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1. Introduction

Every authority faces many matters each day. Which matters should be dealt with under
rules and which matters should be dealt with under discretion? Every organization has its own
set of rules and hierarchy of authority. Both are needed for an organization to run efficiently.
In practice, decision-making in large organizations tend to be under rules, while decision-
making in small organization tend to be under discretion. A key purpose of having a hierarchy
of authority is to facilitate discretionary decisions. Discretion means freedom to make deci-
sions. In a time horizon, rules mean decision-making ex ante, while discretion means deci-
sion-making ex post. A firm anticipating opportunistic projects in the future will set out rules
and discretion in the firm’s organizational structure. Some projects are better handled under
rules, while other projects are better decided under discretion. The purpose of this paper is to
offer a theory on rules vs. discretion in a firm’'s decision-making. We use an incomplete con-
tract approach, by which the contract to a manager includes a set of decision-making rights.

To our knowledge, such an approach has never been applied to this issue before.

One possible justification for discretion is that rules are incomplete due to transaction
costs. A manager has to decide for herself when rules do not mention what to do. However, we
will not rely on this simple justification. Instead, we will show that even when rules can be set
without transaction costs, they may be intentionally set incomplete so that discretion can
serve to improve efficiency under certain circumstances. Under a complete contract, a manag-
er is obliged to follow the rules specified in the contract; under an incomplete contract, a
manager has the discretion to make ex post decisions based on the circumstances. For a firm
anticipating opportunistic projects in the future, taking into account risks and incentive prob-
lems, what projects are better decided under rules and what projects are better decided under
discretion? Our study addresses this question by comparing the advantage of rules in offering

incentives with the advantage of discretion in handling risks.

Managerial decisions in practice are made based on either rules or discretion. Hiring by
certain criteria such as age, working experience or educational attainment is an example of
decision-making under rules. Rules are popular in public bureaucracies, suggesting potential
benefits from rules. At the same time, public bureaucracies are also known for red tape, imply-
ing negative effects of rules on social welfare. Discretion offers flexibility when changes or
unexpected events occur. At the same time, discretion encourages decision makers’ opportun-
istic behaviors. In practice, conservative projects with low expenditures or low expenditure to
guality ratios tend to be decided under rules. For example, firms often follow given rules when
hiring low-level labor since it involves low salaries and its value to the firm is relatively clear.
Also, every company has some small discretionary budget that managers can tap into when

needed. On the other hand, discretion often applies to risky projects with high expenditures or
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high expenditure to quality ratios. For example, the hiring of high-level labor is often based on
discretion since it involves high salaries and its value to the firm varies across individuals.
Most employees have well-defined responsibilities that give them little freedom in decision-
making, since conservative projects with low expenditures and balanced expenditure to quality
ratios are common. However, company executives are typically given much freedom in deci-
sion-making. Executives encounter a wide range of projects and face many unexpected situa-
tions involving supplies, competitors, distributors and other stakeholders. In an environment
of great uncertainty, executives need freedom in decision-making in order to handle future
projects efficiently. Discretion allows executives to tap their experiences, expertise, judgement
and wisdom to make the right decisions. Krug (2009) quoted Carl von Clausewitz’s view that
the outcome of direct conflict is largely unpredictable, since “people often interpret the same
events differently and competitors often respond in unanticipated ways”. Hence, executives
need discretion to respond to an ever-changing business environment effectively. Indeed, our
theory is consistent with these observations. Although a firm may derive huge benefit from
discretion, there is little research on the boundaries between a manager’s discretion and rules.
The purpose of this study is to identify these boundaries by comparing the effects of decision-

making under rules with those under discretion given different circumstances.

In government policymaking, rules vs. discretion is a well-known debate. Time consisten-
cy is the key issue. However, our focus is on organization of production. The key issue is the
allocation of decision-making rights. The assignment of decision-making rights to a manager
has an effect not only on incentives but also on how effectively risks are handled. The disad-
vantage of rules is clear: rules are set with hypothetical scenarios in mind. The advantage of
rules is that they offer clear policy on how to deal with events. That is, rules are bad for han-
dling risks but good for incentives. On the other hand, discretion has the advantage of post-
poning decision-making until uncertainty is resolved. Risks are better handled ex post when
uncertainty is resolved. The disadvantage of discretion is that the manager will hesitate to
invest effort since discretionary decisions are made after such investment is sunk. That is,
discretion is better for handing risks but bad for incentives. In a time horizon, discretion
focuses on ex post efficiency, while rules focus on ex ante efficiency. The question is which

projects are better handled under rules and which projects are better decided under discretion.

There is an extensive literature on managerial discretion. Many studies are based on the
argument that discretion results in agency costs. Williamson (1964) proposed a model of
managerial discretion, in which the manager has control over discretionary investment. With
a separation of ownership and control, the manager can use discretion to design and execute
policies that would maximize her own utility rather than that of shareholders. James (1983),
Schiff & Weisbrod (1991), and Bises (2000) described the negative effects of discretion on
efficiency and effectiveness of the organizational activities of non-profit firms. Milgrom (1988)

and Milgrom & Roberts (1992, 2009) suggested that discretion may have distributive effects,
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which cause the agents working in the firm to undertake “influence activities” with possible
negative effects on the firm’s productivity. Milgrom (1988) described a benevolent principal
who maximizes a social objective defined by a weighted sum of the firm’s profit and the em-
ployee’s utility. Aghion & Tirole (1997) discuss under what conditions the principal in a prin-
cipal-agent model delegates authority to the agent. In contrast, by introducing a principal who
cares about fairness into Milgrom’s (1988) model, Antonelli (2014) showed that discretion will
always result in an improvement of the firm’s performance. Antonelli (2003) showed that,
when distributive effects are endogenous (the effects are included in total organizational out-
put), influence activities are self-limited. Spreitzer & Porath (2012) pointed out that “employ-
ees at every level are energized by the ability to make decisions that affect their work. Empow-
ering them in this way gives them a greater sense of control, more say in how things get done,
and more opportunities for learning.” Discretion in our model reflects these benefits. Crossan
(2005) surveyed a few alternative theories to the standard theory of the firm, by which discre-
tionary behaviors can be explained. Using an incomplete contract approach, we find that both
discretion and rules have important roles to play. In the literature, managerial discretion has
been associated with managerial abuse of power. One common solution is to use rules to limit
discretion. Different from prior literature, we completely ignore the possibility of managerial
corruption or abuse of power from discretion. Instead, we focus on discretion’s advantage in

risk handling vs. rules’ advantage in offering incentives.

Neither the empirical nor the theoretical literature on managerial discretion to date has
conclusively resolved the well-known so-called discretion puzzle, namely whether additional
discretion can increase, decrease or maintain performance.? Furthermore, for the last 20 years,
we have seen an increasingly important role of rules in organizations. This trend limits mana-
gerial discretion. Our study aims to resolve this discretion puzzle. We find that the effect of
discretion on performance is dependent on the circumstances, so that additional discretion

increases, decreases or maintains performance depending on the circumstances.

In contrast to extensive discussion on the effects of discretion in prior literature, the ef-
fects of rules have rarely been discussed. We investigate the relative efficiency of rules vs.
discretion under various circumstances. Our model is unique in that we allow both advantages
and disadvantages of rules and discretion and find out when it is better to use discretion over
rules and vice versa. That is, we identify the boundaries between rules and discretion in a
firm’s organizational structure. We are the first to use an incomplete contract approach in
solving this problem: we treat rules as a complete contract and discretion as an incomplete

contract. Our contract specifies a profit-sharing scheme and decision-making rights; that is,

3 See Agarwal et al. (2009), Barnabas & Mekoth (2010), Chang & Wong (2003), Gammelgaard et al. (2010),
Khanchel (2009), Caza (2011), Groves et al. (1994), Li & Zhao (2004), Lépez-Navarro & Camisén-Zornoza (2003),
Venaik (1999), He et al. (2009), Heinecke (2011), Stano (1976), Williamson (1963), and Xu et al. (2005).
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our contract is broad enough to contain both income and control rights. Our result does not
one-sidedly favor rules or discretion. Instead, we differentiate between those projects that are
better handled under rules and those that are better handled under discretion. This result is
consistent with practice, in which organizations typically impose rules on certain matters
while allowing discretion on other matters. Different from Milgrom (1988), Milgrom & Rob-
erts (1992, 2009) and Antonelli (2003, 2014), our model does not consider influence activities.
Instead, we consider the advantage of rules in offering incentives versus the advantage of

discretion in controlling risks.

It makes sense to devise a broad contract specifying both a profit-sharing scheme and an
allocation of decision-making rights, since most managers care about both income and control
rights, and these two rights may be dependent on each other. We derive both decision-making
rights (Proposition 4) as well as income rights in equilibrium (Proposition 5). On the bounda-
ries between rules and discretion, our main finding is that for conservative projects with low
expenditures and balanced expenditure to quality ratios, rules are more efficient than discre-
tion; for other projects, discretion is efficient. We also find that rules offer better incentives;
discretion works better for risky projects; and whenever discretion is efficient, rules are equal-
ly efficient. Whatever the decision-making rights are, the profit-sharing scheme is a linear
scheme of the form s(m) = a + B, where  is the firm’s profit, s(m) is the manager’s income,
and a and 8 are constants. We find that the profit share 8 is independent of decision-making
rights, implying a separation of income and control rights as far as rules and discretion are

concerned.

In prior literature, when discussing control rights, income rights are often ignored. In our
model, both income and control rights are endogenously determined in equilibrium. The key
here is that we allow endogenous dependence of income and control rights. This is important
since income and control rights may be dependent on each other in equilibrium. For example,
a manager may be willing to accept a lower pay for greater discretion. Equity joint ventures
and contractual joint ventures are such examples (Wang & Zhu, 2005). Our model is the first
to include both a profit-sharing scheme and decision-making rights in a contract on this topic.
This model makes our theory applicable to many applications. For example, we can compare
the allocations of control rights between equity joint ventures and contractual joint ventures.
We can also compare the decision-making rights between managers of hedge funds and man-
agers of mutual funds. In hedge funds, investors link managerial pay to performance by re-
quiring a co-investment by the manager. The hedge fund approach is the same as our ap-
proach in a discretionary contract that includes a profit-sharing scheme to the manager. In
contrast, in mutual funds, investors rely on regulation, disclosure and risk limits. The mutual
fund approach is the same as our approach in a rules-based contract that sets rules on invest-
ment decisions. Agarwal et al. (2015) carried out an empirical study on these two types of

funds recently. Their findings support a positive relationship between performance and the
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requirement of co-investment by the manager in hedge funds. Our theory supports their em-
pirical findings on discretionary contracts in hedge funds. However, our theory also supports
the rules-based approach in mutual funds, although Agarwal et al. (2015) did not find such

evidence. Depending on the nature of investment, both rules and discretion can be efficient.

This paper proceeds as follows. In Section 2, we set up the model. In Section 3, in a gen-
eral setting, we derive the optimal solution under rules and the optimal solution under discre-
tion. In Section 4, in a parametric setting, we study various circumstances under which rules
may be inferior or superior to discretion. In Section 5, we conclude with some remarks. All the

proofs and derivations are shown in the Appendix.

2. The Model

Timing

An organization faces a stream of random events everyday. Some events must be dealt
with under rules while others should be dealt with under discretion. More specifically, a firm
randomly encounters investment opportunities. A principal representing the firm hires a
manager to manage investment. The principal can be a higher-ranked manager or the owners

as a group. The principal may give the manager discretionary decision-making rights or speci-

fy decision-making rules.

The relationship lasts two periods and yields profit = at the end (date 2). At the beginning,
the manager invests an efforta € A and the principal simultaneously invests an effort b € B,
with private costs c(a) and C(b), respectively, where A and B are respectively the spaces for a
and b. The two efforts generate a joint investment h(a, b), where h is a real-valued function.
The profit is random ex ante with density function f[m|h(a, b)] conditional on joint effort

h(a, b). The timing of the events is shown in Figure 1.

Contracting Engage in a project
0 is random ab 6 is known Shocks Profit distributed
| | | | | >
0 1 ) 2 Time
Ex Ante Ad Interim Ex Post

Figure 1. The Timing of Events

Contracts

The principal hires and signs a contract with the manager. In practice, a managerial con-
tract contains not only a salary package but also a set of decision-making rights. Hence, our

contract contains two components: a salary package and a decision-making right. Assume that
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profit it is verifiable ex post. The salary package is a scheme for sharing profit = and is denoted
by s(r). More precisely, s(r) is the portion of w paid to the manager. Denote the set of admis-

sible salary schemes by
S = {s: R — R | s is Lebesgue integrable}.

We will show that, among these admissible contracts, a linear scheme of the form s(m) = a +
Brm is optimal, where a and 8 are constants and 8 > 0. Linear profit-sharing schemes are

popular in practice.

In addition to a salary scheme, the contract also offers a decision-making right. The prin-
cipal can specify rules of engagement in future projects or let the manager decide on the spot.

A contract is called a rules-based contract if the principal specifies rules on future projects in

the contract; otherwise, it is called a_discretionary contract. More specifically,

A rules-based contract = {s(n), rules for the manager to follow},

A discretionary contract = {s(n)},

where s(m) is the compensation for the manager’s work. Our focus is on rules versus discretion.
In the discretionary contract, no rules are specified, and hence the manager is free to make

decisions based on her own judgement. The first contract a complete contract and the second

an incomplete contract.

Efforts a and b are observable ad interim but not verifiable so they are not specified in a
contract. Since efforts are made after a contract is accepted, incentives must be provided to
induce high efforts. The two contracts have different effects on efforts. Since a decision to
engage in a project is made after efforts are sunk, discretion generally has a negative effect on
efforts. Hence, incentives are affected not only by the profit-sharing scheme but also by the
decision-making right. Our task is to compare these two contracts so as to gain an understand-

ing of whether to adopt rules or discretion in organizations.

Payoffs

Assume that both the principal and the manager are risk neutral in income. Hence, the
principal’s and the manager’s ex post payoffs are respectively
the manager's payoff: s(m) — c(a)
the principal's payoff: 7w — s(m) — C(b).
Since the ex ante payoffs are concave in efforts, both the principal and the manager are risk

averse in efforts, and risk matters.

Projects

A project has a quality index 8 € R representing its intrinsic value to the firm. The project

can be an internal reorganization of the firm, an M&A, a divestiture, an emerging investment

7/33



opportunity, or an expansion or contraction of product lines. This quality index may represent
synergy when the firm acquires another firm or an improvement in productivity or efficiency
when the firm divests a division. Without the project, the firm’s density function of profit is
flr|h(a, b)]; with the project, the density function becomes f[r|h(a, b),8]. Quality index 6 is
random ex ante, but becomes known ad interim. Assume that information about 6 is symmet-
ric, such that the two parties have common distribution and density functions ®(6) and ¢(6)

respectively for 6.

Denote the interim expected profits att = 1 by

7(a,b,0) = f nf[rlh(a,b),0ldr,  #(a,b) = f f[rlh(a, b)]dr.
R R

The costs of efforts have already been sunk at this point in time. Standard assumptions are
imposed on the functions as follows: @ (a, b) and 7(a, b, 8) are increasing and concave in a and
b separately, c(a) and C(b) are positive, increasing and convex, and it (a, b, 8) is also increasing

in 6. The interim gain from the project is

g(a,b,0) =w(a,b,0)—7(a,b).

If the manager invests in the project based on the quality index 8 being larger than a threshold

6,, then the ex ante gain from the project is

[o9]

g(a,b,6,) = f g(a,b,0)d®(6). (1)
Ot

Then, the ex ante profit after taking into account the gain from the project is
[l(a,b,6,) =7(a,b) + g(a,b,b,).

Driving Forces

There are two forces driving the results from our model. First, under rules, since invest-
ment decisions are specified in the contract, efforts are made only after investment decisions
are made. In contrast, under discretion, since investment decisions are not specified in the
contract, efforts are made and sunk before investment decisions are made, implying less in-
centive to apply efforts. Hence, rules are good for incentives. Second, under rules, investment
decisions are made before uncertainty about investment opportunities is realized. In contrast,
under discretion, investment decisions are made after uncertainty about investment opportu-
nities is realized, so that investment can adjust to realized opportunities. Hence, discretion is

good for handling risks.
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3. Two Management Regimes in a General Setting

In this section, we set up and solve for the two contractual solutions.

3.1. Managerial Discretion

Consider the case in which the principal offers a discretionary contract that gives the
manager the freedom to make decisions on future projects. In a discretionary contract, 6 need
not be verifiable but it has to be observable ad interim.

Given efforts a and b, after 8 is known, the manager will invest in a project with quality 8
ad interim if and only if g(a, b,0) = 0. Define 6,(a, b) by the following equation:

w(a,b,0,) = m(a,b), (2)

where the subscript d stands for “discretion”. Then, if and only if 8 > 6, will the manager

invest in the project. In other words, 8, is the threshold above which the manager will invest
in the project. Then, the ex ante gain from the project is gla, b,8,(a, b)], and the ex ante profit
for the firm isl[a, b, 6,(a, b)]. The manager’s ex ante income is

0q(a,b) o
Ula,b,s) = f f s(m)frlh(a, b)]dmd®(6) + f f s(m)f[rlh(a, b), 0]drdd (6).
0 0q(a,b)

The principal’s ex ante income is
6q4(a,b)
V(a,b,s) = f f[n — s(m)]f[r|h(a, b)]drd®(6)
0

+f°° f[” — s(m]f[r|h(a, b), 0]dndd(6)
0q(ab)

04(a,b) e
= J #(a,b)d® () + f #(a, b, 0)d®(8) — U(a, b, s) (3)
0 0q4(ab)

[oe]

=1(a,b) + f g(a,b,0)d®(6) —U(a,b,s)
04(a,b)

=I[a, b,0,4(a,b)] —U(a,b,s).
After the contract is signed, the two parties choose efforts a and b simultanously in a Nash
game. The Nash equilibrium of (a, b) is determined by
Ua(al bl S) = C’(a), Vb (ar bl S) = C’(b)r

where U, and V, are respecitively the partial derivatives of U and V with respect to a and b.
These two conditions are called incentive compatibility (IC) conditions. Similarly, denote by
[1, and I, the partial derivatives of Il with respect to a and b, respectively. Then, the princi-
pal’s problem is
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wj; = SESIEI}E%(bEH[a, b,0,(a,b)] —U(a,b,s) — C(b)
s.t.  1C,:U,(a,b,s) =c'(a),
1Cy:Vy(a,b,s) = C'(b),

IR: U(a,b,s) = c(a),

(4)

where the last condition is the individual rationality (IR) condition for the manager. Its solu-

tion is presented in the following proposition and its proof is shown in the Appendix.

Proposition 1 (Discretion). Under discretion, the equilibrium efforts (ay,b;) are deter-

mined by
w; = aeng%)éBl'[[a, b,8,(a,b)] — c(a) — C(b)
1, [a,b, 6, (a,b)] = ¢'(a) + 2% 1 )
st. Igla,b,0,(a,b)] =c'(a) + h, (a,b) (b).

And, an optimal profit-sharing scheme is linear:
c'(ag)
na [a:li b;;l Bd(a:li b:l)]

s(m) = c(ay) + {n — H[az,b;,ed(a;,bg)]}. ]

The linear contract has two components: a monetary transfer and a fixed profit share. The
monetary transfer can be paid upfront and thus has no effect on incentives. It is the fixed
profit share that offers incentives to the manager. Interestingly a fixed profit share is sufficient
for the purpose. This linear sharing scheme is consistent with reality, where linear contracts

are popular.

Remark. One advantage of a linear scheme is that the validity of the first-order approach, i.e.,
Uya(a,b,s*) < c"(a) and V,,(a,b,s*) < C"(b) for all (a,b), can be guaranteed by requiring
concavity of the profit functions 7(a, b) and 7 (a, b, 8) in (a, b).

3.2.Managerial Rules

Consider the case in which the principal offers a rules-based contract that specifies rules
for the manager to follow. In a rules-based contract, 8 needs to be verifiable ad interim. By
this, the principal can state explicitly in the contract that the manager must invest in the pro-

ject if and only if the quality index is above a threshold.

Let 6, be the threshold above which the manager must invest in the project, where the

subscript r stands for “rules”. Since 8, is verifiable, this minimum quality standard can be

written into a contract and is enforceable by law. Then, the ex ante gain and profit are

g(a,b,6,)and Il(a, b, 6,.), respectively. The manager’s ex ante income is
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0, o
U(a,b,0,,s) = J f s(m)f[r|h(a, b)]drdd(6) + J f s(m)f[r|h(a, b), 8]dndd(6),

and the principal’s ex ante income is
or
V(a,b,0,,5s) = f J[n —s(m)]f[r|h(a, b)]dnd®(6)
0

+ fm f[n — s(m)]f[rn|h(a,b),8]drd®(0)
0

0, oo
= J #(a, b)d®(0) + f #(a, b, 0)d®(8) — U(a, b,6,,s) (6)
0 o,

=7(a,b) + f°° g(a,b,0)d®(0) —U(a,b,0,,s)

o,

=TIl(a,b,6,) —U(a,b,b,,s).
After the contract is signed, the two parties choose efforts a and b simultanoursly in a Nash
game. The Nash equilibrium of (a, b) is determined by
U,(a,b,6,,s)=c"(a), V,(a,b,0,,5s)=C"(b).
Then, the principal’s problem is
Wy = seS,aEgl,l?é(lB.Hrzon(a’ b,6,)—U(a,b,0,,s)—C(b)
s. t. 1C,:U,(a,b,0,,s) =c'(a),
1Cy:Vy(a,b,6,,s) =C'(b),
IR: U(a,b,0B,,s) = c(a).

Its solution is presented in the following proposition and its proof is shown in the Appendix.

Proposition 2 (Rules). Under rules, the equilibrium efforts and the quality threshold

(ay, by, 08;)) are determined by
W = max Il(a,b,6,) —c(a) — C(b)

a€A,beB,H,20
h,(a,b 8
a(a, b) C'(b). (8)
hb(arb)

st.  Mg(ab,6,) =c"(a) +
And, an optimal profit-sharing scheme is linear:

) 6;) [z —N(a;, b, 6;7)]. m

s(m) =c(ay) + ————=<
(m) = c(ay) 0.(@.be,
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4. Rules vs. Discretion in a Parametric Setting

We first consider a benchmark case in which there are no incentive problems.

Proposition 3. If there are no incentive problems, rules and discretion are equally efficient.

Proposition 3 states that rules and discretion are equally efficient if there are no incentive
problems. Hence, risk alone cannot drive a wedge between rules and discretion; incentives
play an important role in the boundaries between rules and discretion. To compare the two
management options in detail, we use parametric functions and represent a few key aspects

using parameters. We have arbitrarily chosen the following set of functions:
h(a, b) = a*1b#z, c(a) =y,a, C(b) =y,b,

(a,b) = h(a,b), (a,b,0) = (1 + 0)h(a,b) — 1, ©)

where 6 represents an improvement in productivity from a project, y; > 0 and y, > 0 are the
marginal costs of effort, u; > 0 and u, > 0 represent the marginal contributions of the two
parties with u; + u, < 1,and I is the project expenditure. Assume that 6 takes two possible
values: 8 = 0 and 8 = 8, > 0 with 6, occurring with probability p. That is, there is a project
that may improve productivity by amount 6, with probabilty p for investment I.* Among the
parameters, u; and y; are individual parameters representing the characteristics of the two
parties, and 6;, p and [ are environmental parameters representing the characteristics of the

project.

The following proposition contains our main result. Its proof, including the derivation of
the solution, the configuration of Figure 2 and the definition of (a;_,b;_), (a;,,b;,) and A, is

shown in the Appendix.

Proposition 4 (Rules vs. Discretion). Given the parametric specification in (9),

(a) As indicated in Figure 2, for conservative projects in zone E, rules are efficient; for pro-

jects in other zones, discretion is efficient.
(b) Whenever discretion is efficient, rules are equally efficient.
(c) In all zones, a; < ay and b; < by, indicating better incentives under rules.

(d) For risky projects in zone D, discretion is efficient, indicating better handling of risks

under discretion.

4 This expenditure can be random ex ante. A random expenditure will not affect our results.
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In Figure 2, three curves divide the space into five zones. We have designated zones A to D
as zones for discretion. Our model implies that rules and discretion are equally efficient in
these zones. However, if we take into account possible transaction costs associated with set-

ting and enforcing rules, discretion is better in these zones.

AN * * 1
I I1=0¢h(ag_,by_) [ = [(1 +pOy)TH1Hz — 1]4
p

D

Discretion

B Discretion
I=6oh(ag,, by,)

A Discretion

Figure 2. Rules vs. Discretion

For convenience, projects in zone A are called A projects, projects in zone B are called B
projects, and so on. Clearly, A projects are excellent projects, with low expenditure/quality
(1/8,) ratios. B projects are average projects, with reasonable expenditure/quality ratios.
When p increases, zone B expands and zone D contracts. C projects are high potential projects,
called growth projects, with high expenditures but reasonable expenditure/quality ratios. D
projects are risky projects, with high expenditure/quality ratios. When the marginal costs of
efforts increase, zone A contracts and zone D expands. Finally, E projects are conservative

projects, with low expenditures and balanced expenditure/quality ratios.

E projects are special. Our results indicate that for conservative projects, rules are strictly
better than discretion. Discretion has an advantage in dealing with risky projects, but this
advantage has no role to play for conservative projects. In contrast, rules have an advantage in
offering better incentives, which has a role to play for conservative projects. This explains why

rules are more efficient than discretion for conservative projects.

D projects are also special. Although rules offer better incentives, the main issue for these

projects is the risk. In contrast, with its advantage in dealing with risk, discretion suits risky
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projects. Indeed, our theory indicates that discretion is efficient for dealing with risky projects.
Kuratko et al. (2014) observe that “entrepreneurial opportunities are often best recognized by
those with discretion over how to perform their work, as well as by those encouraged to engage
in experimentation”. This observation is consistent with our result that discretion allows a

manager to handle unexpected projects better.

Our results support rules. Rules are efficient for all projects. For E projects, rules are
strictly better than discretion. For other projects, rules are as efficient as discretion. At the
same time, our results also support discretion. Except for the conservative E projects, discre-
tion is efficient. If we take into account transaction costs in setting and enforcing rules, discre-

tion is better for most projects except for the conservative projects.

In practice, rules typically apply to those matters and projects that can be clearly defined.
The explanation lies in the low transaction costs that such matters and projects incur. For
example, age, working experience and educational attainment are often used in hiring rules,
since they can be clearly defined and easily verified. But when a project is complicated and
hard to define, setting and enforcing rules for it will incur high transaction costs. If in that,

discretion is better.

Proposition 4(b) indicates that for most projects, rules and discretion are equally efficient.

This is consistent with the fact that rules and discretion coexist in all organizations.

Propositions 4(a) and 4(b) indicate that, if there are no transaction costs in setting and
enforcing rules, rules are efficient for all projects. Hence, for projects with low transaction
costs, rules may be adopted in practice. For example, in developed countries where institu-
tions are well established, rules are popular; while in developing countries where institutions
are not well established, discretion is popular. The reason is that when institutions are well
established, costs have already been incurred to set up institutions for enforcing rules and
there are no additional transaction costs to enforce new rules. For example, rules are popular
in public bureaucracies which are typically well-established institutions. One implication is

that rules become popular after institutions become well established.

Rules encourage investment since the threshold to invest is set before efforts are invested.
In contrast, under discretion, the threshold to invest is set after efforts are sunk, which reduc-

es the incentives to invest. This explains why efforts are larger under rules in Proposition 4(c).

Under discretion, the manager can wait until the quality of a project becomes known be-
fore deciding to invest. Doing so allows the manager to avoid investing in money-losing pro-
jects. This explains why discretion works better for risky projects, as indicated in Proposition
4(d).
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Proposition 5 (Separation of Income and Control Rights).

(a) In every zone, the profit shares for the two contracts are the same.

(b) All zones give the same profit share of

(1 —py)

(1= 42) o (1= py)

Our incomplete contract is a broad contract specifying a profit-sharing scheme and an al-
location of decision-making rights. This makes sense since a manager is expected to care about
both income and control rights, and these two rights may be dependent on each other. The
income rights are presented in Proposition 5. It turns out that, whatever the decision-making
rights are, the profit-sharing scheme is a linear scheme of the form s(w) = a + B, where a
and f are constants. This is consistent with the popularity of linear sharing schemes in prac-
tice. On the issue of the interdependence of the two rights, we find that the profit share § is
independent of decision-making rights; only the one-time transfer a is dependent on decision-
making rights. That is, we have a separation of income and control rights, when control rights

are limited to rules and discretion.

Proposition 5 offers several implications of the contracts under rules and discretion. First,
it suggests that the rules-based and discretionary contracts differ only in an upfront monetary
transfer; their profit shares are the same under any circumstances. Second, the profit share to
the manager is independent of whether decisions are made under rules or discretion. Third,
the profit share is determined only by the two parties’ output contributions p; and u,; other
factors are irrelevant. If u, +p, = 1, then f - pu,, implying that the manager’s contribution

share p, in output very much determines her profit share.

5. Concluding Remarks

Our theory is applicable to random events in general. Our general conclusion is that au-
thorities differentiate some events to be dealt with under rules and others under discretion.

Incentives and risks decide the boundaries separating these two approaches in authority.

Although there is an extensive literature on the effects of discretion, to our knowledge, our
work is the first to investigate the boundaries between rules and discretion. We find that some
projects are more efficiently handled under rules while other projects are more efficiently
handled under discretion, consistent with the observation that rules and discretion coexist in

every organization. Our model is unique in that it is based on an incomplete contract approach,
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in which rules are defined as a complete contract and discretion is defined as an incomplete

contract.

In practice, rules have certain flexibility and discretion has certain restrictions. In this pa-
per, for a sharp contrast, we consider two extreme cases: strict rules vs. full discretion. Com-
paring these two extreme cases offers us a good understanding of the issue. However, for
practical applications, we need to allow a degree of flexibility in rules and a degree of con-

straint in discretion. The issue then becomes flexible rules vs. constrained discretion.

Our model opens up many research possibilities on the topic. There are many other fac-
tors that can be considered within our model setting, such as asymmetric information, exter-
nalities, responsibilities, diverse interests, and bureaucratic inefficiency. In this study, we
ignored the possibility of an abuse of power under discretion as we wanted to focus on the
influence of other factors that have not been considered in prior literature. We also did not
explicitly include transaction costs under rules, although we did use them to justify the adop-
tion of discretion when rules and discretion are equally efficient. Adding this factor is straight-

forward.

Appendix

This appendix contains all the proofs.

Proof of Proposition 1

By equation (2) which defines 8,, we find

00, 7,(a,b) —7,(a,b,60,) 20, _7y(a,b,0,4) — Ty(a,b)
da g(a,b,0,) ’ ob g(a,b,0,)

We have

.(a,b,0) = h,(a, b)frtfh[rtlh(a, b),0]dm,

(10)
,(a,b,0) = hy(a,b) f nfy,[m|h(a,b),0]ldr,
and similarly for @, (a, b) and 7, (a, b). Then,
1 064(ab) 1 0864(ab)
h.(ab) da  hyab) b (11)
Then, by (10), we have
Ja(a,b,8,) ) (a,b,6,4)
(12)

he(a,b) — hy(ab)



We obviously have

n,(a,b) m,(a,b)
ha(a,b) ~ hy(ab)

Thus,
N,(a,b,0,) M,(ab,0,)
ho(@b)  hy(ab) (13)
Therefore, the following two equations imply each other:
M(a,b,0,) = (@) + 2 %2 0y 1@ by 6,) = Cby + 2289 E)
a(a' ’ d)_c(a) hb(a,b) ( )' b(ar ) d)_ ( ) ha(a,b)c(a)'
Also, according to the definition in (1), we have
go(a,b,80,) = —g(a,b,0,)p(0q).
Since g[a, b,08,(a,b)] = 0, we have gy[a,b,6,(a,b)] = 0.Thus,
d do
ag_[ai b' gd(a: b)] = g_a [a' br ed (a: b)] + 9_0 [a) b! Gd (a: b)] d_; = g_a [a: b; Gd (a; b)];
where g,(a, b, 8,) is the partial derivative w.r.t. a assuming a fixed 8,. Thus,
d
Eﬂ[a, b,0,4(a,b)] =l,[a,b,0,(a,b)]. (14)
Symmetrically, this expression also holds for variable b. Further, we have
Oa 20,
Ualab,s) = h [ [ slnlhca pldndo©) + 600 5 [ sGoflalhta pldn
0
® 20
th [ [ stsilninteb),01dndo @) - 0.0 5 [ s@flrlhcab),0dn,
Oa
ba 26,
Uy(a,b,s) = h, f f SGOfilrlh(a D)]drd®(8) + §(6,) 5 [ sGf[nlhta, Hldn
0
® a6
+hy f f (o) lrlh(a, b),01dnde (6) = $(00) 5" [ s()flrl(a,b), 6,1dn.
Oq
By (11),
Ug(a,b,s) Uy(ab,s)
ha(@b)  hp(@b) (15)
Thus, by (3), (13), (14) and (15),
d
Vy(a,b,s) = %H[a, b,6,(a,b)] —Uy,(a,b,s) =1,[a,b,04(a,b)]—U,(a,b,s)
h, (16)

hy hy
=—I,[a,b,0,(a,b,1)]— h—Ua(a,b,s) = h—l/;l(a, b, s),

ha a a
implying
U,(a,b,s) =T [a,b,0,(a,b)]—V,(a,b,s).

Therefore, using (16), IC, and IC, in the principal’s problem (4) imply
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c'(a) =U,(a,b,s) =M [a,b,0,(ab)] —V,(a,b,s)
hq B ha (17)
=Il,[a,b,0,(a,b)] — h—Vb (a,b,s) =1,[a,b,0,(a,b)] — h—C (b).
b b
This equation can replace one of the IC conditions. Also, since the IR condition must be bind-
ing, using (17), the principal’'s problem (4) becomes

esmaX o Mla,b,0,(a,b)] —c(a) — C(b)
hq(a,b)

s.t.  IMg,[a,b,0,(a,b)] =c'(a )+hb( )

C'(b),
U,(a,b,s) = c'(a),
U(a,b,s) = c(a).
This problem can be solved in two steps. We first find the optimal efforts (ay, by) from

max H[a b,60;(a,b)] —c(a) — C(b)

a€A,be
h,(a, b) (18)
s.t. M,[ab,60,(a b)]=c'(a )+h @ b)C(b)

Then we find a salary package s(r) that satisfies the following two conditions:
U,(a,b,s) =c'(a), (19)
U(a,b,s) = c(a). (20)
Given efforts (aj, b;) from problem (18), consider a linear scheme of the form s(w) = a + fm.

Then,

Qd(a b)

a+p f fT[f [z|h(a,b)]drnd®(0) + f fnf [z|h(a, b),0]drd®(0) ¢,

04(a,b)

U(a,b,s)

[o9]

9d(a.b)
=a+f {f (a,b)d®(0) + L 7(a,b, 9)d¢(9)}
0

a(a,b)

(o)

=a+p {ﬁ(a, b) + L ( )[ﬁ(a, b,6) — i(a, b)]dcp(e)}
a(a,b

=a + fM[a, b,0,4(a,b)],
and using (14),
U,(a,b,s) = Bl la,b,6,4(a,b)].
Then, equation (19) implies
c'(az)
,la;, by, 04(al, b))]’

and equation (20) implies
a = c(ay) — pNl[ay, b, 64(ay, by)].

That is, we indeed have an optimal linear contract with § > 0.
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Proof of Proposition 2
We have

7(a,b,6,) = ha(a, b) f wf; [xlh(a, b), 6, ldn,

21
7, (a,b,6,) = h,(a, b)fnfh[rtlh(a, b),6,ldm,
and similarly for 7, (a, b) and 77, (a, b). We also have
g_a(a:brgr) = f [T_[a(arblg) _ﬁa(arb)]dd)(g)l
5 (@b,6) = [ 17,0.b,0) = 7, (0 DIdP(©)
Oc
Then, by (21), we have
g_a(aI b! gr) — g_b(ar b: er) 99
ha(@b)  hy(@b) (22)
By (21), we also have
n,(a,b) m,(a,b)
hq(a,b) — hy(ab)
Thus,
Ha (a' br gr) _ Hb (ar b' er)
ho(@b)  hy@b) (23)
By (6), we have
V.(a,b,06,,s)=1,(ab,0,)—U,(a,b,0,,s),
24
V,(a,b,0,,s) =1,(a,b,0,) —U,(a,b,b,,s). (@24
We also have
o,
U,(a,b,6,,s) = h“f fs(n)fh[nlh(a, b)]drd®(6)
° 5 " (25)
+haf fs(n)fh[nlh(a,b),B]dnddb(e) =h—an(a,b,9r,s).
6, b
Thus, by (23), (24) and (25),
h,, h,
Vy(a,b,6,,s)=1,(ab,06,)—U,(ab,b,,s) =—I,(ab,06,)——U,(ab,b,s)
h, h, 26)

hy
=—1V,(aDb,6,,s).
ha

Therefore, using (24) and (26), IC, and IC, in (7) imply
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c'(a) =U,(a,b,0,,s) =1,(a,b,0,) —V,(a,b,0,,s)
=T, (a,b,6,) — Z—:Vb (a,b,6,,5) =T,(ab,6,) — Z—:C’(b). @7)
This equation can replace one of the IC conditions. Also, since the IR condition must be bind-
ing, problem (7) becomes
max [(a,b,0,) — c(a) — C(b)

SES,a€A,bEB,O,20
hg(a,b)

hy,(a,b)

s.t. M,(a,b,6,) =c'(a) +
Uy,(a,b,b,,s)=c(a),
U(a,b,6,,s) =c(a).

This problem can be solved in two steps. We first find the optimal efforts (a,., b,) and 6, from

C'(b),

the following problem:
max [l(a,b,0,) —c(a) — C(b)

a€A,beB,B,20
h,(a,b 28
a(a )C’(b). (28)
hb(alb)

s.t.  Mg(a,b,6,)=c'(a)+

Then we find a salary package s(m) that satisfies the following conditions:
U,(a,b,6,,s) =c'(a), (29)
U(a,b,0,,s) =c(a). (30)

Given (a;, b}, 6;) from problem (28), consider a linear scheme of the form s(mw) = a + Br.
Then,

0r
U(a, b,b,,s)=a+p f frtf [|h(a, b)]drd®(6) +f fT[f n|h(a,b), H]dnddb(e)}

I
Q

+ [3 n(a b)dd(6) + f ooﬁ(a, b,@)dcb(@)}

o,

=a+pf {ﬁ a,b) + n(a, b,0) — ii(a, b)]dd)(Q)}

7(a, b) + g(a b, H)dcb(e)} =a + fll(a,b,6,).

Then,
U,(a,b,6,,s)=pM,(ab,8,).
Then, equation (29) implies

c'(ar)

b= b0

and equation (30) implies

a = c(ay) — pll(ay, by, 67).

That is, we indeed have an optimal linear contract with g > 0.
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Proof of Proposition 3

In the case of a discretionary contract, with verifiable efforts, the IC conditions are not
needed. Without the two IC conditions, problem (4) becomes the following first-best prob-
lem:5

w;* = Seggleaxbeml'[[a, b,6,(a,b)] —U(a,b,s) — C(b)
s.t. U(a,b,s) = c(a).

Since the IR condition must be binding, the problem becomes

Wit = max,  le,b,6,(a,b)] ~ (@~ C(b) @)

s.t.  U(a,b,s) =c(a).
This problem can be solved in two steps. In the first step, we find the optimal efforts (a;", b;")
by maximizing the objective function without the constraint. By (14), the first-best efforts

(ag’, by") are determined by

Malag', by',04(ag’, byl = c'(ag),  Mplag’, by, 6a(ag’, b)) = C'(bg"). (32)

In the second step, given the efforts from (32), we consider a fixed salary package s(m) = f§ for
a constant S. It is a simple salary package that satisfies the constraint in (31), by which we find

B =u+c(ay’). That is, there is indeed a salary package that satisfies the constraint.

In the case of a rules-based contract, with verifiable efforts, the IC conditions are again
not needed. Without the two IC conditions, problem (7) becomes the following first-best prob-

lem:

W = ses,aegl?é(m,erzon(a’b'er) ~U(ab,6,,5) = C(b) (33)
s.t. U(a,b,0,,s) = c(a).
Since the IR condition must be binding, the problem becomes
W = s adliBa g o1 (@ 0, 0r) = e(@) = C(B)
s.t. U(a, b,b,,s) =c(a).
This problem can be solved in two steps. In the first step, we solve for optimal (a,, b,, 6,.) from

the following problem

max Il(a,b,8) — c(a) — C(b).

acA,beB,VER,

In particular, the first-order condition (FOC) for 8, is
Hg(a‘r’ b‘r‘l 97‘) = 0
implying
'g(a‘ribrr 9T)¢(6r) = 0.

5 In our terminology, an optimization problem is called the first-best problem if the efforts are verifiable.
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With ¢(6,) > 0, we have g(a,, b,,08,) = 0, implying 8, = 6,(a,, b,). Hence, the first-best efforts
(ay*, by, 0;) are determined by
Mg (a;", by", 6;7) = c'(a;"),
M, (a;, by, 6;) = C'(b}"), (34)
6" = 04(ay, by,

In the second step, given (a;*,b;*,6;"), we try to find a salary package s(m) that satisfies
U(ay, by, 0;",s) = c(a;”). Let s(r) = B, where S is a fixed constant. We find this fixed scheme

to be s;*(m) = c(a;).
Hence, by (34) and (14), the pair of efforts (a;*, b;*) for the first-best rules-based contract
is the solution to the following problem:

Wy = max Ma,b,04(a,b)] - c(a@) — C(b). (35)

In contrast, as implied by (31), the pair of efforts (a;", b;") for the first-best discretionary

contract is the solution to the following problem:

W;*= max Ifa,b,0,(a,b)] —c(a) — C(b). (36)

a€A,beB

Problems (35) and (36) are exactly the same. Hence, (a;*, b;*) = (a}’, b}").

Proof of Proposition 4

Given the functions in (9), we have

#(a,b) = h(a,b),  6,(ab) = g(a,b,0) = 6h(a,b) —1,

I
@by’
§(a,b,0) = f [th(a,b) — 1ld®(t), 11(a,b,8) = h(a,b) + §(a, b, 6).

0

A General Solution

Consider the following problem:

W*= max ph(a,b) —y,a—y,b—6

a€A,beB
st ph(ab)=a+2p,

1 U;

where p > 0 and § = 0 are two constants. Given h(a, b) = a*1b*z, the solution to this problem

is
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. <uf(1 + F))l_”z (u%(l +1) >“2'm

_p vl +1) V2(pz +T) '
1

b = p<uﬂ1+r)yf“<uﬂ1+rv>“]f“‘“ (37)

] Y2(up + 1) y1(uy +1) '
_
W* = pl-tai—i2 A — 6,
where
-1 -1
_ j1+1—u1—u2_1 _ J(l—ul)(l—uz)_l _ 1—py —u,
Hittz e’ Vi, (\/(1 — ) (1 —pp) + \/uluz)

1
(1 14T , 14T 2) [( 1+T uf)“l < 1+T ug)“z]l-ﬂl-ﬂz
- My — U — — :
AT+ T [\ +Tys ) \up +Ty,
Notice that I' and A do not depend on p, §,p, I and 6,. Notice also that we always have
1+T 1+T

2
+
#1_'_1_,[11 pe + T

pr <py +pp <1,

implying A > 0. We have

251 U
WA+D\ T (Ve 2+ T )\

-1

vi(u +1) v2(uz + 1) v2(uz +T) yi(uy +1)
Ha Hq
_ pﬁjfﬁ(uﬁ(l +7) )1—u1—u2 (uf(l +7) )1—u_1—uz
Y2(uz + 1) Yi(u +1)
Wity
pl—Hi~H2 4
S, _@a+D @a+n’
wp+T U, +T
1  — 1
G ®
1-p © Ly )
| |
0 0, 0, 0 0, o,

Figure 3. The Distribution Function ®(8)

Solutions with 6; < 8, and 6;. > 6,

If 6, > 6,, then from Figure 3, we find

g(a,b,6,)=0, Il(a,b,6,) = h(a,b). (38)
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Then, problem (8) can be written as

Wi, = ag&)émh(a, b) —y,a—y,b

st h(ab) = La+ 2.
H1 Ha
If 6, < 6,, then from Figure 3, we find

g(a,b,0,) =pl6yh(a,b) —1] >0,

lI(a,b,0,) =h(a,b) +pl6yh(a,b) — 1] = (1 +pby)h(a,b) —pl.
Then, problem (8) can be written as

W._ =

a(:gg%)ém(l +pb6y)h(a,b) —y,a—vy,b —pl

st. (1+p8)h(ab) = a+ 2.
Ky 2%
From problems (39) and (41), using (37), we find

Wy, =4

1
W = (14 pby)i-#i—k2A —pl.
We have W, > W, if and only if

1 A
1> u+pagkmwz—4p

(39)

(40)

Hence, 6; > 6, if (42) holds; 6; < 6, if (42) fails. This solution is illustrated in Figure 4.

I}

1

0:> 0,

0: < 0,

Figure 4. Determination of 6;

1= la+ pogymmm - 1)
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Solutions with 6; < 6, and 8, > 6,

If 6,(ay, b;) > 6,, then from Figure 3, we find

g(a,b,6,) =0, M(a,b,6,) = h(a,b). (43)

Then, problem (5) can be written as

Wj, = max h(a,b) —y,a—1y,b

a€A,beB
st. h(ab) = Z—la + 12, (44)

We denote by (aj,,b;,) the solution and 8,, = 6,(ay,,b;,) in this case since it is based on
the assumption that 6,(ay, b;) > 6,. Since

I

04(ag, by) = W b
d’™d

the zones satisfying 6, > 6, are B and C in Figure 5, which are defined by
I > 60yh(ay,,b;.).

This is illustrated in Figure 5, where

A

[ _wa+D) A+
py +T py +T

h(ag,bg,) =

If 6,(ay;, b;) < 6,, then from Figure 3, we find

g(a,b,64) = plOoh(a,b) —1] >0,

45
M(a,b,0;) = h(a,b) +plOyh(a,b) —I] = (1 + pby)h(a,b) —pl. 45
Then, problem (5) can be written as
w;_ = aergg)}ém(l + p6y)h(a,b) —y,a—y,b —pl
46
st (14p8hab) =a+ 2. (46)
281 Ha

We denote by (a;_,b;_) the solution and 6,_ = 6,(a;_,b;_) in this case since it is based on
the assumption that 6,(aj}, b;) < 6,. Since
6a(a3,bi) = oz
h(ay, b})

the zones satisfying 8,_ < 6, are A and B in Figure 5, which are defined by
I S Hoh(a‘;_rbé—)'

This is illustrated in Figure 5, where
Hitup
(1 + pby)t-Hi=ke A
_#a+D _ @ga+n

p +T pp +T

h(ag_,bg_) =
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Given the above three zones, we now determine 6; = 6,(ay, b;) in each zone. In zone 4,
only the assumption that 8; < 8, is consistent with a solution. There are only two possible
assumptions, and the other assumption 8, > 6, is not consistent with any solution in this zone.
Hence, in zone 4,6, = 6,_.

In zone C, only the assumption that 8; > 6, is consistent with a solution. Hence, in zone
C,0; =04,

It I =0yh(a;_,bj;.)

Oar > Bo 04, >0
d+ 0

04 <8,

I=0oh(ay,, by,)

A

Figure 5. Determination of 6

In zone B, there are two possible assumptions 8; > 6, and 8; < 6,, each being consistent
with a solution. We need to compare these two solutions to determine the correct solution.
Under the assumption that 6, > 6,, social welfare is

Wi, =A
Under the assumption that 8, < 6,, social welfare is
w;_ =00+ p@o)m/l —pl.
We have W;, > W,_ if and only if
N S A
I >|(14+phy)t-Hi—#z —1 ; (47)

Hence, 8; = 0, if (47) holds; 68 = 6,_ if (47) fails. This solution is illustrated in Figure 6.
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N * * 1
I I1=0¢h(ag_, by ) I= [(1 +pOy)1-r1-H2 — 1] /—1
p

D 0g =64,

I =6,h(a,, by,)

B*d = Bd—

A

Figure 6. Determination of 6}

Combining the above with the result on 6, we arrive at the following figure:

A * * 1
I I=06oh(ay_, by ) I = [(1 + POy TH1Hz — 1] 1
p

I=6oh(ay,, by,)

0:(1 = Bd_
0.=6,._

A

Figure 7. Zones for (8, 6;)
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Zones A and B

Consider the case with 8, < 6, and 8,; < 8,. From problems (41) and (46), the two solu-

tions are the same. Hence, W, = W,_, implying that the two solutions are equally efficient.

Zones Cand D

Consider the case with 8, > 8, and 8; > 8,. From problems (39) and (44), the two solu-

tions are the same. Hence, W, = W, implying that the two solutions are equally efficient.

Zone E

Consider the case with 6, < 8, and 8; > 6,. From problems (41) and (44), using (37), we
find
1
Wy = (14 pby)t-Hi—#2A — pl
Wi, = A
We have W,. > W, if and only if (42) fails. Hence, rules are more efficient than discretion in

zone E. We hence have Figure 2.

Configuration of Figure 2

We now identify the relationships of the three curves in Figure 2. The curve defined by
I = h(ad+,bd+)90 is a straight line and the curves defined by I = h(a;_,b;_)6, and [ =

(1 + pOy)rt-ri-uz — 1] are convex. All curves are upward sloping and start from the origin.

Since h(ay_,b;_) > h(ay,, b;,), the curve defined by I = h(aj;_,b;_)6, is above the curve
defined by I = h(aj,,b;,)6,.

To show that when 6, is small the curve defined by I = h(aj;_,b}_)6, is below the curve

defined by I = [(1 + p6y)t-r1-#2 — 1] %, we need

1
—_— A
1-pg—py — —
d[h(ay, b;)6,] 0 [(1 + Pbo) 1] p

a6, 0,0 a6,
0o=0
or
N 1 A
Uit a 1 6. )1-H1—p2 — 1| —
9 0o(1 + pBy)T-Hi—H2 | 3 [( + pBy)i-HimHe ]p
690 1— pi(1+1) .uz(l +1) 96, ’
py +T pa +T 8,=0 0,=0
or
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Uity 2(uatpp)-1

phLthe +
(1 + p90)1—#1—#2 + Peo % (1 + p@o) 1-p1—#2 1 Uity
d L= < (14 pBy) T H
1_[11(1+F)_H2(1+F) 1_.“1_#2 00=0
H1 +T 12%) +T 0o=0
or
1 < 1
(_wa+D) @A+ D) 1w =y
w +T po +T
or

pui(1+T) pi(1+0)
w +T po +T

< M1 +“2!

which is true.

To show that when 6, is large the curve defined by I = h(a};_,b;_)6, is above the curve

defined by I = [(1 + p6y)t-r1-#z — 1] /;1, for large 6,, we need

( ) Uity L
0o(1 + ply)l-Hi—ka _t A
A> (14 phy)t-Hi—Hz — 1| —
1_uf(1+r‘)_y§(1+l") 0 p (48)

p+T po +T

For this, consider
Hytpy
lim 0o (1 + pBy)t-H1=ke : 8o 1

6o—

= lim =—
[ee) ; — 0
(14 phy)Lt-HiH: %> 1+pb P

This implies that (48) holds when 8, is large enough. The relationships of the three curves are

now clear.

Proof of Proposition 5

Zones A and B

In zones A and B, by (41) and (46),
M(a,b,6,) =1I(a,b,0;) =1+ pby,)h(a,b) —pl.
Since we also have a; = a; and b; = b} in these two zones, the two profit-sharing schemes are
exactly the same in these two zones. According to Proposition 2, the income share 3, for the
rules-based contract, which is the same as the income share 3; for the discretionary contract,
is
_ c'(ay) _ V1 _ Y14y
Mu(ay, b;,605)  (1+pbodha(ar,by) (1 +pby)ush(ay,by)

B,
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According to (37),

1
a; = (1 +p6y) (u%(l +1) )“ (u%(l +1) >“2 S
" 0 Yilu +1) v2(up, +1) '
Hitps
14 10,)1-#U1—H2
h(aj, by) = — -+ PO)

A,
_wa+n pa+n

! py +T py +T

Hence,

1
(Mf(l +1) )“ (u%(l +1) )“2 s
! V2 (up + 1) Cy 1402 14T

g - vy + 1)
T . pa A . _#1H1+FV1_.“1+FM1
py +T po + 1

_ V(=) A = ) + (1= ) (1 = )
\/H1H2(1 —u) (=) + (1 —py)

M.

Zones Cand D

In zones C and D, by (39) and (44),
I(a,b,6,) =1I(a,b,0;) = h(a,b).

Since we also have a; = a; and b; = b in these two zones, the two profit-sharing schemes are
exactly the same in these two zones. According to Proposition 2, the income share 3, for the
rules-based contract, which is the same as the income share §; for the discretionary contract,
is

_ c'(a;) _ V1 Ny

T M,(al, b0 he(ap, b)) uih(ar,by)

1
- (uf(l + F))”‘Z (M%(l +1) )”2 i
4= vl +1) Y2(up + 1) '
A

@A+ @ga+n
p+r py +1

Br

According to (37),

h(az, by) =

1

Hence,

il +7) Y2(u, + 1)
wmA
HCE NN ICED)
o+ po + T

) [(uf(l +71) )1‘“2 (u%(l +1) )“]m
B, =

1
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which is the same as that in zones A and B.

Zones E

In region E, by (41) and (44),
(a,b,6,) =1+ pby)h(a,b) —pl,
M(a,b,6,) = h(a,b).

According to Proposition 1, the profit share for the discretionary contract is

‘) n e
Ha[aZrbglgd(a;lb(;)] ha(a;lb(;) Mlh(aZrb;)

c_rma+n T ra s e
a = [<V1(ﬂ1 + F)) (Vz(#z + F)) ] '
A
_ua+n @+

1 wm+T up+T

Ba =

According to (37),

h(as, b)) =

Hence,

A s I B
a— 1

) (1 +T ﬁ)”l(l +T ﬁ)“z 1=tk
A\ +Tyy po + Ty,

We again find that 8; = S, and this profit share is the same as that in other zones.
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