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Abstract

Responsibility Centers, Decision Rights, and Synergies

We consider the optimal allocation of decision rights in an incomplete contracting
setting where business unit managers choose inputs that enhance the efficiency of
“joint projects” (projects that benefit their own and other divisions). With scalable
project inputs, decision rights should be bundled in the hands of one division manager.
Which of the managers to designate the investment center manager—the one facing the
more volatile or the more stable environment—depends on whether the project input
is a monetary investment or personally-costly effort. With discrete project-specific
inputs, on the other hand, it is always optimal to split decision rights symmetrically
between the managers provided they face comparable levels of operating volatility.
This runs counter to the conventional wisdom that bundling stimulates the provision of
complementary inputs. The model also generates empirical predictions about the effect
of contractual incompleteness on the managers’ relative incentive strength: bundling
of decision rights results in PPS divergence across divisions; splitting them results in
PPS convergence.

Keywords: responsibility centers, task allocation, pay-performance sensitivity, in-
vestments, risk

JEL codes: M41, D23, D86



1 Introduction

How should decision rights over investments that affect more than one divisions
(synergies) within a firm be assigned to the units? Should they be bundled in the
hands of a single division manager, making that division an investment center
and the other(s) mere profit centers, or should the decision rights be distributed
more evenly? The management literature invokes information and coordination
needs as key determinants of this design choice (e.g., Sosa and Mihm 2011): if
dispersed information is central for the investment choice, and such information
cannot easily be shared, then decision rights should be decentralized; otherwise,
they should be bundled to improve coordination. By contrast, we argue in this
paper that even in the absence of informational frictions among the business units
involved in a “joint project,” splitting decision rights between the managers can
be advantageous.

We study a setting with two business units that are engaged in stand-alone
(general) operations and collaborate on a project. The efficiency of the project
can be enhanced by upfront specific investments. For example, in a supply chain
an upstream investment (e.g., in product design) may reduce the marginal pro-
duction cost; a downstream investment (e.g., in marketing) may increase the
customers’ willingness to pay. We adopt an incomplete contracting approach
by assuming both ex-ante investments and ex-post project proceeds are non-
contractible. However, we allow for the principal to assign decision rights over in-
vestments to the business units, and we ask whether each division manager should
be in charge of one investment decision (the symmetric regime), or whether one
manager should choose both (bundling)—and if the latter, which manager.

Non-verifiability of investments has two consequences: the manager in charge
of making an investment will select it in his own best interest given his compen-
sation contract, and he will have the attendant fixed cost charged against his

divisional income measure on which his compensation is based[] With ex-post

IThere is no inconsistency in assuming nonverifiable investments and, at the same time,



project returns non-contractible, due to an unverifiable state realization that is
symmetrically observed by the division managers but not by the principal, we
assume the managers split the surplus equally at the margin. To avoid trivial
arguments favoring a particular allocation of decision rights, we assume these
rights can be transferred across divisions at no cost. The managers in our model
are risk averse, and they are identical except for the fact that their divisions face
differential levels of uncertainty in their operations.

We show that scalable (continuous) investments should be bundled in the
hands of the manager facing the more volatile operating environment. This
result builds on the observation in Baldenius and Michaeli (2017) that state
uncertainty translates into outcome risk and thus into compensation risk, and
that specific investments add to this risk. Therefore, an increase in a manager’s
pay-performance sensitivity (PPS) elicits greater general-purpose effort but de-
presses investment incentives by making his compensation more sensitive to the
incremental riskE| The manager facing greater volatility has muted PPS to begin
with and thus greater induced risk tolerance, at the margin. He is more willing
to invest, which mitigates the hold-up problem associated with surplus splitting
(Williamson, 1975).

If project investments are lumpy (binary), on the other hand, decision rights
should be split symmetrically between the managers if their operating volatility
levels are not too different. The reason is that for lumpy investments an ad-
ditional strategic effect comes into play, related to the coordination motif from
the opening paragraph, but running counter to conventional wisdom. Specific
investments tend to be strategic complements: by improving the efficiency of the

project at the margin, an investment increases the optimal project scale, which in

fixed cost charges being applied to divisional P&Ls. In practice, divisions invest all the time
to support their various activities. While total divisional investments may well be verifiable,
disaggregating and assigning them to particular projects is typically infeasible.

2While the PPS also scales the project-related cash flows, it does so equally for the cash
proceeds and fixed costs. Therefore, the only first-order effect the PPS has on investment
incentives is through the marginal risk premium.



turn raises the marginal return to the other investment; and vice versa. Because
complementarities are externalities, the standard view is that they are best dealt
with by bundling decision rights—e.g., Brynjolfsson and Milgrom (2012, p.13,
emphasis added): “When many complementarities among practices exist ... the
transition will be difficult, especially when decisions are decentralized.”

On the contrary, we show that, abstracting from risk considerations, com-
plementary lumpy investments are elicited more cheaply as a (Pareto-dominant)
Nash equilibrium of a two-player non-cooperative game (the symmetric regime)
than from a single decision maker (bundling). The symmetric regime only re-
quires investing be each player’s best response to the other player investing.
Under bundling the investment center manager must prefer investing two units
(and paying the attendant fixed costs) to not investing at all. By strategic com-
plementarity, this is a more demanding condition than the Nash condition under
the symmetric regime, all else equal. Even taking into account the induced
risk tolerance argument, the symmetric regime remains optimal as long as the
respective operating environments are sufficiently similar.

We also consider project-specific inputs that are personally costly to the man-
ager who chooses them, and we label them “project efforts.” Changing the nature
of specific inputs flips the relation between PPS and equilibrium input levels:
standard moral hazard arguments apply as the PPS no longer scales the input
cost. FEach manager’s project effort now is increasing in his PPSE| There is no
longer any tradeoff between eliciting general-purpose efforts and project-specific
inputs. Decision rights over scalable investments should again be bundled, but
now in the hands of the manager with a more stable environment: facing higher-
power PPS, he will exert greater project effort. With lumpy project efforts, for

sufficiently similar volatility levels, decision rights should again be split symmet-

3The investment-risk link—or more generally, input-risk link—is present also for personally-
costly project efforts. But this second-moment effect is outweighed by the first-moment effect,
as in standard moral hazard models, that the PPS now scales up the manager’s internalized
share of the project proceeds, without affecting how he internalizes the input (effort) costs.



rically to better leverage the strategic complementarity.

Our analysis also sheds light on the effect of contractual incompleteness on
the managers’ PPS: bundling of decision rights results in PPS divergence across
divisions; the symmetric regime results in PPS convergence. Consider monetary
investments. Under bundling, the high-volatility /low-PPS manager is given in-
vestment authority; to stimulate investment, the principal will lower his PPS
even further. Under the symmetric regime, it is the low-volatility/high-PPS
manager who is the bottleneck and whose PPS has to be lowered first to pro-
vide investment incentives. These arguments reverse in direction for personally
costly project efforts, leaving intact however the prediction of PPS divergence
(convergence) under bundling (under the symmetric regime).

Our paper contributes to the literature on task allocation. Darrough and
Melumad (1995) and Baiman et al. (1995) study how the organization structure
is affected by the relative importance of the business units to the performance of
the firm. In Bushman et al. (1995), an agent’s action affects the performance of
other agents. Holmstrom and Milgrom (1991), Feltham and Xie (1994), Zhang
(2003), and Hughes et al. (2005) consider task allocation in multi-tasking set-
tingsﬁ In Reichmann and Rohlfing-Bastian (2013) and Hofmann and Indjijekian
(2017), the allocation of tasks or contracting power is delegated to lower hierar-
chical levels. Liang and Nan (2014) and Friedman (2014, 2016) consider models
in which agents’ actions directly affect the variance of performance measures.
Our finding on optimal bundling of scalable personally-costly project efforts is
related to this multitasking literature, in that high-powered PPS elicits different
dimensions of efforts—some yielding only local benefits, others with externalities
across divisions—in tandem [l

Our finding that scalable monetary investments should be bundled in the

4 Autrey et al. (2010) study the determinants of agency costs due to aggregation in a
multi-task setting. Heinle et al. (2012) discuss behavioral incentives in a multitask setting.

5A different but related strand of literature deals with the interaction of divisionalized
firms’ structure and product market competition; e,g., Arya and Mittendorf (2010).



hands of the high-volatility manager builds on Baldenius and Michaeli (2017).
The result that decision rights over lumpy (monetary or personally-costly) inputs
should be allocated evenly among the managers contrasts with earlier calls for
bundling of authority in the presence of complementarities, e.g., Brynjolfsson and
Milgrom (2012). The reason is that in our model (i) the managers always split
the gross project returns and (ii) the manager that chooses an input also has to
“pay” for it. These assumptions seem natural in incomplete contracting settings.
Surplus splitting sets our model apart from earlier agency papers that allow for
more general contracts to divvy up the output, e.g., Zhang (2003), Hughes et
al. (2005), while the linkage of decisions rights and cost charges sets our model
apart from the literature on authority, e.g., Dessein et al. (2010)E|

While our model assumes decision rights can be moved across divisions at no
direct cost, this may not always be descriptive. Instead, the firm may be “stuck”
at times with the symmetric regime for technological reasons. As noted above,
the symmetric regime calls for PPS convergence across divisions. Our model may
therefore shed new light on the puzzle of “corporate socialism.’ﬂ In contrast, if
tasks can be freely allocated, and they are scalable, our model predicts greater
disparity in pay-performance sensitivity across business units as tasks will then
be bundled.

The paper proceeds as follows. Section [2| describes the model and the bench-
mark case. Section [3| and Section {4 consider the optimal allocation of decision
rights with scalable and lumpy monetary investments, respectively. Section
extends the results to personally-costly project-specific efforts. Section [6] con-

cludes.

SFor a survey of the authority literature see Bolton and Dewatripont (2012). Unlike this
literature, in our model the investment center manager has no authority over the actions of the
other manager: “[aJuthority is a supervisor’s power to initiate projects and direct subordinates
to take certain actions” (Bolton and Dewatripont, 2012, p. 343).

"E.g., Levine (1991), Zenger and Hesterly (1997), Shaw et al. (2002), Siegel and Hambrick
(2005).



2 Model

Consider two division managers i = A, B. Each exerts general (operating) efforts,
and together they implement a joint project. The setting builds on Baldenius

and Michaeli (2017). The return to general effort, a; € R, is normalized to one;
2

it is exerted at personal disutility a7, v > 0. The joint project creates a (gross)
surplus M (q, 0, k), which depends on the project scale, ¢ € Ry, a random state
of nature, 6 € R,, and relationship-specific investments, k = (k4, kp), where k;
is chosen from some set KC;, with I = K4 x K. (We will consider both the case
of scalable investments (K; = Ry) and lumpy investments (K; = {0,1}).) We
assume M (q,0,k) = (0 + ks + kp)q — %, i.e., the project surplus is represented
by a quadratic function, which in turn can be derived from a standard linear-
quadratic supply chain Settingﬁ

Before observing 6, the managers choose the investments. Investment k;
comes at a fixed cost of F'(k;). Investments and the state 6 are jointly observable
to the managers but cannot be communicated to the principalﬂ After observing
0, the managers implement the project under symmetric information and split
the project surplus equally. Hence, they choose the ex-post efficient project
scale, ¢*(k, 0) € argmax, M(q,0,k) = 60+ ). k;, resulting in a value function of
M(0,k) = M(q*(0,k),0,k) = 3(0+ >, k;)?. With equal probability, the random
state variable 6 takes values (u — \/n) or (14 /1), /1 < p, so that E(0) = p
and Var(f) = n. The variance of the project surplus then simplifies to:

Var(k) = Var(M(0,k)) = (¢" (1. k))* 7, (1)

so that Var(k) is increasing in each k; (as 2-Var(k) = 2¢*(u,k)n > 0), with

increasing differences in k. Specific investments make the joint project more

8Suppose an upstream unit makes ¢ units of an intermediate good at variable cost
C(q,04,ka) = (¢ — 04 — ka)qg. The downstream unit sells a final product at revenues
R(q,0p,kp) = (r— 1 +0p —l—k;B) q. Setting Y .0, = 6 and r = ¢ (with r sufficiently high
to ensure non-negative costs and revenues) recoups the expression for M(q,0,k) in the text.
See also Pfeiffer et al. (2011), Johnson et al. (2017).

9We ignore message games that elicit information from the managers.
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efficient at the margin and thereby increase the project scale pointwise, for any
f-realization. FEzx ante, however, each expected unit of the project is subject to
the random shock 6. Hence, specific investment scales up the surplus variance.
Baldenius and Michaeli (2017) refer to this as the investment-risk link.

The managers split the surplus M (-) equally resulting in divisional income of

M0,k
7Ti=ai+6i+#—mi(k), (2)

where ¢; is an additively separable random shock to the general environment of
the division with mean zero and variance o7, and FC;(k) is division ¢’s fixed cost,
to be specified below. We confine attention to linear contracts and divisional per-
formance evaluation, s;(m;) = a; + 5;m;, where «; is Manager i’s fixed salary, and
B = (Ba,Bg) € [0,1]? is the vector of the managers’ pay-performance sensitiv-
ities (PPS).E}H The managers are risk-averse with mean-variance preferences,
EU; = E[si(-)] — %a? — &V ar(s;(-)), where p > 0 is the managers’ (common)
coefficient of risk aversion. Manager i’s expected utility is hence:

EU; = o; + f; (ai + w — FUl-(k)> — ga? — gﬁf (o—f + V%(k)) . (3)

Surplus splitting serves as a risk sharing instrument (note the scaling of Var (k)
in the risk premium term). We label o? Division i’s general uncertainty, and 7 the
project uncertainty. Without loss of generality, we rank the general uncertainty
levels such that 0% > 0%, i.e., Division A faces a more volatile environment. All
noise terms, # and ¢;, 1 = A, B, are independent.

To ensure the managers’ participation, we impose the individual rationality

condition that, for any ¢ = A, B,

EU, > 0. (4)

10The lion share of managerial compensation in practice is based on divisional profits, see
Merchant (1989), Bushman, et al. (1995), Keating (1997), Abernethy, et al. (2004).

"The assumption 3; € [0,1] ensures the principal has no incentives to destroy output and
the managers have incentives to provide general efforts.



0 1 2 3 4

Decision Contracts a; and k; 6 observed Managers

rights signed chosen by managers  implement

assigned joint project
and split M

Figure 1: Timeline

Moreover, the principal observes the general effort incentive constraints,
a;(f;) € argmax EU;[- | Bi]. (5)

Given the assumed technology, each manager’s general effort choice is a function
only of his own PPS—specifically, it does not depend on any investment choices.
The fixed salary «; will be set to extract all surplus (net of compensation for the
managers’ personal disutility and risk premium), i.e., to make binding—ez

ante the managers earn zero rents. The firmwide expected surplus is

Wk,B) = EIMOK]+ Y |ai(8) - 5(ai(8)? - FCi(k)]

i=A,B
- % g (o ). ©)
i=A,B
The timeline is given in Figure 1. At the outset the principal assigns the in-
vestment decision rights and contracts with the managers. The managers choose
their investment and general effort levels. The state of nature is realized, the
project is implemented, and the payoffs are realized.
Consider as a benchmark the case of contractible investments. The principal
instructs the managers as to the investment levels, and the managers subse-

quently implement the project and split the proceeds. Investments and the PPS



then are given by (superscript “*” indicates the benchmark):
k*, B* Wik, ). 7
(k" B") € arg _mmax (k, B) (7)

To address a classic organization design issue, we now turn to non-contractible,
delegated investments: how should the principal assign decision rights over spe-
cific investments to self-interested managers? We label the symmetric regime
one in which decision rights are split between the managers: each division is or-
ganized as investment centers, and each manager chooses his own investmentE
Under bundling, in contrast, the principal concentrates decision rights in the
hands of Manager ¢ € {A, B} who then chooses both k4 and kg; the other man-
ager has no investment authority whatsoever, his unit is organized as a profit
center. Irrespective of the regime, both business units remain essential at the
Date-4 project implementation stage (in the supply chain example of footnote
B the upstream unit makes an intermediate good which the downstream unit

further processes and sells), and the managers split the surplus M (-) equally.

Principal Principal

Division A Division B Division A Division B

f/ \A\ % yf f/ \im Ig)

sales A joint project sales B sales A joint project

w

sales B

Fig.2a: Symmetric regime Fig.2b: Bundling with £ = A

Figure 2: Organizational Modes

We build on earlier studies of settings in which decisions themselves may not
be contractible, but decision rights are, e.g., Aghion and Tirole (1997), Hart and
Holmstrom (2002), Bester and Krahmer (2008). Note that whenever investments

12Given our assumption that the investments are equally productive, it is without loss of
generality under the symmetric regime that Manager i chooses k;, i = A, B, rather than
ki, j#i.




are non-contractible, decision rights over them are inextricably tied to the asso-
ciated fixed cost charges: if Manager ¢ has the authority to choose k;, then the

fixed cost F'(k;) will reduce his own divisional income measure, 7, i.e.:lﬂ

F(k;), under the symmetric regime,

(F(ka) + F(kp)) x 1;—p, under bundling with ¢ = i,

where 1,, € {0,1} is the indicator function. Because the managers split the
project surplus equally irrespective of the regime choice, we can restate Manager
i’s gross expected payoff from the project (ignoring the fixed cost and omitting
project-irrelevant terms from ) aﬁ

(E[M(Gvk)]

(k| B;) = s 5

— gﬂﬂ/ar(k)) ) (8)

Subtracting the manager’s internalized portion of investment fixed costs, [3; FC;(-),

yields the corresponding net payoff to Manager ¢:
Ai(k | i) =T(k | B;) — B:F (1)
under the symmetric regime, and
A(k| B) =T (k| B) =B Y, Flm) x Lizs
m=A,B

under bundling.

Under the symmetric regime, at Date 2, the managers choose their respective
investments simultaneously in form of a pure-strategy Nash equilibrium: for
given 3,

Igle%é Al<kl7kj ’ B@)a 1] = AaB7 ¢ 7é J- (9)

13We ignore here other aspects affecting the delegation of decision rights over investments
that, e.g., related to optionality as in Arya et al. (2002).

MThere is no need to index the I'(-)-function because the managers are identical (except
for their operating uncertainty). Also, in our model investments are of equal productivity and
therefore I'(z,y | 8;) = '(y,x | 5i), for any z,y, 5;.

10



Denote the equilibrium investments for given B by k®(B) (superscript “S ” de-
notes the symmetric regime). At Date 1, the principal anticipates the Date-2
investment subgame outcome and solves

Program P°: max W(B)=W(k, B(B)).

Belo,1]2

We assume an interior solution and denote it by B° = (35, 43). The equilibrium
investments under the symmetric regime then are k% = (k%, k%) = k%(°).
Under bundling Manager ¢ is the designated investment center manager. At

Date 2 he chooses both investments (™ ” denotes the bundling regime):
k'(5r) € argmax Af(k | 5y). (10)

A key difference to the symmetric regime, as in @, is that the profit center
manager’s PPS, 3;.¢, no longer affects any investments. The principal’s Date-1
contracting problem for given allocation of decision rights, ¢, reads

Program P’: max WHB) = W(B,EZ(65>).

Be[0,1]?

Denote the solution to this program by B\g and the resulting investments by
k' = (k4 kf) = K'(B)).

At Date 0, the principal asks which Manager ¢ € {A, B} delivers a higher
value of the respective programs P under bundling, and then compares the
maximum achievable surplus with that under the symmetric regime. As we will
show now, the nature of the investments—continuous or lumpy—critically affects

the regime comparison.

3 Continuous investments

We begin by assuming investments are perfectly scalable, i.e., K = R3. The
investment fixed costs are given by F'(k;) = le€2 We start with the benchmark

case and decompose the principal’s problem into two steps: First, it is easy to

11



see that the conditionally optimal PPS for given investments k is

Be(k) = (1 + pv (af - V%(k)»_l. (11)

Let B°(k) = (89(k), 8%4(k)). Second, the optimal investment, k* € R%, maxi-
mizes the value function W*(k) = W(B°(k),k); hence, 5 = p?(k*). Because
both investments come at identical fixed cost and risk premium effects, by @ and
(), the benchmark investments are identical: k% = kj; = k*. The investment-
risk link implies that §¢(k) is decreasing in k;, for any ¢, j. Accounting for the
project risk reduces the PPS below M = (14 pvo?)~, the PPS in a pure moral
hazard model without joint projects. Thus, investments and PPS are substitutes
for the principal in the benchmark case. By 0% > 0%, we have 8% < 5. We
assume f is sufficiently high to ensure all investment problems studied below are

Well—behaved.ﬁ Moreover, we assume the project uncertainty is bounded from

above:

2
Assumption 1 7 < min{nisk, pos , where Npis, = 40% (%) and Mpos = %.

Assuming n < n,;4 ensures the project risk for each manager is less than his op-
erating risk; for high project risk, one would expect the divisions to be mergedm
Note that lim,,_,,, ., 55 = 8" = (1 + 2pvo?)” " and, therefore, 57 € [gmin, GMH),
The restriction n < 7,,, ensures the principal chooses a positive benchmark in-

vestment level, k7 > OE

15Specifically, assuming f > 6 ensures global concavity of the expected payoffs of the
principal (in the contractible benchmark case) and of the division managers (under non-
contractibility), respectively.

16To provide intuition for the bound 7,5 in Assumption [1} note that the hypothetical
investments in a risk-free world (where  — 0), k™ € argmaxy, x, M (11, k) — %lk? (omitting
irrelevant terms), are given by k;”f =k = ﬁ By (), k* < k. Assuming 1 < 7,45 then
ensures the project-related risk would be less than the operating risk for each manager, even
if these risk-free investments were chosen. From a technical standpoint, < 7,45 is sufficient
also for the project-related risk premium for Manager i, £(8?(k))? - Var(k), to be increasing
in k; for any k; < k7. Under this condition, the indirect effect in form of a reduced PPS is
dominated by the direct effect on the variance of the surplus.

"Taking the derivative of the principal’s expected utility, Wi = E[M,(0,k)] —
£ 32,8700 Vary, (1) — F/(k) = " (k) (1= 5 55,(87(00))?) — fh. Hemce, for 1 < pos,

12



In earlier incomplete contracting models that have ignored project risk, bi-
lateral investments tend to be mutually reenforcing: efficiency-enhancing invest-
ments by Manager i increase the expected project scale, which in turn raises the
marginal investment return to Manager 7, and vice versa. That is, the firmwide
expected contribution margin, E[M ()], displays increasing differences in the in-
vestments. However, by the investment-risk link as in , the same is true for the
managers’ project-related risk premium. Given Assumption [T} it is easy to show
though that the first-moment effect dominates, making contractible investments

complements at the margin:

Lemma 1 Given Assumption (1] and for given B, both W(k,B) and I'(k | 3;)

have strictly increasing differences in k.

Both the expected surplus in the benchmark case as well as the gross in-
vestment return functions under the two decentralized regimes (and thereby also
the managers’ net investment returns, A;(k | 3;) and Af(k | 3;)) display invest-
ment complementarity for given PPS. We now turn to the manager’s investment

incentives under the symmetric regime.

Lemma 2 Given Assumption |1 and k € R%, under the symmetric regime:

(a) For given B, there exists a unique equilibrium investment profile with ki (B) =

pn(ﬁefﬂifﬁl‘()fﬂ)’ i = A, B, j # 1. FEach investment level is decreasing in the
i+ 0
dk; (B)

PPS of either manager: —5 <0,4,)= A B.

(b) In equilibrium, k¥ > k5 > k%, i = A, B.

The performance measure of the investing manager scales all divisional cash
flows (including the fixed cost) equally by his PPS. Hence, the sole first-order

effect of an increase in PPS is that he will be reluctant to invest because he

the marginal investment return for small k; is positive because 5; <1, j = A, B. As we show,
this condition also ensures that the pressing investment distortion is underinvestment. For
cases in which overinvestment arises, see Baldenius and Michaeli (2017).

13



becomes more sensitive to the investment-risk link. Strategic complementarity
reinforces the investment-suppressing effect of PPS and implies that each man-
ager will invest less, the greater is his counterpart’s PPSH Comparing across
divisions, in equilibrium, Manager A will invest more than Manager B because
of the differential operating volatility, 0% > o%: greater uncertainty is associated
with relatively lower PPS for Manager A, which makes the latter more toler-
ant to the incremental investment-related project riSkE Yet, even Manager A
underinvests relative to the benchmark level because of the holdup problem.
We now turn to the bundling regime, in which Manager ¢, the designated
investment center manager, chooses both k4 and k. As argued in connection
with , above, Manager ¢’s choice of k is affected only by his own PPS. In
contrast to the symmetric regime (Lemma, therefore, the resulting investment
profile under bundling is always symmetric: %ﬁ‘ = ?B, for any ¢. The arguments
in Lemma [2| for underinvestment and the investment-suppressing effect of the

PPS apply with only minor modifications to bundling (proof omitted):

Lemma 3 Given Assumption under the bundling regime with Manager ¢
choosing both k € R%:

(a) For given B, Manager { chooses Ef(ﬁ) = #T(?é—)w for any i, where

kf(B) is decreasing in .

(b) In equilibrium, for any i and ¢, kf > /k?f

18 As one would expect, the closed-form term for kf (B) indicates that Manager i responds
more sensitively to changes in 5; (the direct interaction between k; and ;) than to changes in
B; (the indirect effect through investment complementarity).

9Temma [2] is silent on how the PPS under the symmetric regime, 37, compares with the
benchmark one, 8. As Baldenius and Michaeli (2017) have shown in a simpler unilateral
investment setting, this comparison can go either way because of two countervailing effects:
the investment suppressing effect of effort incentives calls for lowering the PPS if investment
is noncontractible; on the other hand, equilibrium underinvestment implies that the marginal
risk premium is reduced, which calls for increasing the PPS. Baldenius and Michaeli (2017)
derive conditions that predict the direction of the net effect.

14



We now ask which regime maximizes the principal’s expected payoff. A re-
maining design issue for the principal under bundling is in whose hands to concen-
trate the decision rights, i.e., which of the managers to designate the investment

center manager (whether to set £ = A or ¢ = B):

Proposition 1 Given Assumption |1j and k € R, bundling with { = A (high

volatility) dominates both bundling with ¢ = B as well as the symmetric regime.

Because any decentralized regime results in underinvestment relative to the
benchmark solution, the question is which regime is most effective in alleviat-
ing this distortion. With scalable investments, the answer hinges solely on the
induced risk tolerance arguments, above: Manager A faces the more volatile en-
vironment and therefore has muted PPS to begin with; hence, he is less sensitive
to the investment-induced project risk and should be assigned all investment
decision rights. Put differently, the key to stimulating delegated investment is
muted PPS, and the opportunity cost of muted PPS is minimized by designating
Manager A the investment center manager under bundling.

We now turn to non-scalable investments. Lumpiness in project investments
will amplify the role of strategic complementarity, with drastic consequences for

the ranking of the organizational modes.

4 Lumpy investments

We now consider investments of fixed size, normalized so that K = {0,1}?, i.e.,
each investment can either be undertaken or not. Examples are the replacement
of existing equipment, M&A, or the decision to develop a new product or to
enter a new market. The assumption that both investments are of similar size is
solely for notational convenience. We continue to assume that each investment is
equally productive by normalizing the marginal gross return to one, and the fixed

cost per unit of investment to ¢ > 0. (None of our results hinges qualitatively
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on this symmetry restriction.) The principal’s objective remains to maximize

W (k, B), as in (7)), now with K = {0,1}? and fixed costs F;(k;) = ¢k;.

4.1 Investment incentives at Date 2 for given PPS

It is useful to begin the analysis of lumpy investments by studying the outcome
of the Date-2 investment subgame for given PPS and only then endogenizing
the PPS. The conditionally optimal investments chosen by the principal in the
contractible benchmark setting, holding fixed the PPS, are given by k*() €
arg maxye(o132 W(k, ). Using the investment complementarity (Lemma, the
benchmark investment profile will be “all or nothing:"P”

(

(1,1), if ¢ < ¢"(B) = 5 {Ep[M((1,1),0) — M((0,0),0)]

k" (B) = —2(B% + B3)[Var(1,1) — Var(0,0)]},

| 0.0) it 0> 6°(B).

(12)
We refer to ¢*(f3) as the benchmark fixed cost threshold for given (.

Strategic complementarity affects also the set of investment profiles to arise in
equilibrium under delegation with non-contractible investments. Under bundling,
Manager ¢’s optimization problem remains as in , with investments now cho-
sen from the discrete set K = {0,1}? at fixed cost ¢(ka + kp). Because Man-
ager (’s investment return also displays complementarity in investments (again,
Lemma , the equilibrium investment profile will again be “all or nothing:” the

investment center manager under bundling chooses (1, 1) for given PPS if

L(L, 1] Be) —2Bep > T(0,0] By), (13)

20Tt is easy to see that the principal would be indifferent between the “mixed” investment
profiles (1,0) and (0,1). However, by Lemma [1} such a mixed investment profile can never be
optimal.
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and (0,0) otherwise. Therefore,

(17 1)? if ¢ < ¢€1(5€) = QL&[F(L 1 ’ Bﬁ) - F(070 ‘ 53)]7
(07 0)? if Qb > Q%l(ﬁf)

NEE (14)
Below the fixed cost threshold ¢4, (53;), Manager ¢ makes both investments; be-
yond this threshold, he foregoes any investment.

Under the symmetric regime, a Nash equilibrium in investments, k(f), is
determined by (9), now with k; € {0,1} at fixed cost F(k;) = ¢k;. For the
sake of illustration, and with slight abuse of notation, for now denote the PPS
profile by the non-ordered pair 3 = (f, B) where B < B. Recall that, by Lemma
(which applies qualitatively also to lumpy investments), greater PPS lowers
a manager’s investment incentive by increasing his exposure to the marginal
investment-induced risk. All else equal, therefore, the bottleneck in terms of
eliciting investments is the manager with the greater PPS. Hence, the investment
profile k%(B) = (1, 1) constitutes an equilibrium under the symmetric regime for

¢ low enough such that even the high-PPS manager has no incentive to deviate:

F(L 1 | B) - B¢ > F(LO | B) (15)

Denote by ¢11(B) the fixed cost value at which becomes binding. At the
same time, k°(B) = (0,0) is an equilibrium for ¢ high enough such that even

the low-PPS manager has no incentive to deviate by investing unilaterally:

['(1,0] ) = o <T(0,0] ). (16)

Denote by ¢go(B) the fixed cost threshold at which becomes binding.
Clearly, for sufficiently low fixed costs (1,1) is the unique investment equi-
librium under the symmetric regime; for high fixed costs (0,0) is the unique
equilibrium. For intermediate fixed costs one of two cases may arise: either both
and hold simultaneously, resulting in multiple symmetric equilibria; or
and are both violated, permitting only asymmetric equilibria in which
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exactly one manager undertakes the investment. To characterize the set of equi-
libria, we show in the proof of Lemma |4 that the fixed cost threshold differential
for given PPS, ¢11(B) — boo(B), is proportional to some function

X(B) = {<2N+3) (1_@> —(2u+1)< —%)1.

Note that X () is increasing in 3 and decreasing in B—and therefore decreasing

in the PPS differential—and it is decreasing in 17. We then have:

Lemma 4 Suppose Assumption holds. For k € {0,1}? and given B = (B, B),

the (Pareto-dominant) investment equilibrium under the symmetric regime is:

(17 1)7 Zf‘b S (,bll([‘)))?
(0,0), if ¢ > ¢11(B).
A sufficient condition for X() > 0 is that the PPS differential is small

(or the project risk 1 is small); specifically, B — B < /% (% + %)

(a) For X(B) >0, ¢oo(B) < ¢11(B), and k°(B) =

(

(1,1), if ¢ < o11(B),
(b) For X(B) <0, ¢oo(B) > ¢11(B), and k°(B) = ¢ (1,0) or (0,1), if ¢ € (¢11(B), doo(B)],

L (Oa0)7 Zf¢ > ¢00(ﬁ)

Games of strategic complementarity are routinely afflicted by multiple equi-
libria. This is true also for the symmetric regime if managers face fairly similar
PPS (Lemmalh): for intermediate values of fixed costs, both and hold
simultaneously, making (1,1) and (0,0) each a Nash equilibrium. To predict
which of these the managers will play, we note that the investment subgame sat-
isfies the conditions for a supermodular game as in Milgrom and Roberts (1990);
hence, we can invoke their Theorem 7 stating that the highest equilibrium—nhere,
(1,1)—is the Pareto-dominant one. For ¢ € (¢oo(B), ¢11(B)) in Lemma [, we

can therefore ignore the no-investment equilibrium.
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Lemma (b states a condition for an asymmetric equilibrium to obtain for
intermediate fixed cost values. In that equilibrium, only the manager with the
lower PPS will invest. While his investment raises the investment incentive also
for the other manager, if the PPS differential is large enough, then this strategic
complementarity effect is insufficient to compensate the high-PPS manager for
the incremental risk premium associated with investingﬂ

Turning now to the regime comparison for lumpy investments, we first ap-
proach this issue heuristically by asking which regime implements the investment
profile (1,1) for a wider range of fixed cost parameters—i.e., we compare the ¢-
thresholds in and Lemma {4 for given B = (8, B). As a preliminary finding,
both regimes fall short of providing efficient investment incentives by this crite-

rion (holding fixed the PPS):
Lemma 5 Suppose Assumption holds. For k € {0,1}* and given B = (f3, B):

(a) Under the symmetric regime, ¢11(B) < ¢*(B).

(b) Under bundling, ¢%,(8¢) < ¢*(B), for any L.

Either regime leads the managers to underinvest for given contracts, by this
heuristic criterion. Which regime is best suited to alleviate the prevailing under-
investment problem? Conditional on bundling decision rights, to best alleviate
the underinvestment problem, the principal would designate the manager with
the lower PPS the investment center manager. For the remainder of this sub-
section, we index by ¢* the manager facing the lower of the two PPS, 3. Given
Lemma , we say the symmetric regime investment-dominates (for given PPS)
the bundling regime whenever ¢11(B) > ¢f;(5), and vice Versa.

There are two conceptual differences between the regimes, which jointly deter-
mine the performance comparison: (a) the game forms differ—a (simultaneous-

move) non-cooperative game under the symmetric regime versus a single-agent

2In Lemma [, it is without loss of generality to write the investment equilibrium for
intermediate fixed costs as (1,0). This equilibrium is payoff-equivalent for all parties to (0, 1).
220n a technical level, we use here the fact that W(,k) is concave in k for given (.
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optimization problem under the bundling regime; (b) the risk tolerance benefit
under the bundling regime resulting from assigning the investment authority to
the agent who is more willing to invest because of his lower PPS. Our next result

identifies conditions for (a) to be the dominant force:

Lemma 6 Suppose Assumptz’on holds, k € {0,1}2, and X (B) > 1. Then, for
any given PPS of B = (B,8), ¢u(B) > ¢%1(B), and hence the symmetric regime

investment-dominates bundling. A sufficient condition for X (B) > 1 is that the
PPS differential is small; specifically, 5 — B < i (% + & )

o1

Lemma [6] is in stark contrast to Proposition [I, which dealt with continuous
investments. Why, with lumpy investments, does the symmetric regime generate
stronger investment incentives than the bundling regime if the PPS differential is
limited? As 3 — [ becomes small, the risk tolerance benefit of bundling vanishes;
this leaves the different game forms. Consider the limit case where both PPS
levels converge to the same value, say x. Comparing with 7 holding the
PPS for each manager fixed at x, we find that inducing (1, 1) as a Nash equilib-
rium under the symmetric regime is a less demanding condition than inducing
some Manager ¢ under bundling to invest two units rather than none. The reason

is that, for any given =z,

P(L,1|Be=2)—T(0,0] B =x)

ML Bi=2)-TQ1,0]8=1) — 2 -0
as in (I5) as in (13)
(17)

by strategic complementarity (Lemma [2). The symmetric regime generates
strong investment incentives in aggregate by requiring that investing only be
each manager’s best response to the other manager also investing. At a fixed
cost of §;¢, Manager ¢ reaps his share of the return from changing the investment
profile from (0,1) to (1,1). Investment incentives under bundling, in contrast,
are muted by the fact that the investment center manager has to pay for the

total fixed cost, 20¢¢, to change investments from (0,0) to (1, 1).
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T(1,1|B) = T(1,0 | B) - 5 > 0
(1,0) (1,1) (1,0) - (1,1)

[(1,118)-T(0,0]8) —28¢ >0

(0,0) (0,1) (0,0) (0,1)
(a) Bundling: low-PPS manager (b) Symmetric form: Nash equilibrium (binding
chooses k4 and kp constraint is high-PPS manager)

Figure 3: Comparison of investment incentives with exogenous PPS
Solid arrows indicate the binding constraints in order to elicit the investment profile (1, 1).

Loosely put, if the project proceeds are split by the managers, eliciting high
levels of inputs from two players in form of a Nash equilibrium is relatively
“cheap” if these inputs are strategic complements. We henceforth label the
game form effect the strategic complementarity effect: the symmetric regime
takes advantage of the strategic investment complementarity; bundling does not.
Figure 3 illustrates the risk tolerance and strategic complementarity effects, with
bold arrows indicating the binding investment incentive constraints.

Now consider the case of a large PPS differential, 3— B; specifically, fix 8 while
increasing 3. Investment incentives under the bundling regime are unaffected by
this change, because only the low-PPS manager matters for investments. The
bottleneck under the symmetric regime is to get the high-PPS manager to invest;
this constraint becomes tighter as /8 increases. Letting 7 vary, as a measure
of the intrinsic project uncertainty, Figure 4 plots the difference in the fixed
cost thresholds as 3 increases, holding B fixed. High n values (Fig. 4a) boost

the induced risk tolerance effect and dampen the strategic complementarity by
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strengthening the increasing differences of the risk premium in k, as per . Both

effects work in tandem to make the symmetric regime the investment-dominant

one for a wider range of PPS differentials 5 — 3, for small n values (Fig. 4b).

206 ~~<
20.44 Serc

20,2 [symmetric form preferred ~<

19.8] RN ¢11(|3)

196+

L L L L L
0.2 0.4 0.6 0.8 1.0 ﬂ

(a) High project risk: n = 0.09

r
20.70
20.65
20.60 |-
20.55

20.50

20.45

1 (8)
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J >~
S
T ¢11(B)
symmetric form preferred
| I

I I I
0.2 0.4 0.6 0.8 1.0 5

(b) Low project risk: n = 0.03

Figure 4: Fixed cost thresholds comparison for p =40, 8 =0.1, p = 1.
Dashed line represents ¢;1(B). Solid line represents ¢f;(3).

4.2 Regime comparison with equilibrium contracts

As before in the case of scalable investments, the optimal PPS for given k under
the contractible benchmark is B°(k) as derived in but with IC; = {0,1};
and the optimal k maximizes W*(k) = W(k, 3°(k)). As we show in the proof

of Lemma [7} the expected surplus continues to display investment complemen-

tarity even after endogenizing f3, i.e., the value function W*(k) has increasing

differences in k. As a result, the principal’s choice of lumpy investments under

the benchmark case with endogenous contracts continues to be “all or nothing.”

Lemma 7 If Assumption [1 holds and k € {0,1}2, then the contractible bench-

mark solution is:

((1,1), °(1,1)),
((0,0),8°(0,0)),

(k" B") =

22
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In the main (decentralized) setting, the managers’ contracts again are chosen
by the principal at Date 1, anticipating the induced Date-2 investment and gen-
eral effort choices. By Lemma[d], with lumpy investments, this causes a technical
challenge under the symmetric regime, as the PPS profile  affects qualitatively
the set of possible equilibria in the investment subgame in which exactly one
manager invests. To address this issue, for the remainder of this section we

tighten the upper bound on the intrinsic project risk:

Assumption 2 7 < min{n,isk, Mpos, Nsymm }, WHETE Ngymm = m.

Assuming 1 < 7)gymm ensures the sufficient condition for X () > 0 in Lemma
holds for any PPS@ Hence, when optimizing over (3, the principal only needs
to consider symmetric equilibrium investment profiles, (0,0) or (1,1), in the
subgame played by the managers.

Under the symmetric regime, if the principal were to set the PPS equal to
B°(1,1), then the managers would play the (1, 1) investment equilibrium up to a
fixed cost level of ¢11(B°(1,1)). To reduce clutter, let 55 = ¢11(B°(1,1)). At the
same time, as described above, the solution to the benchmark problem entails a
fixed cost threshold ¢* such that k* = (1, 1) if and only if ¢ < ¢*. Beyond this
fixed cost level, investments are lost—and the PPS adjusted to °(0,0)—even
under the benchmark solution; a fortiori, the same holds under the symmetric
regime. Hence, for any ¢ ¢ (g_bs, ¢*|, there is no cost to the principal as a result of
incomplete contracting under the symmetric regime. However, for intermediate
fixed cost values, ¢ € (55, ¢*], Lemma [5| suggests weak underinvestment. The
only way for the principal to induce the investment profile (1,1) in this fixed cost

range is by lowering the PPS, so that the investment incentive condition,

DL, 1] 8)—Big>T(1,0] ) (18)
holds for any Manager i. Denote by 35 (¢) the PPS that satisfies this condition

as an equality.

23The condition n < pﬁﬁw is derived by setting the left-hand side of the sufficient condition

for X(B) > 0 in Lemma 4| equal to its maximal value of one.
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Under the symmetric regime, the principal will choose the optimization pro-

gram with the greater value from among the following:
Py (Induce investment under symmetric regime): For any ¢ € (as, o,

max W(B | k= (1,1),

subject to and f3; < ES((b), for any 1.
Py, (Forestall investment under symmetric regime): For any ¢ € (55, '],

max W(B |k = (0,0)),

subject to (B) and 8; > 5°(¢), for any i.
Evaluating these two programs yields our next result:

Proposition 2 (Symmetric regime) Suppose k € {0,1}? and Assumption [J
holds. Under the symmetric regime, there exists a unique ¢° € (g_bs,(b*], such

that:

(i) Ifo € (6, 5], then By = B5(¢) < B%(1,1) and B4 = min{35(¢), B4(L, 1)}.

Both managers invest, as they would under the benchmark solution.

(ii) If ¢ € (¢°,¢*], then B; = 32(0,0) > B2(1,1), i = A, B. Neither manager

invests, whereas k* = (1,1) under the benchmark solution.

Figure 5 illustrates this result graphically, with increasing fixed costs along
the x-axis. The manager with less volatile operations (Manager B) has a higher
benchmark PPS. As fixed costs increase, his PPS has to be muted first to
B = BS (¢) to elicit his investment. As fixed costs grow further, at some
point the investment constraint may become binding even for Manager
A. Now both managers’ incentives must be muted in lockstep; hence, 54 =
min{3%(¢), 85(1,1)}. At fixed cost of ¢°, the net investment benefit falls short

of the opportunity cost of foregone general effort, so the principal gives up on
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Figure 5: Optimal PPS and induced investments under the symmetric regime
Numerical example with u =14, p = 2, v = 0.013, 0% = 20, 0% = 10, = 1. In this example,
under the contractible benchmark, k* = (1,1) and B* = B°(1,1) = (0.31,0.34) if
¢ < ¢* = 13.14. Otherwise, k* = (0,0) and B* = p?(0,0) = (0.36,0.39).

investments. This in turn allows her to expose both managers to higher-powered
incentives because of the reduced project risk.

Under bundling, incomplete contracting imposes costs on the principal also
only for intermediate fixed cost levels. Recall, to capitalize on the induced risk
tolerance effect, the principal chooses ¢ = A. For ¢ € (q_bA, ¢*], however, Lemma
suggests weak underinvestment, where g_bA = ¢ (B°(1,1)). Manager A will

choose (1,1) whenever

L(1,1] Ba) —2B4¢ > T(0,0 | Ba). (19)

Denote by BA(gb) the PPS level that satisfies this condition as an equality. By
strategic complementarity, it is immediate that BA(qb) < BS (¢) for any ¢.
Under bundling the principal compares the values of the following two opti-

mization programs:
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ﬁﬁ (Induce investment under bundling, ¢ = A): For any ¢ € @A, o,

max W(B |k = (1,1),

subject to and B4 < BA(@.
730% (Forestall investment under bundling, ¢ = A): For any ¢ € (g_bA, '],

max W(B |k = (0.0))

subject to (5)) and S4 > BA(¢).
Evaluating these two programs yields:

Proposition 3 (Bundling) Suppose k € {0,1}2. Under bundling, Manager A
(high operating volatility) is designated investment center manager ({ = A), and

there exists a unique </;§\A € (aA, ¢*] such that:

(i) If 6 € (", 64, then fa = BA(9) < B3(1,1) and Bp = B3(1,1). Manager

A chooses (1,1), as would be the case under the benchmark solution.

(ii) If ¢ € (¢, ¢*], then B; = 42(0,0) > B°(1,1), i = A, B. Manager A chooses
(0,0), whereas k* = (1,1) under the benchmark solution.

Propositions [2| and [3| have in common that for intermediate fixed cost levels,
the principal trades off investment and effort distortions. Yet, the nature of the
contract adjustments necessary to elicit investments differs qualitatively across
the regimes (see Figures 5 and 6). Under the symmetric regime, incomplete
contracting leads to PPS convergence across divisions because the high-PPS
manager is the bottleneck whose PPS needs to be muted (first). Under bundling,
in contrast, the low-PPS manager is designated investment center manager: only
his PPS needs to be muted as the incentive constraint becomes binding, resulting
in further PPS divergence across divisions. Throughout the paper we assume that

decision rights can be moved across divisions at no direct cost. However, this may
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Figure 6: Optimal PPS and induced investments under bundling
Numerical example with y = 14, p = 2, v = 0.013, 6% = 20, 0% = 10, n = 1. In this example,
under the contractible benchmark, k* = (1,1) and B* = B°(1,1) = (0.31,0.34) if
¢ < ¢* = 13.14. Otherwise, k* = (0,0) and " = B°(0,0) = (0.36,0.39).

not always be the case; instead some firms may be “stuck” with the symmetric
regime for technological reasons. In this case, our model predicts harmonized
incentives and thus sheds light on the puzzle of “corporate socialism.”@
Having characterized the optimal contractual adjustments and attendant
equilibrium investments under the two regimes, we are now in a position to

generalize the result of Lemma [6] regarding the regime comparison.

Proposition 4 Suppose k € {0,1}? and Assumptz’on@ holds. For given o%, the
principal prefers the symmetric regime to the bundling regime if 0% € (0%, 0%+96),

for some § > 0.

The message from our heuristic performance comparison for given PPS gener-
alizes to optimal contracts (within the class of linear schemes relying on divisional

performance measures). For lumpy capital investments, the principal trades

2 evine (1991), Zenger and Hesterly (1997), Shaw et al. (2002), Siegel and Hambrick (2005).
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off taking advantage of strategic complementarity under the symmetric regime,
against utilizing the greater induced risk tolerance associated with low-powered
PPS under bundling. As the volatility levels converge across divisions, the risk
tolerance benefit becomes negligible and the symmetric regime is preferred. The
principal could assign all investment authority to one manager (bundling) and
mute that manager’s PPS to boost both investments. The associated oppor-
tunity cost in terms of foregone general effort exerted by Manager ¢, however,
makes this less advantageous than splitting decision rights between the managers

(the symmetric regime).

5 Personally costly project-specific efforts

We now consider the case where the relationship-specific inputs are not paid for
with divisional funds but instead are personally costly to the respective manager
who chooses them. Examples are foregone perquisites or private benefits from pet
projects, or simply the disutility of engaging in time-consuming market research.
To accommodate such personally-costly relationship-specific efforts (henceforth
“project efforts”), we modify the notation. At Date 2, project efforts e = (ea, ep)
are chosen at personal disutility of G(e;), respectively (replacing k chosen at
monetary divisional fixed cost of F'(k;)). For simplicity, we assume the project’s
contribution margin has the same functional form as before in that ¢*(6,e) =
0+ e and M(0,e) =10+, e)

We again compare the symmetric regime (Manager i exerts effort e;) and
bundling (Manager ¢ exerts both (e4, eg)) in settings where the project efforts are
either scalable or lumpy. The performance measures now read m; = ai+€i+%,
regardless of the regime, as the project effort cost is borne privately by the
managers. The manager’s expected utility is, accordingly,

0= vt (o0 + ERLEED) o) - Lt - 232 (o + YD) o
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where Var(e) = Var(M(6,e)) = (¢*(u, €))*n and

— G(e;), under the symmetric regime,
FCi(e) =
(G(ea) + G(ep)) x 1;—y, under bundling with ¢ = 1.
By moving from a setting of monetary to one of personally-costly project inputs,
the managers’ general effort incentive constraints in are unaffected, but their
choice of the project-specific inputs is affected in that the input cost, FA@@(), is
no longer scaled by the PPS (contrast with )

In the benchmark case of contractible project efforts, the principal simply
maximizes (e, %) € argmaxe g W (e, B). As before, 5* = °(e*) where §?(e) =
(1 + pv [a? + V%@} ) - is the conditionally optimal PPS. For noncontractible
project efforts, Manager i’s expected gross payoff from the project is I'(e | 5;),
with T'(+) as defined in with e replacing k. The corresponding net payoff to
Manager i is denoted by A;(e | 8;) = I'(e | ;) — G(e;) under the symmetric
regime and by Kf(e | Bi) = (e | Bi) — >_,—a5G(em) X Lizy under bundling.
Under the symmetric regime, at Date 2, the managers choose project efforts

simultaneously such that, for given £,
max Ay(eie; | ), ij=AB, i#]. (21)

As before, we focus on pure-strategy Nash equilibria. The subgame equilibrium
project efforts for given B are e”(B). At Date 1, the principal maximizes W () =
W(B,e5(B)) over B. We assume an interior solution and denote it by B =
(B85, %), resulting in equilibrium project efforts of €% = (e5,e3) = %(B°).

Under bundling, at Date 2, Manager ¢ solves, for given 3,
max Aj(e | B), (22)

which yields the solution €‘(,). At Date 1, the principal maximizes W (,e(5,))
~0 ~ o~

over 3. Assuming an interior solution, we denote it by B = (8%, 8%) and

the resulting equilibrium project efforts by € = (¢%,¢%) = €°(3,). Adapting

Assumption [T] to project efforts:
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2
Assumption n < min{Drisk, Mpos }, where Npig, = 4o (9—_92) and Npos =

=

5.1 Continuous project efforts

ge?
2

Suppose project efforts are scalable, e € R, at personal disutility G(e;) =

with ¢ sufficiently highﬁ Recall that monetary investments were decreasing
in the managers’ PPS, because all cash flows were scaled by the PPS, so at the
margin greater PPS merely made the managers more sensitive to the investment-
related project risk. With project-specific personally-costly efforts, this result
flips:

Lemma 8 Given Assumption|l] and e € R%

(a) For given B, both W (e, ) and I'(e | B;) have strictly increasing differences

n e.
(b) A;(e| B;) and A, (e | B:) have strictly increasing differences in (e, B;), for
any i, L.

() di(elf) ~ dW(e.) . 1 dRi(elBe)  dW(ep

) .
de; — de; de; — de; ’ fOT' any e, B’ 4 2

(d) For any B: under the symmetric regime there exists a unique Nash equilib-

rium in efforts solving such that %ﬁ(jﬁ) > 0 for any, j; under bundling,

ot
for any ¢, there exists a unique mazximizer to (22|) such that dgl—é,fe) > 0 and
del(By) _ : ’
m =0 fO?“ any t.

With project efforts being personally costly, the classic moral hazard argu-
ment that stronger PPS elicits greater (project) effort is merely weakened but
not overturned by the input-risk link (the risk premium is again increasing in e;,

as -=Var(e) = 2¢*(u,e)n, for any ). Put differently, the first moment-effect of

25Similar to the case of monetary investments, g > 6 ensures global concavity of the expected
payoffs of the principal (in the contractible benchmark case) and of the division managers
(under non-contractibility), respectively.
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an increase in the PPS now dominates the second moment-effect. When design-
ing incentive contracts, the principal no longer has to trade off general effort and
project-specific inputs: a; is increasing in 3;, and the project effort vector e is
increasing in [, under bundling and increasing in both 3 under the symmetric
regime (again, strategic Complementarity)m

Accordingly, we find for the regime comparison for scalable project efforts:

Proposition 5 Given Assumption | and e € R3, bundling with ¢ = B (low

volatility) outperforms both bundling with £ = A and the symmetric regime.

As with monetary investments, surplus splitting implies that either regime
will lead to underprovision of project efforts in equilibrium. Bundling decision
rights mitigates this problem most effectively, but now the manager facing the
more stable operating environment should be designated investment center man-
ager. A more stable environment calls for higher-powered PPS for Manager B
which, by Lemma [8], delivers greater general-purpose and project-specific effort

levels in tandem.

5.2 Lumpy project efforts

Now consider lumpy personally costly project efforts, e; € {0,1}. The effort
disutility per unit of project effort is given by v > 0. The principal’s objective
remains to maximize W (f,e), with modified input costs G;(k;) = ve;. Solving
this program, by strategic complementarity (Lemma ), optimal project efforts
are e* = (1,1) for any effort cost below a threshold v*, and e = (0, 0) otherwise.

To study noncontractible project efforts, we again first take the PPS B =

(B, B) as given, where B < 3. Following similar arguments as above, both de-

26In analogy with Lemmas and , the proof of Lemma derives closed-form expressions
for the resulting project effort profile for given  under the two regimes as

Sipy _ Bin (5 — £5:) oy a5 =B
GZ(B)_g+%(ﬂ3+ﬂ?)_%(5l+ﬁ])7]7&23 and 61(5@)_%_'_%5[_1

fori,j = A, B.
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centralization regimes result in underinvestment. But contrary to monetary in-
vestments, recall the PPS now stimulates, rather than depresses, project specific
inputs. Therefore, under bundling the principal designates the manager facing
higher-powered PPS the investment center manager (3, = (), while under the
symmetric regime the manager with the lower PPS now is the bottleneck in
terms of eliciting project efforts (Fig. 7).

Under bundling the investment center manager chooses (1, 1) for given PPS

if and only if

P(L1|B=8)—2y = T(0,0] 5 = ), (23)

or equivalently, if v < wfl(ﬁ); and (0,0) otherwise. Under the symmetric
regime, e°(B) = (1,1) constitutes an equilibrium under the symmetric regime

for v low enough such that

T(1,1]8) —~v>T(1,0]B). (24)

Denote by 711(f) the effort cost at which becomes binding. At the same

time, e”(B) = (0,0) is an equilibrium for v > ~40(B), where the latter makes

the constraint I'(1,0 | 8) — v < I'(0,0 | B) binding. As in Section , one can

show (see proof of Proposition @ that only symmetric equilibria exist provided

the managers face sufficiently similar PPS, with a sufficient condition being that
MH _ gMH

2—np
B 4 < . 25
MH ~2u+3 (25)

This condition is met if the divisions face sufficiently similar levels of volatility,
i.e., small (6% — 0%), and n is small. It rules out asymmetric project effort
equilibria under the symmetric regime and ensures e”(B) = (1,1) if v < y11(B),

and e*(B) = (0, 0) otherwise, even for optimally chosen PPS, i.e., at B = [SS

2TBecause we have assumed similar functional forms for all key constructs across the (mone-
tary and personally costly) input scenarios, the effort cost threshold equals v{;(8¢) = Be¢{,(Be),
with ¢ (8¢) as defined in . (As argued above, however, the optimal assignment of deci-
sion rights will differ from that for monetary inputs.) This reflects the fact that project effort
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118 -r1,0[8)—~v>0
L(1,1|8)—T(0,0[B8) -2y >0

(0,0) (0,1) (0,0) (0,1)
(a) Bundling: high-PPS manager (b) Symmetric form: Nash equilibrium (binding
chooses e4 and ep constraint is low-PPS manager)

Figure 7: Comparison of project effort incentives with exogenous PPS
Solid arrows indicate the binding constraints in order to elicit the project effort profile (1,1).

We turn now to the principal’s Date-1 contracting problem with noncon-
tractible, lumpy project efforts. Because at the benchmark PPS levels either
delegation regime would elicit suboptimal levels of project effort, any contract
adjustments will be geared toward stimulating investment. For the symmetric

regime, denote by jBs (7) the PPS level that makes binding for given effort

costs are incurred privately by the manager. In the benchmark solution, on the other hand,
v* = ¢*, as in Section [£:2] because ez ante the principal ultimately pays for all project input
costs, whether monetary in nature or effort disutility.

28In the proof of Proposition@we show that if (83— )/ < g;j_’g, only symmetric equilibria
exist under the symmetric regime. In equilibrium, Bi < ﬂj—i, and the relative PPS differential,
(B — B3)/B% is bounded from above by (BMH — gMH)/BMH — To see why, note that for
sufficiently low ~, both managers invest even at p° = B°(1,1); for sufficiently high ~, even
the principal prefers (0,0), and so RS = B°(0,0). Inducing (1,1) for intermediate values
of v requires strengthening incentives—first to the low-PPS “bottleneck” Manager A. This
results in convergence of the PPS for intermediate . Therefore, (35 — 55)/8% < (8%(0,0) —
8%(0,0))/8%(0,0) < (BMH — pAH)/BMH — Note that the sufficient condition to rule out
asymmetric equilibria for monetary investments in Section (e.g., in Lemma was an
upper bound on the absolute PPS differential, whereas bounds the relative differential.
This is again a consequence of the fact that input costs are scaled by the PPS for monetary
investments but not for project efforts.
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cost, and by 7° = ~1(B°(1,1)) the effort cost level up to which high project
efforts obtain without any adjustments required to the benchmark PPS. The op-
timal contract under the symmetric regime then is a straightforward adaptation

of that in Proposition

Proposition 6 (Symmetric regime, project efforts) Given Assumption
and e € {0,1}?, suppose holds. Under the symmetric regime, there exists a
unique v° € (¥°,7*), such that:

(Z) [f’y S (757’75]7 then 514 = BS(V) > /621(17 1) andﬁB - maX{BS(y), 5%(17 1>}
Both managers exert project effort, as would be the case under the bench-

mark solution.

(ii) If v € (75,7, then B; = B2(0,0) > B2(1,1), i = A, B. Neither manager

exerts project effort, whereas €* = (1,1) under the benchmark solution.

Under bundling, designating Manager B the investment center manager most
effectively stimulates project efforts, as his stable operating environment calls for
high-powered PPS to begin with. Given ¢ = B, denote by 53(7) the PPS that
makes binding for given effort cost, and by ¥% = vZ(B°(1,1)) the fixed
cost level up to which bundling would implement high efforts absent any PPS
adjustment, i.e., if fp = 6%(1,1). The optimal contract under bundling then is:

Proposition 7 (Bundling, project efforts) Given Assumption |1 and e €
{0,1}2, under bundling, Manager B (low operating volatility) is designated in-

vestment center manager, and there exists a unique 32 € (¥2,4*] such that:

(i) If v € (7%, 3P), then B = BP(7) > B3(1,1) and Ba = B5(1,1). Manager

B chooses (1,1), as would be the case under the benchmark solution.

(ii) If v € (B, ~*], then B; = 52(0,0) > B2(1,1), i = A, B. Manager B chooses

(0,0), whereas €* = (1,1) under the benchmark solution.
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Under either regime, any contract adjustments to stimulate project efforts
take the shape of strengthening the PPS for one or both of the managers. While
this is in contrast to monetary investments which called for muted PPS, the
feature that contract adjustments lead to PPS convergence under the symmetric
regime and to PPS divergence under bundling carries over.

The tradeoff faced by the principal at Date 0 is as follows: Bundling deci-
sion rights in the hands of the manager with a more stable environment takes
advantage of the standard moral hazard logic that higher PPS elicits greater
effort, both general as well as project-specific. On the other hand, the symmet-
ric regime better utilizes the strategic complementarity. We therefore arrive at

a regime comparison that is qualitatively similar to that for monetary inputs

(Proposition [4)):

Proposition 8 Given Assumption[]] and e € {0,1}?, suppose holds. For
given 0%, the principal prefers the symmetric regime to bundling if 0% € (0%, 0%+

9), for some 6 > 0.

In summary, while changing the nature of specific inputs flips the relation
between PPS and equilibrium input levels, the optimal allocation of decision
rights remains qualitatively unchanged except for the prediction which manager

will be designated investment center manager under bundling; see Figure 8.

6 Concluding Remarks

This paper derives new predictions for the optimal assignment of decision rights
across business unit managers in multidivisional firms that exhibit synergies.
With scalable project-specific inputs, it is always optimal for the principal to
bundle decision rights in the hands of one division manager—but which manager
it is, hinges on the nature of the input. If the project input is a monetary invest-
ment, e.g., PP&E, the manager facing the more volatile operations is designated

investment center manager; if the input is personally costly (project effort), it is
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Project inputs | Monetary investments | Personally-costly efforts

Scalable Bundling the decision rights in the | Bundling the decision rights in the
hands of the manager facing high | hands of the manager facing low
general volatility general volatility

Lumpy Symmetric allocation of decision rights across managers if they face

similar general volatilities

Figure 8: Optimal allocation of decision rights

the manager facing the more stable environment. In either case the underpro-
vision of specific inputs is alleviated due to the PPS differential attributable to
the respective volatility levels. With lumpy project inputs, on the other hand,
it is always optimal to split the decision rights symmetrically between the man-
agers, provided they face comparable levels of operating volatility. This holds
for monetary investments as well as personally-costly project efforts.

Moreover, the model sheds light on the effect of contractual incompleteness
on the managers’ relative incentive strength: bundling of decision rights results
in PPS divergence across divisions; the symmetric regime results in PPS con-
vergence. To test our predictions, it would be useful to adapt earlier empirical
studies on incentives and organizational processes, e.g., Nagar (2002), by distin-
guishing between the delegation of tasks that are personally costly to managers
and those that call for managers to invest the firm’s funds in joint projects.

It is useful to clarify the driving forces behind our main findings. Our results
for scalable monetary investments are driven by the investment-risk link—or,
more generally, input-risk link—in Baldenius and Michaeli (2017): investment
incentives are depressed by high-powered PPS because of the incremental risk
exposure. Decision rights therefore should be bundled in the hands of the man-
ager whose PPS is muted to insure him against his volatile environment. The

result that scalable project efforts should be bundled in the hands of the manager
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facing the more stable environment, on the other hand, is due to a more con-
ventional moral hazard argument: greater PPS elicits both general-purpose and
project-specific efforts in tandem. Finally, the result that a symmetric split of
decision rights elicits greater lumpy inputs is driven mainly by the model feature
that the party that chooses any action also has to bear its cost. In an incomplete
contracting setting where actions are not verifiable but decision rights are, this

seems the most plausible assumption.
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Appendix

Proof of Lemma [T} Given Assumption [I} it is straightforward to show that
02W (k, 92T (k|B;

ﬁ - 1_%(531"'5123) > 1-f>0and Wklg) = 0 (% - %@) x1-815 >
1-8>0, i=AB.

Proof of Lemma [2}

Part (a): For given PPS; the best response for Manager ¢ to an anticipated
investment k; by his counterpart, k;(k; | 5;), is found by setting the first-order
conditions corresponding to @[) equal to zero; upon rearranging:

(e + k) (5 — 46:)
1 )
f+88—3
Because k;(k; =0 | 8;) > 0, and %jki(kj | B;) < 1 for any k;, B,i and j # i, we

have a unique Nash equilibrium in investments for any PPS. (To bound the slope

of the reaction curves by one, we use the maintained assumption that f > 6.)
Solving for the equilibrium in closed form:
(2 — pnBi) : .
k2 (B) = ,1=AB, j#1.
(B) pn(Bi + B;) +4(f — 1)

The equilibrium investments are decreasing in either manager’s PPS:

dki(B) _ —ppn(pnB +4f =3) _dk7(B) _  —ppn(l—pnB)

dp; (on(Bi + 5;) +4(f —1))* ~ dp; (on(Bi + B;) +4(f — 1))

Part (b): We first show that k5 > k%. Recall that B° € argmaxg W (B),
A B B

where:

W(B) = W(B.K(B)
= DB + B [ME.KB)] ~ 5D B Var(k) — DT F(K(B).
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Taking derivative,

T — @l - Savarie(p)
dks ar (k*
+j:zA:B l% (E [My, (0,K5(B)] — gzl:ﬁf%,l;(w - F’<kf(l3))>]
= @(8) — B (1K (B))
S
+ EA:B [dkéﬁ(iﬁ) (q*(u, k°(B)) — % Xl:ﬁ?q*(u,ks(ﬁ)) - f’ff(ﬁ))]
= wi(p) (27)

The optimal PPS vector B satisfy the system of equations:

wi(B¥) =0, i=AB.
Note that w3 (B) differs from w%(B) only in 02, i = A, B. Because by assumption,
2

i

o4 > op, for 35 < 43 to hold, we only need to show that 37 is decreasing in o

Applying the Implicit Function Theorem to ([27)):

ow? (B)
o0B? 902 ow? (B)
= —o 5 X = —pB;i <0.
0o? ow? (B) 0o?
1 863 (A

Now note that k5 > k3 by and the fact that k¥ = k%(B%).

Next, we show that k} > k. Recall that under the benchmark case, the
principal contracts on k% = k3 = k*. We fix kg (the investment undertaken by
the manager facing less volatile general operations) at kg = k* and consider the
best response of Manager A, described by

1
ya(ka, k5) = ¢ (1, ka, k) <§ - % A) — fka=0.

Contrast that with the conditionally optimal choice of contractible investment

on the part of the principal (benchmark case):

yalka, k) = ¢ (11, ka, kp) (1 - '04—77 (87 (ka, k*B))2> — fka=0.

(2
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Now note that:

1
Yalka k) = yi(hakp) = " (b, K) (1—% <55<’€Av%>>2‘5+%@4>

(2

PN 0 *\\2
x 1= (Z(ﬁi (ka, kp)) —@1)

7

> 1—pn
0.

It follows that, even if Manager B invests the benchmark, Manager A will un-
derinvest. Similar arguments apply to Manager B’s best response if Manager
A were to choose his benchmark investment £%. Combined with strategic com-
plementarity (Lemma , both managers thus underinvest under the symmetric

regime.

Proof of Proposition [T} In Step 1, we show the bundling regime with £ = A
outperforms the symmetric regime; in Step 2, that it outperforms the bundling
regime with ¢/ = B.

Step 1. Fix the PPS at B = B° and consider the equilibrium under the
bundling regime with ¢ = A at this PPS level. Then, k2(B%) > k$(B%), for any
i, by 8% < % and strategic complementarity. For W5(B) = W(k®(B), ) and
WA B) = W(K'(B),B), it follows that WS(B5) < WA(BS), because: (i) W(-) is
concave in (ka, kp) for given B, and (ii) ?{:\;4 < kf, for any i, as per Lemma . By
revealed preference, W4(B%) < WA(EA) = W(EA(EA), /[gA).

Step 2. Note that ¢*(0,k) depends solely on the sum of the investments,
henceforth denoted n = ), a.p ki, and so does the conditionally optimal PPS
of Manager 7 in the benchmark solution. Therefore, slightly abusing notation,
we write ¢*(6,n) (instead of ¢*(0,k)) and ?(n) (instead 5?(k)).

Denote the optimal PPS for Manager B under the bundling regime with ¢ = B
by 32 = B, resulting in total units of equilibrium investment 7 = 3", AB kB(B).
The optimal PPS vector under the bundling regime with ¢ = B then is EB =
(85(m), B) where m = Y, kB(B). Note that B < £%(1). Now consider the
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bundling regime with ¢ = A and suppose the principal chooses a PPS vector of
B = (Ba = B, B = B%(M)), resulting again in total investment of Y kA(B) =n.
Because 0% > 0%, 8%(n) > 8%(n), but there are two possible cases regarding the
ranking of 4% (%) and 3.

Case 1: We claim that for %(7) > 39(n) > § bundling with £ = A dominates
bundling with £ = B. Denoting () = ai(8) — (a(8))* — £820% (6 |

m,02) = O;(5;) — 2182(q* (11, M) and W4(B) = W (k' (B,), B), we have:

] Mi

WA®B, B(m) - WE(B(R), B) = x(B|7,0%) + x(B3(R) | 7, 03)
—x(85() | 7,0%) = x(B | 7, 0%)
> X(B|7,0%) + x(B5(7) | 7,0%)
—x(B5() | 7,0%) = x(B | 7, 0%)
= 50 (05— %) + S(3m) (0 — oB)
< (85m)* - B

> 0,

because 37(n) € argmaxg; x(0; | n,af-), j = A, B and B%(n) > p4(n) > 5. By
revealed preference, WA(EA) > WA(B, Bg(m)), ie., the bundling regime with
¢ = A outperforms the bundling regime with ¢ = B.

Case 2: We claim that for 8%(m) > 8 > $%(%) the symmetric regime domi-
nates bundling with ¢ = B. Again, fix = EB = (B4(m), B) at the level optimal
under the bundling regime with ¢ = B. If the principal were to choose this PPS
vector under the symmetric regime, the managers’ investment reaction functions

would be:

ki(ka | Bp=B) = kb(ka|Bs=0),
kK(kp | Ba = 85M) > Ki(ks| Bs =B).

By strategic complementarity, k°(5%(n), ) > kZ. Recall that W (-) is concave

in (ka, kp) for given 3. Hence, WS(EB) > WB(EB) because kB < kS < k¥, i =
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A, B (by the observation above, Lemma and Lemmal3)). By revealed preference,

We(p%) > w* (EB), which together with Step 1 above establishes the result.

Proof of Lemma (4 Using and (16), if ¢11(B) —Poo(B) < 0, the investment
profile (1,0) can be a Nash equilibrium for any ¢ € (¢11(B), poo(B)). Otherwise,

lf ¢11(ﬁ) — ¢00(B) Z 0, then fOI' any ¢ & (¢00(B), ¢11(B)), bOth (17 1) and (0,0)

can be equilibria simultaneously. We note that:

F(Ll |B):F(1’O|B) B F(170|é)_r(070|§)

$11(B) — ¢oo(B) =

B g
_ El(gr(0,1,1))* — (¢7(6,1,0))!] pig (@ (w1, 1) = (¢" (4, 1,0))?
4 2 4
E[(q*(ea 17 0))2 — (q* (97 07 0))2] PN (q* (/“L7 17 O))2 — (q*<lu’7 07 0)>2

a 4 Y 4
= 3 (BlO+ 22— 0417~ ZB(+ 27~ (u+ 1))

—2 (Bl + 17 = %+ Bl (et 12 - )

_ fll|:(2,u-|-3) <1—@> —(2u+1)< —%H

/

W

=X(B)

Because 5 € [0, 1], a sufficient condition for X () > 0 is that B—é < i (% + %)

Note that if X(B) > 0, then for any ¢ € (¢oo(B), 11(B)), both (1,1) and
(0,0) can be Nash equilibria simultaneously. To predict which of these equilibria
the managers will play, we invoke Theorem 7 in Milgrom and Roberts (1990): if
multiple equilibria exist in a supermodular game (such as the managers’ Date-2
investment game) with positive spillovers (i.e., player ¢’s payoff is increasing in
player j’s action), then the highest equilibrium—here, (1, 1)—Pareto-dominates
the other equilibria. That is, for ¢ € (¢o0(B), ¢11(B)) we can ignore the shirking

equilibrium.

Proof of Lemma |5 We need to show that ¢*(B) — ¢11(B) > 0 and ¢*(B) —
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¢t 1(B¢) > 0 for any given PPS profile, B = (8, 8). Simplifying,

¢(B) = 5 Z [ 9’1’1)] —gﬁf‘Var(l,l)— (w_g@z.vm(o,m)]
_ [(q*(&l,l)) - (¢*(6,0,0))°] /)_277@2 +32)((J*(M,1,1))2 - (¢*(n,0,0))*
_ BI(O+2)? =60 pn, o2 (n+2)° =4
- 1 B - —

= (+)) (1-F@+F).

Similarly,
b = R = fn (1-519),
@ - IO 1|ﬁ)2—51“(0,0|5) _ %( +1) (1 _ @5> :
o) — DL1B) % r(0,18) _ % <M N ;) (1- 02_”3) .

Now note that ¢f,(8) > ¢{;(3) and so

o'(B) =~ 0L(B) > '(B)— ¢u(8)
- <u+1>(1—@<62+32>)—<u+1>(%—’1—”@)
= S+ (1-2g 4B - )
x 1——(52 6(1—6))
> 1—36

> 0.
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Lastly,

B -ou®) = e+ ) (1= 7)) - (wr143) (5-55)

1 o1 22 L7l pn
st (1- 5187 -0) 5 (5-57)
1 =2\ 1 (1 pn—
z 5(1—75)—5(5—25)
L pnz\ 1/1 pns
(5‘1@‘5(5‘1@
> 0.

Proof of Lemma [6} We need to show that ¢1}(B) < ¢11(B). Using the proof
of Lemma 5]

G =500 (1-58)  md ou@®) =g (ut3) (1-59)

so that

ou(B) = 0B) = 5 (w3 ) ~ gt 05 (55 (w+3) - 550+ D)

o 2
=y
Note that
X(B)-Y = 2=l (2u@B-8)+38-8) -1+ L (2u(B- 8 +35-28))
_ 1_%@

where Y is defined above and X () is defined in Lemma 5] It is straightforward
that X(B) — Y € (0,1). It follows that a sufficient condition for Y > 0 is
X(B) > 1. Lastly, note that a sufficient condition for X(B) > 1 is that § — § <

1 (3 1
(3 )
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Proof of Lemma [7} Recall that the principal’s payoff under the benchmark
case can be conveniently presented as W*(k) = W(B°(k), k), where B°(k) is
as defined in (because for given k, the optimal PPS is B°(k)). Note that
%W*(l, 1) =-2; a%W*(l,O) = —1; and %W*(0,0) = 0. Further, by Assump-
tion (1} limg o W*(1,1) > limy_,o W*(1,0) > lim,_,o W*(0,0). Hence, for suffi-
ciently low ¢, the optimal solution is k* = (1,1) and " = B°(1,1). Moreover,
limg oo WH(1,1) < limy oo W*(1,0) < limy 000 W*(0,0). Hence, for sufficiently
high ¢, the optimal solution is k* = (0,0) and B* = B°(0,0).

It remains to consider the solution for intermediate values of ¢. To show that

it is never optimal for the principal to contract on k = (1,0) and B = B°(1,0)

we need to show that ¢9_1 > ¢do_,o, where

w*(1,1) — W*(0,0
b =WHLY) - W(LO)  and gy = NGO

Note that

¢2%1 - ¢2a0 X 2<W*(17 1) - W*(LO)) - (W*(la 1) - W*(an))
= Wr(1,1) - W*(1,0) — (W*(1,0) — W*(0,0))

> 0,

because W*(1,1) — W*(1,0) > W*(1,0) — W*(0,0). To see why, treat for a
moment k as continuous variable and note that W*(k) has strictly increasing
differences in k. Specifically, using the Envelope Theorem,

IVE_ W B M, 0,10) - 23 (o) 2V er k)

_ — F'(k
dks  ka 8 & Ok (ka)

= 4wk (1—% | (ﬁf(k))2) ~ fha.
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Taking cross-partial derivative,

dC]iAVCIi/;B - qu(:uqk) (1 - (50( )) ) B q M’ pn Z (60 85:{33 )> ‘

_ PN /077 o(

= 1- I Z 32(k))3pvVar(k)
> 1- o

- 2

> 0.

In summary, the contractible benchmark solution is:

((1,1),B°(1,1)), if ¢ <¢"=0"(B°(1,1)),
((0,0),B°(0,0)), otherwise.

(k" B7) =

Proof of Proposition [2: In order to elicit the investments (Program P3),
the principal optimally sets g = BS(@ and 4 = min{BS(@,Bg(l, 1)}, where
Bs (¢) is such that the investment constraint is just binding. Under the
no-investment program Py, 3; = 32(0,0) for each manager i = A, B.

Denote by K* the value of program P* and by K the value of program Py,
k = (0,0), (1,1). For any ¢ € (¢%, ¢*]:

K*(¢) = W(B°(1,1),k=(1,1)] ¢),
K3(¢) = W(min{3%¢), B(L, 1)}, 5°(¢), k = (1,1) | ¢),
K5 = W(B°(0,0),k = (0,0)).

Begin by considering fixed cost values ¢ = 55 +v for v — 0. Then, K7, (¢) =
K*(¢) — 0, § — 0, because BS (¢) is a continuous and decreasing function of ¢
and W(min{és(gb),ﬁj(l, 1)},B(¢),k = (1,1) | ¢) is continuous and decreasing
in ¢ and increasing in 34. That is, the value of program Py} converges to that
of the benchmark program P* as § becomes small. At the same time, K3, is
bounded away from K*(¢) for ¢ close to ¢°. This holds because, by Lemma
, % < ¢*, together with the observations that at ¢* we have K5, = K*(¢)
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and that K*(¢) is monotonically decreasing in ¢. Thus, we have shown that for
61 65, K5.(9) > K, whereas for ¢ 1 6%, K5(0) < K&,
Lastly, since K7(¢) is monotonically decreasing in ¢ whereas K3, is inde-

pendent of ¢, it follows that there exists a unique indifference value ¢° at which

K71 (¢%) = Ky

Proof of Proposition The proof follows similar steps as that of Proposition

and is available upon request.

Proof of Proposition We need to show that, given 0% sufficiently close
to 0%, the principal’s payoff under the symmetric regime is (weakly) larger than
under bundling with £ = A, i.e., W(kS, 85 | ¢) > W(kA,B" | ¢) for any o.

We first show that EA < q_bS if 02 is sufficiently close to 0%. Using the proof
of Lemma [0}

55" = (w0 Ean-man e (- Pan)).

Fix 02, and note that 22 Oj ) — s(p+ 1)%251“(1 L < 0. Further, limge _,q2 (as —
EA) = 1(1—28%(1,1)) > 0. Hence, for given o, there exists a threshold
54 > 0 such that, if 6% — 0% < d4, then ES > EA. Depending on the parameters,
the threshold §4 may be finite or infinite; in the latter case g_bs > q_bA for any
o4 > 0.

For any ¢ € [g_bA, ES] the principal’s payoff under bundling with ¢ = A is lower
than under the symmetric regime, because under bundling she needs to reduce
the investing manager’s PPS to induce (1,1), whereas under symmetric regime
the same investments are induced with the benchmark PPS.

Next, we again fix 0% and show that oA < ¢S for 0% sufficiently close to 0%.
Suppose not. Then, at 5’4 it must be that the payoff of the principal when she
induces investment under the symmetric regime is smaller than her payoff when

she foregoes investment, or,

W((1,1), (8™, 5%(6%)) | 6*) < W((0,0), B°(0,0)), (28)
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where ™ = min{ﬁg(l,l),ﬁs(aﬁ’“)}. For the principal to induce (1,1) at ot
under bundling she needs to contract on (34(¢%), %(0,0)), whereas under the
symmetric regime she needs to contract on (3™, Bs (QEA)) As we will show below,
the principal’s expected payoff when she induces investment under the symmetric

regime is larger than her payoff when she induces investment under bundling with

(=A e,

W((1,1), (8™, B5(6™) | o) > W((1,1), (F4(d™), B(1,1)) | 4),  (29)

if 0% sufficiently close to 0%. This contradicts , because by definition of aA, it
has to be that W((1,1), (BA(4), 8%(1,1)) | ) = W((0,0), B°(0,0)). It follows
that ¢4 < ¢5.

We now verify that holds. Substituting the optimal general effort choice,
a;(3;) = 2, and the effort-related payoff, ®(8;) = a(8;) — 2(a(3;))? — 25202, into

and rearranging, gives:

= B |1 - (224 3+ Bvary) (7 + 543

HEE - s3] 1 - (24 0+ Lvar ) (F@ + 0. 1)] 2 0
(30

Next, we note that:
g™ = FA@Y) and B%(6") < B3(L1) (31)

because: (i) A" = min{B5(1, 1), 5%(§")} by definition; (ii) 5°(¢") > 5(") by
strategic complementarity; and (iii) 5%(1,1) > BA(&S\A) because QAﬁA > EA. Hence,
holds if the following inequalities hold simultaneously:

(-2 p ey e @) < 0 @
LB ey @m0 < 0 6
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We note that and are proportional to

1 2 1
G (g rEvenn) <0 6y
1 o2 1 P
v(F5(94) + By (1,1) _< 2B+%+§V“<1a1>) < 0. (3

Summing and yields
_ Py 2 2 1 1 1
Q(Ui,aé):—(aA—aB)——< ——— — —— )SO. (36)
2 VBT A+ BN B4 + B5(1,1)
A sufficient condition for to hold is that holds. Using and the fact
that lim,2 .2 55(1,1) = Bg(1,1), we have

lim Q(0%,0%) o — (BS(&;A) + B3(1, 1)) + (Bm + BA(gAD

< 2(8" = Bp(L,1))
= 2(™ - pa(1,1))
< 0.

By continuity, it follows that holds if 0% € (0%,0% + 0p), 05 > 0.

For any ¢ € [(EA, ¢°] it follows by revealed preference that the principal’s
payoff under the symmetric regime is higher than her respective payoff under
bundling. For any ¢ > ¢°, under both regimes, the principal finds it too costly
to induce (1, 1) and instead acquiesces to (0,0) by contracting on the benchmark
PPS, B°(0,0). Hence, for ¢ > ¢° the principal’s payoff is equal under both
regimes. We cannot rank unambiguously ¢ and ¢4. If ¢4 < ¢, no further
proof is required. However, if (EA > ¢°, we need to show that W((1,1), [§|¢) >
W((1,1), 6Al¢) for any ¢ € [¢”, $A]. The proof of this inequality follows similar
steps as the derivation of and is hence omitted. Lastly, let 6 = min{d4,dp}.

Proof of Lemma [8
Part (a): Given Assumption , it is straightforward to show that G;dee’s)
21 (e|B;
1— 213+ 53) > 1—2 > 0and L0 — g, (1 —e08) oc1— 228, > 12 >
0, i=A,B.
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Part (b): Usingn < %, by Assumption , and taking cross-partial derivatives:

?Ai(e | B:) I on
- 7 = | = — L. 1—=—3 >
8@A863 51 (2 4 Z> R 2 v = 0’

9%Ai(e | 8;) q*(n.e)  pn
— — B g — >
9e. 05, 5 5 Bid (1, e) oc 1 —pnp; >0,
0*Al(e | B) 1 pn pn
i = 5 (=-F8)x1-Elp >
De0es 51(2 4 > xl=%020,

PAel|8) e
7 7 — I P« - > _ - |
0€,,00; 9 5 Pid (n,€) x1—pnp; >0, m=AB,i=AB

Part (c): Using n < /l), by Assumption :

OW(e,p) Ohi(e] B) L B e
Oe; de; = q"(n.e) (1_5_Z(Bi+ﬁi_ i)
Bi P2 o 1
< 1= =SB =B 25 -5 20,
oW (e,B)  OA! . |
B OB e (1- - Bl - 0)) 20, i=AB.

Part (d): For given PPS, the best response for Manager ¢ to an anticipated ef-
fort e; by his counterpart, e;(e; | 5;), is found by setting the first-order conditions

equal to zero:

ole|s) (¢ (we) pm, , o
6€i ge; _ﬂz 9 4 ﬁzq (,u;e) ge; —0, Z—A,B.

Upon rearranging;:

(e + 1) (3 — 45)
1 )
,g% + 8B — 3

ei(ej ‘61) i:AaBa ]#Z

Because e;(e; = 0| ;) > 0, and %ei(ej | ;) < 1 for any e;,B,i and j # 4,
we have a unique Nash equilibrium in investments for any PPS. (To bound the
slope of the reaction curves by one, we use the fact that g > 6.) Solving for the
equilibrium in closed form:

)

3B+ B;)

20

Bip (3 —

b
o+ E (31 F) Z 7

e; (B)

| [=R



The equilibrium efforts are increasing in either manager’s PPS:

9e (B) 20(1 — npB;)(4g +npB} — 25;) np b2 B 1
— + gLy
A P B ) L A R T i
O} (B) _  2Bip(2— Binp)(1 — Bip) 5 B — Bl > (2 — 11— 1) — 0
95, (10 (5 + ) — 206, + 5,29))° o (2= Bmp)(1 = Bmp) = (2-1)(1 - 1) = 0.
Under bundling, for given PPS, the first-order conditions yield:
dl'(e | Be)

¢(p.e) pn, . ,
(961' ge; 55 < 9 4 Bﬁq (Hae)) ge; 07 7 )

Solving and rearranging:

1 ne
~ w(s—"28) o
€z</8£) == —7 /l/ - A’ B7 ] % /I/'
5+ 26 -1

4
It is immediate that 2222 =g and, using n < ,l), by Assumption ,

dBjze
BB 2ap-Bmp)
s~ (BuBep—2) + 29 1= Benp 2 0.

Proof of Proposition [5¢ The proof follows similar steps as that of Proposition

and is available upon request.

Proof of Proposition [6; We begin by deriving a sufficient condition to rule
out asymmetric project effort equilibria under the symmetric regime. Recall
that e¥(B) = (1,1) is an equilibrium for v < ~;;(B), whereas e(B) = (0,0)
is an equilibrium for v > v00(B). If 711(B) — y00(B) < 0, then e°(B) = (1,0)
can be a Nash equilibrium for any v € (v11(B),Y0(B)). On the other hand, if
Y11(B) —Y00(B) = 0, then for any v € (v00(B),711(B)), both (1,1) and (0,0) can

o1



be equilibria simultaneously.

711(6) - 700(6) = F(L 1 ’ é) - F(LO ‘ é) - (F(lao ’ B) - F(O7O ’ B))
_ 3 (E[(Q*(& 1,1))? = (¢"(6,1,0))%] @B(q*(u, 1,1))* — (" (u, 1,0))2>
— 4 2 — 4
. (E[(q*(ea 170))2 — (q*(ea 0?0))2] . ﬁﬁ(q*(/% 170))2 — (q*(ILL,O,O))Q)
4 2 4

- sy (1-28) B (1-22)]

o< B(2u+3) (1—@> — B2u+1) (1—@)

2 2
> §(2u+3)—3(2u+3)+23(1—%)
> 0,
if S
b _2—np
B §2u+3' (87)

Suppose holds. For any v € (7v00(B),711(B)), to predict which of the sym-
metric equilibria, (1, 1) or (0,0), the managers will play, we invoke Theorem 7 in
Milgrom and Roberts (1990): if multiple equilibria exist in a supermodular game
(such as the managers’ Date-2 effort game) with positive spillovers (i.e., player
i’s payoff is increasing in player j’s action), then the highest equilibrium—here,
(1, 1)—Pareto-dominates the other equilibria. That is, for v € (Y00(B), 111 (B))
we can ignore the shirking equilibrium. Now note that the left-hand side of
in the optimal solution under the symmetric regime is bounded from above by
(BN — gAY/ BMH  therefore a sufficient condition for asymmetric equilibria not
to arise in equilibrium is Condition (25, which will hold for sufficiently small
volatility differential, 0% — 0%, and small 7.

Assuming holds, under the symmetric regime the principal will choose

the optimization program with the greater value from among the following:
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Py (Induce effort under symmetric regime): For any v € (7, v*],
méix W(B|e=(1,1)),
subject to and [3; > Bs(v), for any 7.

Py, (Forestall effort under symmetric regime): For any v € (7, %],

max W(B | e = (0,0),

subject to and f3; < 55(7), for any .

The remainder of the proof follows similar steps as the proof of Proposition

and is available upon request.

Proof of Proposition [7; The proof follows similar steps to those in the proof

of Proposition [2| and is available upon request.

Proof of Proposition [8; The proof follows similar steps as that of Proposition

M] and is available upon request.
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