + ¢t% (0 vV B—ﬂﬁe ) dznt. (A24)
dyt byt N -

Sy
Denote the costate variables on the drifts by p, = (pst,pat), and their diffusion

coefficients by the matrix Q, = (42" &) (i.e., the diffusion term of dp, is Q,dz,;)-

dapt qaet
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The (current value) Hamiltonian is then:

v(ag—at)

H(t7 Yy, dta Dy, qt) = ¢t (Adt + Ct) + PatV (a’t - at) + (q¢ﬂt — dget \/fiepQ ) ¢t o
ﬁ—/ e

N J/

b;tpt g
tr(Qy Xye)

(A25)
where py; does not appear because ¢, has zero drift and the Q, terms that correspond
to oy do not appear because «; has zero volatility. Differentiating with respect to a;
gives:

g—g — th/\ ‘l‘patV - ULN <Q¢ut - %etﬁ) ¢t, (AZG)

which must be weakly negative in order for a; = 0 to be optimal, given the restriction
a; > 0. The costate variables on the drifts evolve as follows, where the rp, term
accounts for discounting, and a; = 0 for all ¢ implies the second equality with a; = 0,
¢, =1, and dz,;, = dz;,:
d -
<d§ii> = (rp, — DyH| ) dt + Q2

——
dp,

TPyt —Ct
frg ((T—‘—l/)pat—# <q¢‘ut_q¢et piep ) ) dt —I'_ Qtdént‘ (A27)

The boundary conditions are:

_ 0 _ ~

Dyr = 8_¢¢TR =0 - R(MTLT)’ (A28)
_ 0 _ A=

Par = 35%:1Y, g = -

The process py: is given by the agent’s expected payoff from continuing w;. To see

this, conjecture that:

Dot = W = By [/ e e ds+ e "R, )| (A29)
t
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and put:

T t
Dot = By [/ e e ds + eT(Tt)R([LnT)} = / e Pcids 4+ e "y (A30)
0 0

Because pg; is a martingale, we have:

0=e " (E[dpg] — (rps — ) dt), (A31)

J/

E[dpy
which matches the drift in (A27). We can then write the dynamics of the agent’s

continuation value as in (A13) where 3, = Lqgu, By = =2 and dé,; =
N

/_q et
iz 179%6 d) ’

pe

The process p,; is the change in payoff with respect to the belief discrepancy oy, so

it is the agent’s information rent &,. Can write dynamics of p,: as follows when ¢, = 1:

dpat = ((T + V) Pat — V (But - 6@15)) dt + QCmtdénut + chetdgnet- (A32)

Conjecture that p,s equals £, in expression (A14). The process:

T t
é-t = EPt |:/ e_(T—H/)sV (BHS - Bes) ds + e_(T—H/)T )\rw:| - / e_(H_l/)sV (Bus - Bes) d8+e_(r+y)t£t7
0 0

(A33)
is a martingale, implying:
0=—e " (((r+ )& — v (B — o)) dt — B[dE,]), (A34)
BldE,)
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so that the drift matches (A32). We can write the dynamics of the information rent
process as in (A15) where X, = qau and Xoy = Gaer- With ¢, = 1 and p,; = &, the
incentive compatibility constraint (A26) can be written as 8, > 2 + &, + 8,

If the IC constraint binds everywhere, then:

d§, = (r§, — A dt + Xutdénut + XetdZnets (A35)
and:
¢ = Epy [ / e " \ds + e *ﬂ’] =LA =¢Ep [e]). (A36)
t
To see this, put:
. T t
¢, =Ep { / e " \ds + e—”¥] = / e " Ads + e, (A37)
0 0

which is a martingale so that:

0 = —e" (r€, — X)dt — E[dg,)) (A38)
Bz,

and the drift matches the dynamics (A35).
If the constraint does not bind everywhere, then there is a nonnegative process &,

such that 3, = % + &+ B+, A€y = (1§ — A — vey) At + X dZnu + XeydZner and:

& = Ep U eI+ vey)ds + ”M}
t

I [ / e_r@_%sds} > ¢, (A39)
t
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giving 4. |
The following result is used in deriving optimal thresholds:
Claim A3. The solution z* to the equation:
0=ky— (kl —2), (A40)

182" =k —ky—w (—ekl*koko), subject to the condition —ef1—*oky > —e™1. Ifk; <0,

then the right-hand-side of (A40) is increasing in z and ﬁ >0, & e <0
Proof. Expression (A40) can be rearranged as:
—eM TRy = (ky — ko — z)eM TR, (A41)

(kl ko—z)
immediately implying the result. The condition —ef*~%0k; > —e~1 is required because

Lambert’s W function is valid for arguments that weakly exceed —e~!. The function

9(2) = ko — == (k1 — 2) has ¢'(2) = (1_9;)2 (z+e” -1~ /{:1), where z +e¢* —1> 0

for all z < 0 so that k; < 0 guarantees ¢'(z) > 0 and gives 4= - >0 < 0. [

’dk:

Proof of Proposition 1

Part 1
Assume a termination threshold p so that 7 = inf{t : fi,, < p}. The value
function satisfies the following Hamilton-Jacobi-Bellman (HJB) equation away from

the threshold JIE

2 “ -
Un (lant) = %lant + 2r Un (:unt) = Unp, (lant) - %ﬂnt + Cle\/ﬂﬂm/ﬁu + C2e_@unt/0“,
(A42)
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for some constants ¢; and co. The boundary condition that the firm does not terminate
as manager ability becomes unbounded (v, (fi,;) — *fi,,y a8 fi,,, — 00) implies that

c1 = 0. Continuity at the threshold u gives cy:

_ /o R N e~ 27‘(”” 77)/0'
1+ ce Vo r= o +R(p)—k = vy (fl) = %Mnt—{—ﬁ (; = Ry) <Eo - H) :

on(n) o ©

(= |—

Smooth pasting (v; (H) = Ru) gives the condition following condition that yields the

surplus-maximizing threshold p fb:4

0=1-— —17e\/%ﬁ/"u *f? <Ho — H) : (A43)
The solution (21) follows from Claim A3, putting z = ‘gﬂ w ko =1,and k; = ‘4—2:7" B

Because c; is increasing for all u < p s, and decreasing for all 4 € (u,,,0), this is the

Hp
unique optimum. Solving the optimality condition for Hy = Ly, and substituting into
vy, gives expression (22).

To show E; [e7""] = efﬁ(ﬂ"fﬁf’)/g”, the process E; [e™"("™)] is a martingale,

which we conjecture to be of the form e~ f (ji,,). Ito’s lemma then gives:

AE, [ 0] = —re ™ f (i) dt + €77 f () 0l +he ™ 7 () 02t . (Add)

dﬂnt

[§]

—

d[Lnt

Because E; [e*’"(T*t)} is a martingale, it has zero drift so that the portion of it
that depends on fi,, solves an equation similar to (A42). The boundary condi-
tions limﬂnt—?()o E, [e—r("r—t)] = ( and limﬂntﬂﬁfb E. [e—T(T—t)] =1 give E, [e—r(T—t)] —
e 2T(ﬂm*ﬁfb)/‘7u.

Part 2

If the firm faces only the participation constraint, then the agent payoff can be

4This condition is also equivalent to maximizing v, with respect to 4, which is equivalent to
maximizing cs.
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structured so that the CEQO’s expected value exactly meets the reservation value w,.

This gives the following payoff to the principal at each contracting date 7;:

bﬂ(07ﬂ0) = E” |:f7':i+l e o) (ﬂns - CS) ds + e Ty (bﬂ'+1 (Oa wo) - k)}
= E’Ti |:ef7”(7'i+1*7’i) <b7'i+1 (O,wo) + % (HO - ﬂn‘l‘z‘+1>>i| - wo
— 0, (0) + En [efr(Tz‘Jrl*Ti) (bn+1 (0,%) — U, (0))} — Wy

= V2ru/on <b7'z'+1(07w0) + (% - RM) (Ho - H)) — Wo-
(A45)

+1 (0,w0)

The first-order condition implies the optimal threshold = i — \‘;;‘— + iy =
Lt ) r 1_R,

, and
the second-order condition is satisfied at any p that solves the first-order condition.

Substituting back into the objective function gives:

bTi(O;wo) = e@g/au% (% - R,u) — Wy. (A46)

Because b,,11(0,w,) = b;,(0,w,), the threshold 1, satisfies:

o bTi (O’E ) g \/ﬂ o
Ep:Ho_J%JF_?_RHO:HO_\/%(l_e ﬁp/u>_%_1RHwo
_ 1 V2r 1
= 0=1-— 1_6\/551)/0“ ou (Ho o %,Ruwo - Hp) ) (A47)

which has a similar solution to the surplus-maximizing threshold p f with B, =

1w, appearing in the equality rather than K- Both p 1 and 1, have the form

%_RM_
;—g‘—rm(a:) where m(z) = z — w(—€") and z = \f? (Eo_ %) for Ky, and r =
\g_i? (HO - —%—1}2”@0> for pu . Because m/(x) = 7= and the function w(x) >

—1, m is increasing so that By < gy
To obtain the function for intermediate times, set compensation equal to rw, with

terminal lump sum of w, — R(Hp) . The CEO expects:

B [ e s 4o (Bl b R )| = (A0
t
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More generally, if the principal sets the agent’s compensation equal to rw, with a
lump sum of wy, — R() at termination, then the principal’s payoff satisfies the HJB
equation, and the payoff is maximized at p = 1, This contract gives (24), which can
be derived from direct computations using substitutions from (A47).
Part 3

Solving b, (0, wy; Hp> > 0 yields the following inequality after substituting from
(A47):

Tu

bn(O,me ) >0 < Ho> Ho VT (A49)

—p —p

The condition (A47) implies that I is strictly decreasing in w,, which implies that

up>ﬁo—j—g7ifandonlyifwo>w. [

Proof of Proposition 2

Part 1: To implement a contract that terminates when f,,, hits u, it is necessary to
set B = 0. Otherwise, w; may cross R(ﬂ), leading to termination, even though fi,,
has not crossed p. With a fixed termination contract, Eyfe " """] = e~ 2r(fine =) /o

Incentive compatibility then gives:

do— g >4 >34 =A(L+1) - LeVTes)me (A50)

<
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Taking the agent’s continuation value as a function of ji,,, we have:

ﬂnt
1%

~—— "
Value of N — e’
leaving Value of
at fi,y = p pay until
/"/nt:H
p‘nt N
> R A ) () = [T, (as)
I
= R+ A (24 2) (g — 1) = 25 (1= eV,

~~

W(fip 5 14)
If the agent’s continuation value w; < w(jl,,, jt), then incentive compatible contracts
have paths that can lead to termination prior to fi,, crossing p. Therefore, the
contract sets the initial reservation value to at least w(0, 1), and the participation
constraint does not bind for agents with w, < w(0, u).
Part 3 From Lemma A2, if the participation constraint binds everywhere and 3., = 0,

then:

O =A (G +3) — H T, (452)

In this case, w; = w(fi,,, 1), which implies:

dw; = (rwy — ;) dt + B, djl,,, (A53)
where ¢; is given by (26). To have ¢; > ¢ for all i, > pu, it must be that R(u) —

ou P
r

V2r

compatibility constraints must not be binding for some /.

> =c. Otherwise, the payments must be higher, which implies that the incentive

— r=

To establish global incentive compatibility, we show that if the CEO has fol-
lowed the policy a; = 0 up to some time %y, then the agent will not profit from

any global deviation a; > 0 for any ¢t > ;. Denoting the deviation in beliefs by
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Qp =V fti e "(=%)q.ds > 0, the flow compensation is:

¢ =rR(p) — 1/1\‘;—;7 + AN ([ — i — ) (A54)

Because the principal’s beliefs are fi,,, — o < fi,,, the termination time 7, with a
deviation is weakly earlier than the termination time 7 without. The agent’s payoff

with a deviation is:

wgo — Eto Ta e_r(s_tO)(cs + )\as)ds + e_T(T'L_tO)ﬁi(Ha :&nTQ)]

to
= B | [ e (R~ 04 A (s 1)) ds 0O R()
to

TV
Continuation value wey with ar=0 Vt>to

+ B / e "IN (4, = 5ray) ds+e—’“<“—f°>1%<g,nm>}

LJ to
NS g

vV
Incremental value from tg to 74

—Ey, / e r(s—to) (rR(H) — e+ A (s — E)) ds + e_T(T_tO)R(u)}

[\ J/

vV
Incremental value from 7, to 7

(Ab55)
Applying the implicit function theorem gives the following using o, = fi,,,, — f,

ay, = 0, and day = v(a; — ay)dt:

E., {/ er(sto)asds] — _%Eto ler(ﬂ'ato)oéq_(1 _/ efr(sfto)y(as _ Oés)dS
to

to
= B[] =g [ gt [ G, =]
to to
(A56)
The incremental value from ¢, to 7, is then:
By, [e7 ™7 (R() + (A (3 +7) = %) (e, — 1)) - (A57)

The incremental value from 7, to 7 is the following using fi,,, = p and E. [e7"(777)] =
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e_\/%(p‘n‘rg‘ _H)/O—H :

3
g
S

B, |:e—r(7'a—to) <R<H) %o (1 _ e*\/ﬂ(ﬂnmfﬁ)/%) FA L+ (i, _H))] '
(A58)

Combining terms gives:

ity £35 [r7 ( o —))] a

Opu

T

which is positive since the function x + e™ — 1 is increasing for all positive x and

flnr, = p- This establishes global incentive compatibility.

The value of firm-specific cash flows to the principal is:

bn(ﬂnta wt) = Et |:/ e—r(s—t) (:&ns - CS) ds + e—r(r—t) (bn (07 maX{M(QH)vwo}) - k):|
t
= Lt + o V2 (fn—nn) /0w (bn (0, max{w(0, ), we}) + (% — R,) (Ho — H)) — wy.
(A60)

Setting the parameters to their values at contract initiation and solving for b, (O, max{w(0, u), wo})
gives (29). Substituting back into b, (i, w;) yields (28).
Proof of part 4

The continuation value (28) satisfies the HJB equation:

Tbn (ﬂnt) - /:Lnt —Ct+ %bz (ﬂnt) ’ (A61)
and the value matching condition:

by (1) = by, (0) — k — max {0, wy, — w(0, ) }, (A62)

where ¢; is given by (26). Smooth pasting condition ¥/, (H) = 0 gives the optimal

threshold, where the derivative equals zero since the firm’s continuation payoft does
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not depend on fi,,. This gives the condition:

0= F A1)+ = i (R (i, ) — (w0, 003

(A63)
Substituting back into (28) then gives (30) after a substitution from (A63) Claim A3
can be used to solve expression (A63) for , by putting =z = \fjr <l )
(0,1), and k; = \f? (ﬂo -1 IR max{g((),ﬁ),@ﬁ) < 0. [ |

Proof of Corollary 2.1

We can write (30) as follows after explicitly writing w(f,,, pt,) and combining terms:

bulfing) = Z (A=A +2)) (2 (s —pr, ) + eV (i) by 22 —R(p ),
(A64)
which, because A < ;% implies that bn(fi,,;) is increasing and convex in fi,,,. Because
by (f1,,;) is monotonic, we can invert it to express beliefs fi,,, as a function of the firm-
specific portion of market value b;. Specifically, expression (A64) can be rearranged

as:

\Vor 1 P ou
N —V2r( iy — o op \OT R 27“+R(70)
e (unt —HC> 4 oV (fnemn,)fou _ o0 ( . 1;5) ) (A65)

The function z + e™* = k has the solution z = k + w (—e_k , giving

N G I AL o (noh i)

flny = YRy T | TPy T YETRY (A66)
Because b, (f1,;) is increasing and convex, fi,,(b,:) is increasing and concave. |
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.0.1 Proof of Corollary 2.2

Define the equation on the right-hand-side of (A63) by g(u). Direct computations

give:
0 A r
8_Z = ﬁ (1 + 1E(O’H)>HO 1—6\/;7ﬁ/0“‘ gﬁ) ?
dg _ 2r (1 1 1 V2r 1 1 1 Y V2ru/o,
g = G AC ) F lwow<u, S Ty (/\ (3 +7) —yeV?u/or —R,

(A67)

The parameter restrictions R, < A (% + l) — % and A < -2~ imply that g_fa > (0. The

r v+r

z

function 1 + is negative for all z < 0, which implies that % < 0 if and only

1—e?
if w(0, ) > wy. The implicit function theorem then gives j—% = —g;;g;, which is
positive if and only if w(0, 1) > wj.
For the effect of v on b,,, we have:
dbn(ggnt) — 6bn@(5nt) + 8b"{§fjnt) ?1_% (A68)
SN—— R;_/
>0 5
When w(0, 1) > wy, 3—% > 0 and % > 0. When w(0, p) < wy, direct computations
give:
dbnfing) _ 0w A [ 2 (5 2(ty) =
v et \/—271/_2 oy (/’l’nt _H) - ;_)\<;+;) 9 (A69)

which, because A (% + l) — R, > 0, will be negative for fi,, sufficiently small and

T

positive for fi,,, sufficiently large. [ |

39



