~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Schéttner, Anja; Rohlfing-Bastian, Anna

Conference Paper
Optimal Allocation of Decision-Making Authority and the
Provision of Incentives under Uncertainty

Beitrage zur Jahrestagung des Vereins fiir Socialpolitik 2015: Okonomische Entwicklung -
Theorie und Politik - Session: Labor Experiments, No. G17-V4

Provided in Cooperation with:
Verein fur Socialpolitik / German Economic Association

Suggested Citation: Schéttner, Anja; Rohlfing-Bastian, Anna (2015) : Optimal Allocation of Decision-
Making Authority and the Provision of Incentives under Uncertainty, Beitrdge zur Jahrestagung

des Vereins fiir Socialpolitik 2015: Okonomische Entwicklung - Theorie und Politik - Session: Labor
Experiments, No. G17-V4, ZBW - Deutsche Zentralbibliothek fiir Wirtschaftswissenschaften, Leibniz-
Informationszentrum Wirtschaft

This Version is available at:
https://hdl.handle.net/10419/113200

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/113200
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Optimal Allocation of Decision-Making Authority and

the Provision of Incentives under Uncertainty

February 27, 2015

Abstract

Incentives for managers are often provided by offering them performance-based com-
pensation schemes. The efficiency of such monetary compensations, however, depends
on several factors, among them the quality of the employed performance measures, the
information available for contracting purposes, and the allocation of decision-making
authority which translates into either more centralized or more decentralized organi-
zational structures. This article investigates a firm’s decision whether to delegate or
retain the authority to decide on a specific job design in a moral hazard environment
with asymmetric information on effort costs. It provides conditions under which de-
centralization is the preferred organizational form. Moreover, it derives the result that
the relation between incentives and the delegation of decision-making authority is not
univocal, but depends on the quality of the employed performance measure. In this re-
gard, it contributes to explaining the mixed empirical evidence on the relation between
incentives and decision-rights.

Keywords: Job Design, Incentive Contracts, Decentralization, Delegation, Decision-
Making Authority



1 Introduction

To motivate managers, firms frequently offer them performance-based compensation con-
tracts. The effective provision of incentives, however, depends on more than just the mon-
etary compensation scheme. Brickley et al. (2009) postulate the idea that performance
evaluation, rewards, and decision rights assignment are like three legs of a stool that a firm
needs to balance. Examples from corporate practice indicate that a change in a firm’s organi-
zational structure, which is usually accompanied by the reallocation of decision rights, indeed
often entails an adaptation of the firm’s performance evaluation and compensation schemes.
When GlazoSmithKline restructured their R&D department in order to increase efficiency,
performance measurement and incentives were accordingly adjusted (Garnier 2008). At Roy-
alDutch/Shell Group, massive changes in their industry environment forced them to change
their organizational structure, and they also redesigned the incentive system (Grant 2007).
When Citibank changed their organizational structure in order to put more emphasis on
customers rather than regions, they also adjusted corporate incentives (Baron and Besanko
2001).

In order to implement an incentive scheme that aligns the interests of managers and firm
owners, a firm needs to consider that its accounting system typically delivers performance
measures that do not perfectly reflect how the firm’s value is affected by a manager’s effort
choices across different tasks. Rewards based on such performance measures have to be
designed with caution because otherwise they can lead managers to misallocate their efforts
(e.g., Holmstrom and Milgrom 1991; Baker 1992; Feltham and Xie 1994; Hughes et al. 2005).

Incentives also interact with the allocation of decision rights (e.g., Athey and Roberts 2001;



Holmstrom and Milgrom 1994). While keeping decision rights at the top level is associated
with a greater centralization of authority, delegation of authority to lower hierarchical levels
involves a tendency towards decentralized organizational structures. Because decentraliza-
tion involves a loss of control for the firm owners, it is fundamental that the manager in
charge is provided with incentives to act in the best interest of the firm. If this is accom-
plished, a key advantage of decentralization is the efficient use of specific knowledge and
information located on lower hierarchical levels (e.g., Dessein 2002).

Incentives, performance measurement, and decision rights are all closely related to job
design, i.e., the allocation of tasks within the firm. For example, problems of effort misallo-
cation due incongruent performance measurement can be mitigated by assigning conflicting
tasks to different employees (e.g., Holmstrom and Milgrom 1991; Kragl and Schéttner 2014).
Moreover, firm owners are typically not informed about the exact costs of effort that man-
agers face when providing effort on various tasks (e.g., Puschke 2009). In this situation, it
might be beneficial if an informed manager has the authority to decide whether he performs
a task himself or assigns it to another employee with potentially lower effort costs.

The present article analyzes the interaction of delegating decision rights with respect
to job design and providing monetary incentives depending on the quality of performance
measurement. We consider an environment in which the firm (principal) contracts with two
managers (agents), whose effort choices are unobservable. Moreover, the effort costs of one
agent are private information to that agent.! The managers are responsible for performing

effort on three productive tasks. Two tasks naturally match the agents’ abilities, training

!The agent costlessly acquires his private information after the contract is signed and cannot communicate
it to the principal. Baker (1992) and Raith (2008) analyze similar settings but do not study the allocation
of decision rights.



or experience, that is, each agent is specialized in one of the tasks. The third task can
be performed by either agent with equal quality. The principal can choose between two
organizational forms: With centralization, the firm retains the right to allocate the third
task to one of the agents. With decentralization, the decision about job design is delegated
to the informed manager. The tasks jointly affect an aggregate performance measure that
may be incongruent in the sense that it does not perfectly reflect the true productivity
of effort in the different tasks.? Incentive contracts can condition on the realization of
the performance measure but not on the assignment of the third task. We thus follow an
incomplete contracting approach, reflecting that real-world employment contracts usually
do not cover all parts of an employment relationship, e.g., because certain parts are non-
verifiable by third parties or the contracting parties are unable to foresee and plan for all
possible contingencies (e.g., Milgrom and Roberts 1992).

We find that with a perfectly congruent performance measure, the delegation of decision-
making authority and the provision of incentives are complements, that is, there is a positive
relation between both. The firm delegates the job design to the informed agent when his
potential cost advantage over the other agent is sufficiently strong. In this situation, the
firm either achieves the first-best solution or provides the manager with decision authority
with more than first-best incentives. Such strong incentives are required to ensure that the
manager does not abuse his authority to implement a task assignment that maximizes his
own utility but not the firm value.

If the performance measure is incongruent, the firm faces an additional control problem

with respect to effort. Nevertheless, depending on the congruity problems induced by the

2We provide an example when we present the details of the model in Section 2.
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two feasible job designs, delegation can still be optimal. For example, the firm delegates the
decision authority to the informed agent if he is likely to have higher costs than his colleague
and therefore will probably not multitask, but in case he does, the congruity problem is
rather small. To mitigate potential congruity problems, the firm may lower the incentives
for the informed agent when he obtains decision-making authority. That is, under imperfect
performance measurement, delegation and incentives can be substitutes.

Our analysis contributes to the explanation of the mixed empirical evidence regarding
the interaction of delegated authority and incentives. For instance, Wulf (2007) finds a sig-
nificant positive relation between a division manager’s authority (measured by officer status)
and his compensation based on global performance measures, such as firm sales growth. Na-
gar (2002) investigates the delegation of authority to lower-level branch managers in retail
banks and how incentive compensations should be designed to ensure that managers do not
misuse their discretion. He finds a positive relation between branch managers’ authority
and their compensation. Using survey data on British establishments, DeVaro and Kurtulus
(2010) also establish a positive relation between the delegation of authority and the provision
of incentives. Focussing on non-managerial occupations, DeVaro and Prasad (2016) can con-
firm a positive correlation between authority and incentives for simple jobs such as clerical,
craft, or sales occupations. However, for complex jobs in professional, technical, or scientific
occupations, they document that authority and incentives are negatively correlated. They
develop a model showing that such a negative relationship can emerge when a risk-averse
agent is assigned the right to choose between tasks that have a positive risk-return tradeoff
for the principal, and there is only one performance measure to affect task selection and

effort. In such a situation, combining delegation with high-powered incentives may not be
4



optimal because it can induce the agent to excessively choose low risk-return task.> We
study a different setting and our result that delegation and incentives can be substitutes is
derived independent of risk considerations. However, presuming that performance measure-
ment is more difficult in complex than in simple jobs, our model also predicts that a negative
relationship between delegation and incentives should be observed more often for complex
jobs.

Jia and van Veen-Dirks (2014) provide further empirical evidence that the relationship
between delegation and incentives depends on the quality of performance measurement.
Using survey data on production managers, they demonstrate that decision rights assignment
and incentive pay are substitutes. They argue that more decision authority entails increased
multitasking, which in combination with imperfect performance measurement calls for lower
incentives to avoid distortion of effort across tasks. Because performance measurement is
more involved for production managers than for higher-level managers, whose effort is more
closely related to global performance measures, a negative relationship between delegation
and incentives is more likely to occur for the former group. Our theoretical results partly
verify their argument. In one instance of our model, the informed manager indeed obtains
lower incentives when he can choose the job design and, as a consequence of delegation,
performs the allocatable task more often. However, this is only true when the efficient
incentives for the allocatable task are lower than the incentives for the manager’s specialized
task. Due to imperfect performance measurement, the principal then mutes the manager’s
second-best incentives in favor of the low-incentive task. We thus demonstrate that imperfect

performance measurement is not sufficient for delegation and incentives being substitutes.

3Lando (2004) constructs an example with a similar tradeoff.
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Moreover, we also show that increased multitasking under delegation is neither necessary
nor sufficient for a negative correlation between decision authority and incentives. The type
of correlation crucially depends on the ratios of the tasks’ true productivities and their
performance measure sensitivities, which determines the efficient incentives for each task in
a single-task job.

By deriving conditions under which the delegation of job design is beneficial for a firm,
we contribute to the large literature that examines a principal’s choice whether to assign
decision authority to an agent (see, e.g., Bolton and Dewatripont (2013) for an overview).
As in Dessein (2002), we model delegation as a way to improve the informational content of
decision making. While he analyzes strategic communication, we consider an environment
where communication is too costly for the contracting parties. Another important advantage
of delegation can be enhanced employee motivation (e.g., Aghion and Tirole 1997; Baker et
al. 1999; Shin and Strausz 2014). The motivational effects of delegation depend, however,
on the nature and sequence of tasks to be performed (Bester and Krihmer 2008). In our
setting, agents are primarily motivated by incentive contracts, whose effectiveness is affected
by the assignment of decision rights.

Finally, our analysis contributes to the literature on job design, pioneered by Holm-
strom and Milgrom (1991) and Itoh (1994). To the best of our knowledge, we are the first
to analyze the optimality of delegating job design decisions. We show that the delegation of
task assignments can be optimal under asymmetric information on effort costs and may even
lead to the first-best solution when centralization does not. In our setting, the right to offer
contracts rests with the principal. Complementary to our study, Melumad et al. (1995) and

Macho-Stadler and Pérez-Castrillo (1998) analyze situations in which contracting authority
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is delegated to agents, but the principal remains responsible for the job design. Similar to
our model, Reichmann and Rohlfing-Bastian (2014) investigate a situation in which the prin-
cipal delegates the job design to one of two agents. However, in their setting, the delegation
decision is exogenously given. Moreover, and contrary to our setting, the principal in their
model has full information on the agents’ effort costs.

The remainder of the article is structured as follows. Section 2 presents the model
and characterizes the first-best solution as a benchmark. Section 3 analyzes the case of
centralization, whereas Section 4 focuses on decentralization. Section 5 sheds light on the
optimal job design with a perfect and an imperfect performance measure. Finally, Section 6

concludes.

2 Basic Model and First-Best Solution

We follow the approach of Reichmann and Rohlfing-Bastian (2014) and consider a single-
period setting in which a principal (firm owner) contracts with two agents indexed by i = 1,2
to provide unobservable effort on three productive tasks indexed by ¢ = 1,2,3. Each agent
is specialized in one task, e.g., due to ability, experience, or specific training. Without loss of
generality, we assume that Agent 1 is specialized in task 1 whereas Agent 2 is specialized in
task 2, implying that only Agent 1 can perform task 1 and only Agent 2 can carry out task
2. The third task, however, can be performed by either agent. Splitting this task between

the two agents is not feasible. Effort in task ¢ is e, > 0.



The agents’ contribution to the firm value is Y € {0, 1}, with

Pr[Y = l|eq, e9, €3] = fier + faeo + fzes,

where f, > 0 denotes the marginal productivity of effort in task ¢ for £ = 1,2, 3. Because Y is
non-verifiable, incentives have to be based on the verifiable aggregate performance measure
P e {0,1},

Pr[P = 1lei, ez, e3] = gie1 + gaea + g3es,

with sensitivities g, > 0 for £ = 1,2, 3. The productivity and performance measure sensitivity
of task 3 are task-related and therefore do not vary with the agent performing the task.
Agents incur a cost of effort when working on their specialized tasks which is given by
k(ey) = %e% for £ = 1,2. With respect to the third task, the two agents differ in their
costs. Agent 2 incurs standard effort costs of %e%, whereas Agent 1’s effort costs in task
3 are %ce%. Ex ante, ¢ is a random variable with ¢ € {cp,cy}, 0 < ¢; < 1 < ¢p, and
Prlc = ¢z = p € [0,1]. Accordingly, ex post, Agent 1 can have higher or lower effort costs
for performing task 3 than Agent 2. We assume that the parameter c is private information
of Agent 1. He observes c after he has signed the contract and entered the firm. There is
no costless and credible way to communicate this information to either the principal or the
other agent. All parties are risk neutral and reservation utilities are zero. We further assume
that the functional forms are such that the above probabilities for the realizations of Y and
P remain strictly below one at the first- and second-best solution.

In summary, we have three contractual frictions arising from our model. First, the



agents’ actions are unobservable, which gives rise to a moral hazard problem. Second, the
performance measure is incongruent if the productivities f, do not match appropriately with
the performance measure sensitivities gy, that is, whenever Ay, = (fign — fuge)? # 0 for
(at least) two tasks £ and n (¢,n = 1,2,3,¢ # n) (Feltham and Xie 1994). An equivalent
definition of an incongruent performance measure, which will be useful later on, is that %
is not constant for all £. This noncongruity potentially imposes a loss on the principal from
an inefficient effort allocation of the multi-tasking agent, i.e., the agent who performs the
third task in addition to his specialized task. Finally, there is an information asymmetry
with respect to Agent 1’s effort costs ¢ for the third task.

Figure 1 illustrates the timing of the model.

t=1 t=2 t=3 t=4 t=2>5
| | | | | .
[ [ [ [ [ "
Principal chooses Principal offers Agent 1 observes ¢ Agents choose Performance
job design incentive contracts efforts ey, es, and measure P is
to agents Under es3 realized, wages are
decentralization, paid
Agent 1 assigns
task 3

Figure 1: Timing of the Model

At t = 1, the principal chooses between a centralized or a decentralized organizational
structure by an appropriate design of the workplace. Under centralization, the workplace is
designed such that either Agent 1 or Agent 2 is able to perform task 3, i.e., the principal fixes
the job design ex ante. This implies that he can base his decision only on expectations about
Agent 1’s cost parameter c¢. Under delegation, the workplace design ensures that either agent

can carry out task 3 and that Agent 1 can assign the task ex post, i.e., when he has learned



c.* We provide an example below. At t = 2, the principal offers an incentive contract to

each agent. The incentive contract for Agent ¢ specifies a bonus b; to be paid when P =1
and a fixed wage s;. Each agent observes the organizational design and also the contract of
the other agent. At t = 3, given that the agents accepted the contracts, Agent 1 observes
his effort cost parameter c. Under decentralization, Agent 1 then assigns task 3. The task
assignment is non-verifiable, that is, the contract cannot condition on it.> At t = 4, the
agents choose their efforts. Finally, at ¢ = 5, the performance measure P is realized and
wages are paid. Afterwards, the firm value Y is realized.

To illustrate this setup, consider the following example: The two agents are working for a
specific product line in a company. Agent 1 is specialized in task 1 which is production man-
agement of the product line. Agent 2 is specialized in task 2, namely the marketing activities
related to the product line. The third task is dealing with potential customer complaints or
requests regarding the specific product line. The performance measure P reflects short-term
profits. Since Agent 1 sometimes has to deal with unforeseen problems on the production
floor, his costs for performing task 3 are unknown ex ante. Under centralization, the prin-
cipal chooses one agent, say Agent 1, the production manager, to deal with these requests.
The agents work in different offices and only Agent 1’s telephone number is published on the
website or printed on the company’s products for directing customer complaints. Agent 1
has no possibility to redirect a call. By contrast, under decentralization, the agents share

an office and a telephone. When the telephone for customer complaints rings, Agent 1 de-

4We omit the possibility of delegating the job design to Agent 2 as this agent has the same information
as the principal on effort costs. Consequently, the principal derives no benefits from delegating to Agent 2
compared to centralization, but incurs a loss due to an additional control problem.

5If the contract could condition on the task assignment, the delegation outcome is identical to a situation
where the principal can observe c. Hence, delegation would dominate centralization.
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cides whether he picks up the phone himself or redirects the call to Agent 2. As it would
be too costly to identify who actually answered the phone and performed task 3, the final
assignment decision of Agent 1 is non-contractible.

Under decentralization, we assume that, if Agent 2 refuses to perform task 3 if it is
assigned to him (e.g., does not answer the phone), the opportunity to perform the task is
foregone (e.g., the customer’s request does not get answered) and the impact on the firm
value Y and the performance measure P is zero. This assumption will imply that Agent 2
prefers to perform the task if Agent 1 assigns it to him.

The first-best solution to the present problem is provided as a benchmark. Assume that
there is no asymmetric information, i.e., Agent 1’s effort cost parameter ¢ and the effort
levels e, (¢ = 1,2,3) are observable. The first-best job design depends on the realization of
c. If ¢ =cp, Agent 1 performs task 3 and first-best effort levels are e; = f1, es = f5, and
€3 = f—z Otherwise, Agent 2 should perform task 3 and the respective effort levels are e, = f,
for all /. The principal just compensates the agents for their effort costs and, consequently,

his first-best profit is

LR+ B+LR) ie=a

S+ 12+ 13) if c = cy.

3 Centralization

We first analyze the case of centralization, i.e., where the principal assigns task 3 at the first
stage. This setting is comparable to Reichmann and Rohlfing-Bastian (2014), however, an

additional component needs to be considered: Agent 1’s effort cost parameter ¢ is unknown
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to the principal. The principal only knows that ¢ either equals ¢, (with probability p) or
cy (with probability 1 — p). The game is solved by backward induction. First, consider the
situation where Agent 1 performs task 3. At stage 4, Agent 2 then chooses his effort ey in
his single task 2 such that his expected personal net utility from compensation and effort is
maximized:

. ¢
ey = argmax S + (gre1 + gaéa + gses)ba — 5 & e = Gabo.
é2

Analogously, Agent 1 chooses the effort levels (e, e3) such that:

52 éQ

N R € g3

(e1,e3) = arg (mQX) s1+ (g1€1 + goea + g3é3)by — 51 - 033 & e =giby, ez = ?bl-
€1,€3

At stage 2, based on his expectations on ¢, the principal designs the agents’ incentive con-

tracts to maximize the expected firm value less the agents’ wage payments subject to the

agents’ incentive compatibility and individual rationality constraints:

max E[(fier + faea + fzez) — 51— 52— (b + b2)(g1e1 + gaea + gses)]
Sk,0k,€p
lizl,lé?:a

g3
s.t. er = gib1, ea = goba, €3 = ;bh

el e
E S1 -+ (9161 + go€a + g363)61 — 5 — CE Z 0,

2

e
L {52 + (gie1 + gae2 + gzes)bo — 52} > 0.

Here, E|-| denotes the expectation with respect to the random variable c¢. We denote the

optimal bonus rates for Agent 1 and Agent 2 with blCl and 6201, respectively, where the

12



superscript C stands for centralization with Agent 1 as the multi-tasking agent. We obtain®

2 2
b= LN v S g g0 2 (1)
91 +v9591 91 793 93 92

with v := F [%] = p% +(1—p)-. Accordingly, Agent 2’s work incentives are efficient in the

CH

sense that his bonus induces first-best effort in his task, e = f,. By contrast, the optimal
incentives for the multi-tasking Agent 1 compromise the incentives that would be efficient if

task 1 and task 3 could be assigned to different agents, g—i and 5—2, respectively. As long as

f3

g congruity problem exists and, therefore, the agent

these incentives are different, g—i #*
cannot be incentivized to provide the efficient effort in either of the tasks. The principal’s

profit can be computed as

o _ L (fig1 + ’Yf3g3)2
! _2<f2+ 9 +793 ) @)

Due to the congruity problem, the principal does not necessarily benefit from lower
expected effort costs of Agent 1. Intuitively, if the performance measure puts far too much
weight on task 3 relative to task 1, high costs for task 3 can be beneficial because they
counteract the congruity problem by making the agent exert less effort in task 3. Formally,
1" is decreasing in v and, therefore, also in the probability of low effort costs, p, if and
only if v < :(% (% — 23—;). However, if this condition holds, the principal can earn a higher

profit than II1¢* by excluding task 3 from the production process.” We want to exclude such

6A sketch of the proof can be found in the Appendix.

If the principal excludes~task 3 from the production process, he earns the profit II = % (f12 +~f22).
Furthermore, lim,_,o ¢ = TII. Hence, if II®" is initially decreasing in ~, II¢" is strictly smaller than II on
an interval [0,4], where 5 > 0.

13



extreme congruity problems from our analysis and henceforth focus on situations where IT¢!
is always increasing in v and hence in p. We thus assume that % < 25—;. Intuitively, this
reflects a situation where the performance measure does not extremely overweight task 3
relative to task 1. In our illustrating example from Section 2, this means that short-term
firm profits P are not overly sensitive to how Agent 1 deals with customer complaints.

If the principal assigns the third task to Agent 2, analogous to the above solution proce-

dure, we obtain as optimal bonus rates and the principal’s profit

2 2 1 2
bS2 = ﬁ’ b2 = 292 QE 293 2§7 and 12 = = | 12 ¢ (f2922+ f3293) L3
g1 95 +9592 95+ 9593 2 95+ 93

Comparing the principal’s profit functions from (2) and (3) gives us the following result.

Lemma 1 Under centralization, the principal mazximizes his profit by assigning task 3 to

Agent 1 if and only if

(frgr + ’Yf393)2 (fag2 + f393)2
R e (4)
91 +793 95 + 93
leading to the profit
figr + 7f393)° fogo + f395)°
° — = max f22+(112 323)7](12_'_(222 523) ' (5)
2 91 +793 95 + 93

Assuming that % < Qz—;, the profit 11¢ is weakly increasing in p.

fe

2t is constant for all £), condition

If the performance measure is perfectly congruent (i.e.,

(4) can be simplified to v > 1 or, equivalently, p > p = <Z=L< ¢ (0,1). Hence, the

CH—CL CH
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optimal task assignment is exclusively determined by cost considerations: Agent 1 should
perform task 3 if his probability for low effort costs is sufficiently high.® By contrast, if
the performance measure is incongruent, the congruity problem generated by the different
task assignments becomes an additional determinant for the optimal task assignment. The
principal may then trade off higher effort costs with a potential lower loss from noncongruity.
However, because I1¢" is increasing in p, he still assigns task 3 to Agent 1 when p is above a
certain threshold pe € [0, 1]. Depending on the congruity problems under the different task
assignments, this threshold is smaller or larger than p.

II7B we find that centralization leads to the first-best effort choices

Comparing IT¢ and
and profit if and only if Agent 1’s cost parameter is certain, and, at the same time, there is
no congruity problem if the agent with the lower costs performs two tasks. This is the case
if either (i) p =0 and g—izg—zor (ii)p=1land &£ =5

g1 gs”

4 Decentralization

In this section, we analyze the case of delegated job design, where Agent 1 is in charge of
assigning task 3. We first consider stage 3 of the model in order to determine under what
circumstances Agent 1 decides to perform task 3 himself. Intuitively, this decision should be
driven by the relative size of the bonuses offered by the principal and Agent 1’s effort costs.
The following Lemma confirms this intuition and identifies a threshold for Agent 1’s effort

costs that depends on the relation of the bonuses.

8Note that it is not necessarily optimal to have the agent with the lower expected effort costs perform
task 3. There is a range of intermediate values of p where Agent 1’s expected costs per, + (1 —p)cy are larger
than 1, but the agent still performs task 3 since v > 1 still holds. This is due to the convexity of the effort
cost function, which makes the principal overweight the possibility of low costs.

15



Lemma 2 Given the incentive contracts offered by the principal, Agent 1 assigns task 3 as

b1

follows. (i) If %Z—; < cp, he always assigns task 3 to Agent 2. (i) If ¢ < %E < ¢y, he

b1
by’

performs task 3 himself if and only if ¢ = cp. (i) If cyg < % he always performs task 3

himself.

Lemma 2 indicates that Agent 1 will perform task 3 when his effort costs ¢ are smaller

than . Intuitively, the larger the bonus ratio Z—;, the more motivated Agent 1 is to exert

1oy
2 by
effort relative to Agent 2. Hence, ceteris paribus, Agent 1 decides to carry out task 3 himself
if his own costs are sufficiently low or if he anticipates a relatively low motivation of his
colleague. In cases (i) and (iii), Agent 1’s task assignment is independent of his realized
costs and the principal is thus weakly better off by assigning the task himself to Agent 2 and
Agent 1, respectively, at the first stage. Centralization thus dominates decentralization in
these situations. We therefore henceforth focus on case (ii), where Agent 1 performs task 3 if
and only if his costs are low. This is the only candidate for a situation in which the principal
can be strictly better off by choosing delegation rather than centralization. We now derive

the incentive contracts that the principal should offer to the agents if he wants Agent 1 to

perform task 3 when he has low costs.

Lemma 3 Assume that the principal wants to induce Agent 1 to perform task 3 if and only

Pt
1 Sro1+37 1393 g2 (1—p)g2
2 faga+(1—p) fags gf-f—%gg’ ’

if c=cp. Define ¢ .=

(1) If c;, < ¢ < cp, the optimal bonus rates are

2
9i S %g3 E D 9 f2 (1-p)gi é
2

W=7 ; = P
TR G+ i gi+(1=p)gig: g3+ (1—-p)gigs

(6)
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and the principal’s profit is

2
P — 1 <f1g1 T %f?’g?’) i (fog2 + (1 = p) fg5)° ' (7)

2 9i+ L9} 95+ (1-p)g3

(i1) If ¢ < cp, the principal offers the bonuses

f191+@+pf2—f‘°’+(1—p)f3g3 . 169

2cr,

2
g+ pE + 5z (65 + (1—p)gd)

7D
bl

and his profit is

2cy, 2cr,

2
1 (figr+ 2 4 phm 4 (1 - p) o)
! : _
2RI+ B+ (- p)g)

(9)

When the principal chooses the optimal bonuses, he has to balance two objectives: First,
Agent 1 performs task 3 with probability p and Agent 2 with probability 1 — p, implying
two different congruity problems that need to be addressed. Second, the bonuses need to
ensure that Agent 1 prefers to perform task 3 himself whenever he has low costs. In case (i)
of Lemma 3, the two objectives are not in conflict, i.e., the bonuses that optimally address
the congruity problems also induce the desired task assignment. Accordingly, the optimal

bonuses bY and bY weight the efficient single-task incentives, f, paying attention to the

1
congruity problems and the probability with which they occur. By contrast, in case (ii), the
optimal bonuses l;{) and EQD reflect the trade-off between the two objectives.

To understand the situation in which case (i) occurs, note that ¢ = Hence, by

oS
MU.|HU

1
2
Lemma 2, the condition ¢;, < ¢ < cpy describes the situation where the bonuses b? and

b? have the appropriate relative size to induce Agent 1 to perform task 3 if and only if
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he has low costs. In the special case of a perfectly congruent performance measure, i.e.,

L_L_f

o T the bonuses do not need to address any congruity problems and the principal

therefore wants to pay both agents the same bonus, bP = bP. Hence, ¢ = % and we are in

case (i) whenever ¢, < % When the performance measure is not congruent, the bonuses
bP and b2 differ. For example, assume that the efficient single-tasking incentives for tasks
1 and 2 are identical, but task 3 calls for lower incentives, i.e., 5—1 = 5—2 > 5—2. Then, by (6),
the bonus bP focusses more on task 3 the higher p and the smaller c;, i.e., the more likely
it is that Agent 1 performs task 3 and the more productive he is in this task. At the same
time, a higher p makes bY focus more on task 2. Hence, for sufficiently high p and small ¢y,
we have bP < bY. Then, the condition for case (i) holds for a smaller range of values for ¢y,
compared to a perfectly congruent performance measure.

Lemma 3 does not consider situations with cy < ¢, where Agent 1 always wants to
perform task 3 under the bonuses bY and b, even if he has high costs. We omit this case
also in the remainder of the article because it would not lead to any new insights. This
means that we focus on a situation where cy is sufficiently large, or the congruity problem
is not so severe that it calls for a bonus b that is more than twice as large as the bonus b2

D

N b bP A
As long as ¢ = %b% <lor;r <2, the case cy < ¢ cannot occur because cy > 1.
2 2

18



5 Optimal Job Design

5.1 Perfectly Congruent Performance Measure

In order to determine the optimal job design, we first focus on a perfectly congruent perfor-

mance measure, i.e., g—i = 5—; = ;—i. Without loss of generality, assume that ;—i =1 for all 4.

First consider a centralized job design. Applying Lemma 1 from Section 3, the principal’s

profit under centralization is

0 == (ff+ /3 + f3 -max{1,7}).

DO | —

If v > 1, the principal will assign task 3 to Agent 1. Otherwise, Agent 2 performs the task.
Since there is no congruity problem, the only inefficiency arises from the fact that it is not
always the agent with the lower costs who carries out task 3. The principal might therefore
benefit from delegating the job design to Agent 1 in order to obtain a situation where this
agent performs task 3 if and only if his costs are low, as discussed in Lemma 3 in the previous
section. The following proposition describes the optimal job design and the associated bonus

rates.

Proposition 1 Assume that the performance measure is perfectly congruent such that g—ﬁ =1

for all L.

(i) If cp, < %, the principal implements delegation. He pays the bonuses bY = b2 =1 and

thereby induces the first-best solution.

i) If cp > L, there exists a threshold ¢ € (1,1) such that the principal prefers delegation if
2 2
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and only if c;, < ¢. Under delegation, the principal pays the bonuses ZA){) > 1 and 135 < 1.
Under centralization, the agents’ bonuses are equal to 1. Delegation and incentives are

thus complements.

Proof. See Appendix. m

The two cases of Proposition 1 correspond to the two cases of Lemma 3 because, with
a perfect performance measure, we have ¢ = % We see that, in contrast to centralization,
delegation can implement the first-best solution (case (i)). This situation arises when Agent 1
potentially has sufficiently low costs (¢, < %) and, consequently, is willing to multitask in
the low-cost case under the efficient bonuses of 1. When the low cost parameter exceeds
the threshold of § (case (ii)), the principal first maintains delegation but has to adapt the
bonus payments to ensure that Agent 1 chooses the desired task allocation. The reason is
that, if % < ¢r,, Agent 1 will never perform task 3 himself under bonus rates of 1. Instead,
he prefers Agent 2 to perform the task to save effort costs. In order to motivate Agent 1 to
carry out the third task when he has lower costs than Agent 2, the principal needs to increase
the bonus of Agent 1 and lower the bonus of Agent 2 relative to the efficient bonus rate of
1. The larger ¢y, the stronger the bonuses need to be distorted. As a consequence, when
cr, exceeds a certain threshold ¢, it is no longer profit-maximizing to induce delegation and
the principal switches to centralization, accepting an inefficient task allocation, but again
providing efficient incentives. Delegation and incentives are thus complements: If Agent 1
is made responsible for the task assignment, he also obtains a higher bonus to make him
exercise his authority in the desired way. This implies that the agent with authority works

even harder than in the first-best, while the agent without authority always works less than
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in the first-best.

5.2 Incongruent Performance Measure

Assume now that the principal has only an incongruent performance measure available for
contracting with the agents. We proceed by discussing two questions: (1) When does the
principal prefer decentralization over centralization in the presence of a congruity problem?
And, (2), does the principal still employ delegation and incentives as complements? We start
by analyzing question (1) and, for simplicity, restrict attention to case (i) in Lemma 3, i.e.,
we focus on the case ¢, < ¢ < cy. By comparing the principal’s profit under centralization

and delegation, I1¢ from (5) and II” from (7), respectively, we obtain the following result.

Proposition 2 Assume that c;, < ¢ < cy. Decentralization strictly dominates centralization

if and only if TIP > 119 = max{I1", 112} or, equivalently,

(figr +7f393)°
9 +793

2
D
<f191 t 2 f393> (fago + (1 — p)f393>2
7+ Lg3 93+ (1—p)g3

>max{f22+ 2 M}

S
(10)
From the previous section, we know that if ¢, < ¢ < cy, delegation leads to the first-
best solution and thus dominates centralization when the performance measure is congruent.
Hence, if the principal prefers centralization over delegation with an incongruent performance
measure, i.e., condition (10) does not hold, this must be due to relatively more severe con-
gruity problems under delegation. Recall that the congruity problem arising when Agent @
performs task 3 is characterized by the term A;3 = (f3g; — fig3)?. Under centralization, only

one type of incongruity, i.e., either A3 or Ays, matters depending on which agent performs
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task 3. By contrast, under delegation, each agent can be the multitasking agent and thus,
both A3 and Asj affect the expected profit. The relative impact of the two congruity prob-

lems on the delegation profit can be nicely seen from the derivative of II? with respect to

p?
8Hl 1—c 92 C g2
L pg 2 LY1

Agq — —EIL
op cL B+ 1 —pa2)2 " (crgd +pg3)?

A, (11)

As p increases, Agent 1 is more likely to be more cost-efficient than Agent 2 and will thus
perform task 3 under delegation. This has three different effects on ITI”, which are given by
the three terms on the right-hand side of (11). First, there is a positive effect due to lower
effort costs. Second, if there is a congruity problem with Agent 2, i.e., Ay # 0, there is
another positive effect because it becomes less likely that this agent has to deal with both
task 2 and task 3. Third, if there is a congruity problem with Agent 1, i.e., A3 # 0, there
is a negative effect because this agent now multitasks more often. Because the last effect
may dominate, a higher p can actually be detrimental under delegation. By contrast, the
centralization profit I1¢ is always weakly increasing in p (compare Lemma 1) because p only
has a direct advantageous effect on Agent 1’s effort costs. This difference between the two
job designs can even lead to a situation where centralization dominates delegation for all

values of p.

Corollary 1 If there is a congruity problem with Agent 1 but not with Agent 2, i.e., A3 >0
and Nqz = 0, and cp, is sufficiently close to 1, then (10) does not hold and centralization

dominates delegation.

Figure 2 depicts a situation as described in Corollary 1. Under the preconditions of

the corollary, (11) is negative, i.e., the delegation profit is always decreasing in p. Under
22



centralization, the principal will assign task 3 to Agent 2 because this job design does not
entail a congruity problem and the cost advantage of Agent 1 is negligible. Hence, we have

II¢ = I1°? and the profit under centralization is independent of p.

HD

Figure 2: Centralization dominates delegation.

We now describe a situation where (10) holds and thus delegation dominates centraliza-

tion.

Corollary 2 Assume that there is a congruity problem with Agent 2 but not with Agent 1,
i.e., Nog > 0 and Az = 0. Further, assume that 11¢2 > TI" for p = 0. Then delegation

dominates centralization for sufficiently low values of p.

Under the assumptions of Corollary 2, II” is always increasing in p. Recall that, under
centralization, the principal prefers to assign task 3 to Agent 1 iff p exceeds a certain threshold
pc. The assumption I1¢2 > II¢ for p = 0 ensures that po > 0, i.e., the congruity problem

with Agent 2 is not so severe that he should not perform task 3 under centralization even
23



if he always has lower costs than Agent 1. This case is illustrated in Figure 3, which
sketches a situation where centralization becomes optimal for high values of p. It is, however,
also possible that the principal prefers delegation for all values of p. Delegation allows to
take advantage of low effort costs when they are realized. This comparative advantage is
particularly strong when low costs occur only with a small probability because then the
principal does not want to always assign task 3 to Agent 1 under a centralized organization

structure.

HD

Figure 3: Delegation dominates centralization for small p.

Overall, with an incongruent performance measure, delegation tends to be the optimal
job design when the agent with the task assignment authority is unlikely to perform the task
to be assigned (p is small), but if he does, the congruity problem is relatively small. In other
words, if the situation allows the principal to separate the loss of control from delegation and
the effort allocation problem (or if this problem is not too severe), delegation is beneficial.
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Related to our illustrative example, assume that the relative contributions of production
management (Agent 1’s regular task) and answering customer complaints to the firm value
are well reflected by the performance measure. If Agent 1’s probability for low effort costs
is low, the principal prefers delegation, because even if Agent 1 should decide to answer
customer complaints, the effort allocation problem is negligible and the principal does not
suffer from a bundling of the control problem and the effort allocation problem.

We now turn to the second question from above, that is, whether delegation and incentives
are still used as complements when the performance measure is incongruent. To discuss this
issue, assume we start from a situation as illustrated in Figure 2, where Agent 2 performs

task 3 under centralization. According to (3), the optimal bonus rates are then given by

bCQ—ﬁandbCQ— 95 fQJr e
= 2 =

g B+gig  9i+9igs

Now suppose that ¢y, decreases so that the overall situation changes to Figure 3 and p is such

that delegation becomes optimal. Hence, the optimal bonus rates are now given by (6), i.e.,

2
po_ G h w8 fsap 93 o (L—pg? fs
1= 3, p 2, 2, p o andby = -5 1I— D2 2 (1 — 2o

91 T 9591 91+ 9393 9+ (1 —plgsg2 93+ (1—p)g3gs

Comparing b102 and bP, we see that Agent 1 may obtain a smaller bonus when the task
assignment authority is delegated to him. This is the case if and only if 5—2 < 5—1, i.e., the
efficient single-task incentives for task 3 are smaller than for task 1. The principal then
decreases Agent 1’s bonus under delegation to optimally balance the incentives for task

1 and task 3. Hence, with an incongruent performance measure, the delegation of decision
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making authority and the performance of an additional task can entail a lower bonus. Agent 2
performs task 3 less often under delegation than under centralization. The efficient incentives
for task 3 thus get less weight under delegation and Agent 2’s bonus increases if and only if
5—2 < g—z. Hence, even though it becomes less likely that Agent 2 has to perform an additional
task, his bonus may increase.

The following proposition summarizes the possible relationships between delegation and

incentives.

Proposition 3 Assume that ¢;, < ¢ < cy. Further suppose that, due to an erogenous
decrease of cr, the principal switches from centralization with Agent 2 as the multitasking

agent to delegation. Delegation and incentives then interact as follows:

(1) If ﬁ < min {5—1, g—;}, i.e., the efficient single-task incentives for task 8 are lower than

for the other two tasks, delegation and incentives are substitutes. Agent 1 (Agent 2)

gets a lower (higher) bonus under delegation than under centralization.

(i1) If g—g > min {5—1, 5_2}’ i.e., the efficient single-task incentives for task 3 are higher than
for the other two tasks, delegation and incentives are complements. Agent 1 (Agent 2)

gets a higher (lower) bonus under delegation than under centralization.

(111) If ;—1 > g—i > g—z, both agents obtain lower incentives under delegation.

(iv) If ;—z > g—i > g—i, both agents receive higher incentives under delegation.

To complete the analysis, now consider centralization with Agent 1 being the multitasking
agent as starting point and assume the principal switches to delegation due to an exogenous

shock. A comparison of (1) and (6) shows that Agent 1’s bonus decreases iff g—;’ > % and
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Agent 2’s bonus increases iff g—g > g—z. Hence, all the interactions described in 3 can occur as
well.

The results presented in Proposition 3 offer a potential explanation for the mixed empiri-
cal evidence with respect to the relation between the delegation of decision-making authority
and monetary incentives. In our model, delegation and incentives are complements in three
different situations: First, the performance measure is congruent (compare Proposition 1).
Second, the agent who receives the decision making authority will also perform more tasks
on average and the efficient single-task incentives for the task to be assigned are higher than
for the other tasks (see Proposition 3, case (ii)). Third, the agent with the decision mak-
ing authority performs fewer tasks on average and the efficient single-task incentives for the
task to be assigned are lower than for the other tasks (compare the previous paragraph).
A complementary relationship between delegation and incentives corresponds to the results
obtained, e.g., in Wulf (2007); Nagar (2002), and DeVaro and Kurtulus (2010). It is also
consistent with the results derived by DeVaro and Prasad (2016) for simple jobs (measured
by a lower-level code in the Standard Occupational Classification, SOC) and Jia and van
Veen-Dirks (2014) for production managers.

However, when the performance measure is incongruent, we also identify situations where
delegation and incentives are substitutes. This corresponds to the result obtained for complex
jobs by DeVaro and Prasad (2016). They provide an explanation based on the relation of risk
and return of complex jobs. Finally, we also show that delegation may uniformly increase
or decrease the incentives of all agents involved (see Proposition 3, cases (iii) and (iv)).
Our results thus suggest that, if multiple tasks and agents are involved in the production

process, it is mainly an issue of the firm’s accounting system and the quality of the delivered
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performance measures whether delegation and incentives are complements, substitutes, or

lead to a uniform adjustment of incentives for all agents involved.

6 Conclusion

This article studies the optimal allocation of decision authority and corresponding optimal
incentive contracts against the background of information asymmetry and different qualities
of performance measures available for contracting. The analysis provides an investigation of
the benefits of delegation and the adjustment of incentives depending on the organizational
design. An intuitive result is that delegation can be beneficial for the principal if infor-
mation asymmetries are present and the decentralized structure ensure efficient use of this
information. We also show how the efficient use o However, the results also demonstrate that
delegation and the provision of monetary incentives are sometimes used as complements for
providing efficient incentives for agents to act in the firm’s interest, and sometimes used as
substitutes.

The analysis suggests that there are several interdependencies between the information
situation, the allocation of decision authority, the quality of performance measurement, and
the design of incentive contracts that need to be simultaneously taken into consideration.
On the one hand, this has an impact on the design of optimal incentive contracts in prac-
tice. On the other hand, empirical compensation studies thus should take into account the
allocation of decision authority and the resulting interdependencies. Previous studies often
described a complementary effect between the delegation of decision authority and the pro-

vision of monetary incentives (e.g., Wulf 2007; Nagar 2002; DeVaro and Kurtulus 2010). The
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results in these studies are in line with the result that we derive for a situation in which the
performance measures used for incentive design are perfectly congruent. With incongruent
performance measures, however, we demonstrate that delegation and incentives can also be
substitutes. In part, this result is confirmed by DeVaro and Prasad (2016) and Jia and van
Veen-Dirks (2014). DeVaro and Prasad (2016) identify a negative relationship for complex
tasks. One could argue that complex tasks are more difficult to measure and thus the em-
ployed performance measures tend to be rather imperfect. Jia and van Veen-Dirks (2014)
demonstrate a negative interaction for production managers, whose performance is often
more difficult to measure than the performance of higher-level managers.

Some words of caution are in order with respect to the generalization of the presented
results. First, the optimality of the allocation of authority that translated into different or-
ganizational structures was entirely derived on the basis of factors related to the information
situation and the contracting environment. Of course, there might be several other factors,
e.g., related to the production process or geographic considerations or even to the composi-
tion of the workforce, that have an impact on the choice of a specific organizational structure.
Second, we assumed that the productivity and sensitivity of the allocatable task was task-
sensitive and not influenced by the specific manager that performs the task. Whereas we
reflected potential differences in the effort costs of the managers for this task, we did not take
into account potential synergies between the allocatable and the managers’ regular tasks.
Third, we only allowed for an aggregate performance measure that was available for con-
tracting design. Whereas this assumption is well supported by our illustrative example (in
this case it could for example be the product’s contribution to the firm’s total profit), it has

a strong impact on the results. In particular, additional performance measures could help
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to mitigate the congruity problem and allow for a better fine-tuning of incentives.

Appendix

Derivation of 5" and 45" in (1). We can use the incentive compatibility constraints to
eliminate the effort levels e, from the principal’s optimization problem. Using that the fixed
payments s; and sy are optimally chosen to make the agent’s individual rationally constraints

binding, the principal solves:

b1)? by)? by)?
max E | figiby + fagabs + f3 220y — (9161)°  (g202)*  (g3b1)
bt ¢ 2 2 2¢

The optimal bonuses 5" and bS" follow from the first-order conditions.
Proof of Lemma 2. Consider stage 4 of the model. When Agent 1 carries out task 3, he

chooses effort e; = g1b1 and ez = gf’bl, while Agent 2 exerts effort eo = gobs. Agent 1’s payoff

thus is
2 2 2 2 2
g (91b1)"  (g3b1) (9101) (g3b1)
S1 + (gfbl + ggbz + fbl)bl — 5 — 2% =851+ 9 + g%bel + 90 . (12)
If Agent 2 performs task 3, we obtain for Agent 1’s payoff
b2
S1 + (gl 1) + ggbgbl + ggbzbl. (13)

At stage 3, Agent 1 decides to perform task 3 himself iff (12) is at least as high as (13), i.e.,

N

Z—; > c¢. This condition implies the three cases described in the lemma.
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Proof of Lemma 3. Already taking the agents’ incentive and participation constraints into

account, the principal’s problem is

max f19101 + fagaba + f3 (P(g:—gbl + (1 — p)93b2)
1,02 L

_ ((911271) +p(g§2> > B <(92;)2) +(1=p) (9322) )

15
ooy < = < 14
St cp S 5 <cew (14)

First assume that the constraints in (14) are not binding. The optimal bonuses are then

given by the first-order conditions

; 2[)
figr +pfsZ — (gfbl + B2 1) 0,
Cr, Cc

L
g3

f2g2 + (1 —p) 3, (9302 + (1 — p)g3bs) =0,
from which we obtain bY and b2 as given in the lemma. We can now characterize under what
circumstances the constraints in (14) are not binding: if ¢y < 1bp < cp. Defining ¢ := %Z%,
2 2
case (i) of the lemma follows. Now assume that ¢ < ¢. The first inequality in (14) is then
by

binding. Hence, the optimal solution comprises by = %—L. Using this relationship to replace

by in the principal’s objective function, the optimal b; maximizes

J19101 + f292 (%%> + f3 (pcg—3b1 +(1—p)gs (1@))

_ <(glb1)2 +p(gsb1)2> _ <92 <%§_1>>2

2 26L
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From the first-order condition we obtain l;? as given in the lemma.
Proof of Proposition 1. Case (i) of the Proposition follows directly from Lemma 1 and
case (i) of Lemma 3, using that f, = g, for all £. Now consider case (ii) of the proposition.

By Lemma 1 and case (ii) of Lemma 3, delegation dominates centralization iff

2 3 2 _ 2y _1 ?
(f1 +ch+(f2+(1 p)f?;)QCL)

2
fRAPE+ (B0 -p)fD)

> [T+ f3+ f3 - max {1,7}. (15)

First consider the case v < 1. It can be shown (e.g., using Mathematica) that the left-hand
side of condition (15) is decreasing in ¢, for ¢, > 1. To prove the claim on the optimality
of delegation, it thus suffices to show that condition (15) holds as ¢, approaches % but does
not hold as ¢y, goes to 1. We obtain
9, 12 2 N2y L )2 2
(1B BrU-pBDa) (BB +0-np)

lim ; =
st fRpl 4 (4 (1 -p)f3) ft+2pfi +(f5+ (1 =p)f3)

=fit2wfi+ (R+0-pfF)>F++f
As c¢p, goes to 1, we have

2 2
. (r+pl+ 2+ - aL) _(BApBrB-pR)Y)
ol e Bra-phdg BT
(Rrip+in+ipn)
f+ifE+1f5+5f3

32



The last expression is smaller than f7 + f2 + f2 iff

2121212221212322220
fi +§f2+§f3+§pf3 — | /i +Zf2+1f3+1pf3 (fl +f2+f3)<

o (R4pf) (B + 5 -pf) <0,

and the last condition clearly holds.

Now consider the case v > 1. The principal then prefers delegation to centralization iff

(f12 P (D)) ﬁ)Q

2
fR4pE+ (41 -p)f}) i

— T+ f5+715) > 0. (16)
The left-hand side of (16) is decreasing in ¢, for ¢ > 3 (Mathematica). We further obtain

12 2
. (ff T2 +(fF+ 1 =p)f3) ﬁ)
lim

2

—(fF+ i +f)
1 —
—pemfa(ra-nm) - (R (w20 8) o
Above, we have shown that

12 2
. (ff +pE 4 (5 +(1=p)f3) ﬁ)
lim

2
O SR pE (B (D))

—(fi+f3+f5) <0

Hence, because v > 1, we also have

. (ff TP (D)) ﬁ)Q

2 2 2
3 —(fi+f5+9f3)] <O,
O e+ (B (L0 f)

33



By case (ii) of Lemma 3, under delegation the principal pays the bonuses

o B B £
ip_ fi+32 +p2+(1—p)st jp _ 107 an

1 — 2 ) 2
fR+pE 4 (B (L=n)f}) 2

We obtain that 0P > 1 < ¢ > 1 and W<1lece > 1. Since the lemma focusses on

the case ¢; > 1

5, the claim follows. By the formulas in (1) and (3), the bonuses under

centralization are equal to 1.
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