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Abstract

Integrated ownership and managerial incentives with endogenous
project risk

Integrated ownership is often seen as a way to foster specific investments. How-
ever, even in integrated firms, managers invest to maximize their compensation, which
is chiefly driven by divisional income. Thus it is not clear that integration has any
effect on investments in a world of decentralized decision-making. Building on recent
findings that efficiency-enhancing investments raise not only the expected value of a
project but also its variance, we show that, under plausible conditions, integration calls
for low-powered incentive contracts: the managers invest more as they are less exposed
to the investment-related (endogenous) risk, and the principal of an integrated firm has
more to gain from greater investment. On the other hand, integration may result in
higher-powered incentives if the project is inherently very risky or if the project-specific
input is personally costly to the managers (rather than a monetary investment). The
qualitative takeaway remains, however, that the contract adjustments under integra-
tion mitigate any input distortions present under non-integration. We also allow for
firmwide performance evaluation under integration and show that it may lead to larger
input distortions, but those are outweighed by improved risk sharing.

Keywords: firm ownership, vertical integration, pay-performance sensitivity, invest-
ments, risk, firmwide performance evaluation
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1 Introduction

This paper revisits the classic question of how specific investments are affected

by (vertical) integration. Departing from the owner-manager paradigm common-

place in the earlier property-rights and transaction cost economics literature, we

take our cue from practice and model investment decisions that are delegated

to business unit managers. With managers responding to incentive contracts

that are based largely on divisional performance, for ownership to affect invest-

ments, then it must be through differential incentive contracts (Holmstrom 1999).

There is nothing in the literature, however, to suggest that incentive contracts

should vary systematically with ownership—yet the folk wisdom prevails that

integration should be accompanied by low-powered incentives and greater spe-

cific investments (Williamson 1985).1 We develop a model to show that muted

pay-performance sensitivity (PPS) may indeed be optimal in integrated firms

because it fosters specific investments.

In the model, two business units collaborate on a joint project, on top of

their stand-alone operations. Under non-integration, each unit is owned by a

principal, who designs the contract for that unit’s manager. Under integration,

both managers’ contracts are designed by a single principal, who is the residual

claimant for the total surplus. One manager undertakes a specific investment to

enhance the value of the project. Investment suffers from hold-up, as contracts

are incomplete and the project proceeds will be split between the managers. We

study the equilibrium incentive contracts under these ownership structures and

how these contracts will translate into outcomes.

Under plausible conditions, the principal of the integrated firm will offer both

managers lower-powered incentives; this in turn alleviates underinvestment. The

reason is that efficiency-enhancing investment increases not only the expected

value of the project but also its variance; Baldenius and Michaeli (2017) label

this the investment-risk link. High-powered incentives expose (risk-averse) man-

1 See also Forbes and Lederman (2009, p.1836).
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agers more to this incremental risk, so the PPS trades off general purpose effort

against specific investment incentives. The principal of an integrated firm has

more to gain from stimulating investments while incurring the same opportu-

nity cost (foregone general purpose effort), as compared with a principal of a

non-integrated firm. More generally, while decentralization combined with lo-

cal performance measures rules out a direct effect of ownership on investments,

the investment-risk link establishes an indirect effect—with fine-tuned PPS and

endogenous project risk as the transmission channel.

The investment-risk link arises, quite generally, because the project efficiency

at the margin is determined by the specific investment and a subsequent non-

verifiable state realization. For instance, in the canonical supply-chain setting

with two units trading a widget,2 investing upfront in fixed assets to reduce vari-

able costs raises the trading quantity, for any possible state. But because the

state realization affects the value of each unit traded (a basic tenet in the incom-

plete contracting literature), such trade expansion scales up the surplus variance,

ex ante. Anticipating ex-post surplus splitting, the investing manager transfers

a share of the additional risk to the other manager. All else equal, this risk

transfer pushes towards over investment—and hence constitutes a countervailing

externality to the well-known hold-up problem.

If the joint project is inherently very uncertain, the risk transfer may even

dominate the hold-up problem, flipping the above line of reasoning: integra-

tion then calls for greater PPS to alleviate the manager’s over investment incen-

tive. We also consider value-enhancing (personally costly) project efforts. While

project efforts, much like monetary investments, increase the project risk, the

incremental risk premium now merely dampens the incentive effect of the PPS

without overturning it: the PPS elicits both general and project efforts in tan-

dem. Yet even with project efforts, for high inherent project uncertainty, the risk

transfer may outweigh the fact that the manager has to share the project pro-

2 Edlin and Reichelstein (1995), Che and Hausch (1999), Arya and Mittendorf (2010).
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ceeds both horizontally with the other manager (hold-up) and vertically with the

principal (the PPS is less than one), resulting in excessive levels of project effort.

The principal of the integrated firm reacts by muting the incentive contracts.

While we confine attention for the most part to divisional performance evalu-

ation,3 we also sketch the consequences of firmwide performance evaluation under

integration. The investment-risk link again upsets conventional wisdom, because

we find the following. (a) Decentralized investment can be decreasing (locally)

in the manager’s incentive weight on other-division profit. (b) “Pure” joint per-

formance evaluation—that is, assigning the same incentive weight on own- and

other-division profit—fails to induce efficient investment. (c) In settings where

underinvestment is the pressing concern, introducing firmwide performance eval-

uation may actually reduce equilibrium investments below even the level under

non-integration, as risk sharing considerations may call for relative performance

evaluation: a manager who assigns negative weight to the other division’s profit

is particularly reluctant to invest in a joint project.4

Our results demonstrate the importance for empirical work to control for

(a) the nature of relationship-specific inputs—monetary versus personally costly

project investments (e.g., traditional versus knowledge industries)—and (b) the

inherent uncertainty associated with synergies across business units (e.g., mature

versus startup firms). On that, it is useful to contrast our predictions with those

of Holmstrom and Tirole (1991). Because their model sidesteps the investment-

risk link, it predicts under-provision of specific inputs—unambiguously. More-

over, for monetary investments, integration in their model has no effect on the

PPS, specific investments, or welfare. Our model predicts welfare improvements

3 While the compensation weight on firmwide metrics in divisionalized firms is indeed
increasing in the extent of intrafirm externalities, the lion’s share of compensation weight
for business unit managers is still tied to their own divisions’ performance; see Bushman
et al. (1995), Keating (1997), Abernethy et al. (2004), Bouwens and van Lent (2007), and
Bouwens et al. (2018). Recent analytical papers dealing with PPS in agency settings are
Heinle et al. (2012), Friedman (2014), Fan and Johnson (2016), and Feltham et al. (2016).

4 See also Anctil and Dutta (1999). Krapp et al. (2015) study firmwide performance
evaluation for centralized and decentralized quantity choices in a transfer pricing setting.
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through effects on the PPS—and investments that vary systematically with the

inherent project uncertainty. Our predictions are aligned with those of Holm-

strom and Tirole (1991) only for the case of personally costly project efforts and

“mild” project uncertainty: integration then improves welfare through higher-

powered PPS. In all other cases, accounting for the risk effects of project inputs

qualitatively alters the predictions.5

As this paper shows, even in a world of decentralization and divisional per-

formance evaluation, integration results in more efficient investments, by way

of suitable adjustments to the PPS, using the investment-risk link. Project

risk, which is often seen as an exogenous driver of the integration decision,

thus becomes endogenous: it commingles any inherent (exogenous) project un-

certainty with specific investments, which in equilibrium are determined by the

PPS. Specifically, for the plausible case of moderate inherent project uncertainty,

our model predicts that, in equilibrium, the overall surplus of an integrated firm

would be more volatile than that generated by two non-integrated firms together,

even if empirically one could perfectly control for the primitives of the underlying

transaction, that is, even if the inherent project uncertainty was held constant.

The related literature is vast. Klein et al. (1978) and Williamson (1975,1985)

propose integration as a solution to the hold-up problem; Williamson cites muted

PPS as a countervailing cost.6 Holmstrom (1999) and Whinston (2003) argue

that ownership does not determine actions directly; instead (as in our model) it

does so indirectly by conferring contracting rights.7 Arya and Mittendorf (2013)

study integration in a supply chain setting with downstream competition and

5 The investment-risk link also affects the PPS predictions for managers without upfront
specific investment/effort opportunities (who only participate in ex-post project implementa-
tion): Holmstrom and Tirole (1991) predict no PPS effect of integration; in contrast, our results
show that their PPS will be adjusted to the anticipated equilibrium project investment/effort
level and are inversely associated with the latter.

6 See Bresnahan and Levin (2010). Grossman and Hart (1986) point out the opportunity
costs of integration. Edlin and Reichelstein (1995), Che and Hausch (1999), and others ask
whether hold-up problems can be overcome by generalizing the contract or bargaining space.

7 Whinston (2003, p.4): “Integrated asset ownership changes incentives, but does not result
in coordinated investments.”
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centralized decision-making. Holmstrom and Tirole (1991) and Anctil and Dutta

(1999) also embed hold-up in a contracting framework, but, unlike us, they ignore

the risk effects of specific investments and argue that pure joint performance

evaluation would resolve all investment distortions.8 The investment-risk link is

formally developed by Baldenius and Michaeli (2017), in a model, however, that

is silent on the issue of firm ownership, considers only monetary investments,

and abstracts from firmwide performance evaluation.9

The investment-risk link throws new light on the ownership-incentives-investment

puzzle: rather than constitute an unavoidable cost of integration—Williamson’s

(1985) “selective intervention” issue10—muted PPS may in fact be the very mech-

anism through which integration alleviates underinvestment in a world of del-

egated decision-making. However, note that the present paper is silent on the

limits of firm size—in our setting, integration is always (weakly) preferred by

revealed preference, as it is in much of the earlier literature. An exception is

Friebel and Raith (2010), who show that bureaucratic costs that arise from re-

source allocation problems may limit firm size.

The paper proceeds as follows. Section 2 describes the contracting model:

both the benchmark setting, in which investments are contractible, and the

main setting, in which they are not. Section 3 compares the equilibrium PPS

and investments between integrated and non-integrated firms. Section 4 consid-

8 Holmstrom and Tirole (1991) discuss verbally that allowing for compensation of Manager
i to depend on the profit of Division j would improve, but in equilibrium not fully eliminate,
the hold-up problem. This is formally proved by Anctil and Dutta (1999), who derive op-
timal compensation weights on own- and other-division performance, trading off investment
incentives and risk sharing.

9 Hart and Holmstrom (2010) and Casas Arce et al. (2017) address the ex-post adaptation
aspects of integration. Baldenius (2006) derives an alternative rationale for low-powered PPS
under integration: if intrafirm trade takes place under asymmetric information, muted PPS
induces managers to bid less “aggressively,” which improves ex-ante investment incentives.

10 Williamson (1985) argues that the owner of an integrated firm has incentives to manip-
ulate performance metrics to withhold compensation from managers. A conceptual problem
with the selective intervention argument is that it is orthogonal to the investment story—in
the words of Bresnahan and Levin (2012, p.856, emphasis added): “These [hold-up] stories
provide a motive for vertical integration [...]. Williamson (1975, 1985) suggests a related but
distinct set of inefficiencies inside organizations. These include low-powered incentives...”
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ers personally costly project efforts. Section 5 discusses our main findings and

underlying assumptions. Section 6 concludes.

2 Model

2.1 Setting

We model two business units, each run by a division manager. Each manager

exerts costly (general purpose) effort under moral hazard. In addition, the man-

agers collaborate on a joint project that benefits from an upfront relationship-

specific investment undertaken by one of them. Our goal is to contrast two

distinct forms of ownership: under non-integration (“NI ”), each business unit

is owned by a principal who contracts with her business unit manager; under

integrated ownership (“M-form”),11 one principal owns both business units and

contracts with both managers (Figure 1). Irrespective of the regime and of the

specific investment undertaken, both business units are essential at the project

implementation stage and split the project proceeds. (We will motivate the model

assumptions in detail below.) Because managers act in their own self-interest, in

our setting, ownership affects the equilibrium effort and investment choices only

through the contracts they will be given by their respective principal(s).

We index the managers and the business units/divisions by i ∈ {1, 2}.12

Manager 1 can make a relationship-specific investment of k1 ∈ R+ in the joint

project at fixed cost F (k1) = f
2
k2

1. For given project scale q ∈ R+ and state

realization θ ∈ R+, the project generates contribution margin M(q, θ, k1) =

(θ + k1)q − q2

2
.13 After jointly observing the realization of θ, the managers agree

11 Williamson (1975), Holmstrom and Tirole (1991).
12 The basic technology follows closely that of Baldenius and Michaeli (2017).
13 For a more general formulation of M(·), see Appendix B. We focus on unilateral specific

investments (or later project efforts). Our results (except in Section 3.2) are qualitatively ro-
bust to allowing both managers to invest. The project surplus function M(·) can be derived
from a linear-quadratic formulation of the canonical supply chain example, where an upstream
business unit makes q units of some product at variable cost C, which are sold by a downstream
unit at revenues R. Let C(q, θ1, k1) = (c−θ1−k1)q and R(q, θ2) =

(
r + θ2 − q

2

)
q, for indepen-

dent shocks (θ1, θ2). The surplus M(q, θ, k1) ≡ R(·)−C(·) then collapses to the term above, if
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Principal 1

Business Unit 1

a1 k1

Stand-alone 
operations1

Principal 2

Business Unit 2

a2

Stand-alone 
operations2

Joint project

Principal

Business Unit 1

a1 k1

Stand-alone 
operations1

Business Unit 2

a2

Stand-alone 
operations2

Joint project

Fig.1a: Non-integration (NI) Fig.1b: Multidivisional firm (M-form)

Figure 1: Alternative Ownership Structures

on the conditionally efficient project scale, q∗(θ, k1) = θ + k1, which maximizes

M(q, θ, k1), yielding project proceeds of

M(θ, k1) ≡M(q∗(θ, k1), θ, k1) =
(θ + k1)2

2
.

With equal probability, the state variable θ̃ takes values (µ−
√
S) or (µ+

√
S);

hence E[θ̃] ≡ µ and V ar[θ̃] ≡ S > 0, where
√
S < µ. (See footnote 16 for more

general distributions.) The efficient investment in a hypothetical risk-free world

(where S → 0) is denoted by krf1 ∈ arg maxk1 M(µ, k1)− f
2
k2

1, so that krf1 = µ
f−1

.

Unrelated to the joint project, each Manager i exerts unobservable general

effort, ai ∈ R+, with marginal return normalized to one, at personal disutility

vi
2
a2
i , vi > 0. We assume the project surplus M(·) is not by itself contractible

(only aggregate divisional profit is) and instead is split between the managers

(equally). Division i’s income then is πi = ai+ ε̃i+
M(θ,k1)

2
−1i=1F (k1), where ε̃i is

a random term with E[ε̃i] = 0 and V ar[ε̃i] = σ2
i . All noise terms are independent.

We refer to σ2
i as Division i’s general uncertainty and to S as the (joint) project

uncertainty. We assume throughout the paper that the effort cost parameter v

is sufficiently low and the fixed investment cost parameter f sufficiently high to

we normalize
∑
i θi = θ and r = c (with r sufficiently high). Because of equal surplus-splitting

at the project implementation date, the investment k1 could equivalently be cooperative in
nature (Che and Hausch 1999), that is, raising downstream revenues R(q, θ2, k1), while leaving
upstream relevant costs, C(q, θ1), unchanged.
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ensure all optimization problems are well-behaved.14

For now assume compensation contracts are linear in the respective unit’s

profit, si(πi) = αi + βiπi, where β ≡ (β1, β2) ∈ [0, 1]2 is the pay-performance

sensitivity (PPS).15 In Section 3.2, we allow for firmwide performance evaluation.

The managers are risk-averse with mean-variance preferences, EUi = E[si(·)] −
ρ
2
V ar(si(·)) − v

2
a2
i , where ρ denotes the managers’ (common) coefficient of risk

aversion. The managers are ex-ante identical but may face different levels of

general uncertainty, that is, σ1 6= σ2. Their objectives can be restated as:

EUi = αi+βi

(
ai +

E[M(θ, k1)]

2
− 1i=1F (k1)

)
− ρ

2
β2
i

(
σ2
i +

ϕ(k1)

4

)
− v

2
a2
i , (1)

where ϕ(k1) ≡ V ar(M(θ, k1)), to reduce clutter. Surplus splitting effectively

shares the project risk, hence the term ϕ(k1)/4. To ensure contract participation,

EUi ≥ 0, must hold, i = 1, 2. The fixed wages αi will be set so that the managers

earn zero rents ex ante.

Manager i’s choice of general effort is described by the effort incentive con-

straint that ai(βi) ∈ arg maxai EUi[· | αi, βi]. Given this structure, for given PPS,

the managers’ effort choices are independent of the investment k1. The expected

surplus that can be extracted from Division i is

Vi(βi, k1) ≡ Eε,θ [πi(ai(βi), k1)]− ρ

2
β2
i

(
σ2
i +

ϕ(k1)

4

)
− v

2
a2
i . (2)

The total expected surplus (social welfare) is W (β, k1) ≡
∑2

i=1 Vi(βi, k1).

It is easy to show that ϕ(k1) = (q∗(µ, k1))2 S, so that ϕ′(k1) = 2q∗(µ, k1)S >

0. Specific investments enhance the efficiency of the project at the margin,

thereby adding to its scale, pointwise. From an ex-ante standpoint, however,

each expected unit of the project is subject to the random shock θ̃. Therefore

upfront specific investments increase the outcome variance and, given linear con-

14 See Appendix C for details.
15 Assuming βi ∈ [0, 1] ensures neither party has incentives to destroy output. We restrict

attention to linear contracts for tractability reasons. For a discussion of the conceptual issues
that arise under more general contracts, see Baldenius and Michaeli (2017, Section II).
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ai and k1
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by managers
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0

Ownership
structure

Figure 2: Timeline

tracts, the risk premium as per (1).16 This investment-risk link is demonstrated

for more general project surplus functions in Appendix B.17

The sequence of events is given in Figure 2. At Date 0 the ownership structure

is determined. At Date 1, the managers’ contracts are designed. At Date 2, the

managers choose their actions. Then the state is realized, and the managers

implement the project and split the contribution margin.

2.2 Benchmark: contractible investments

As a benchmark, suppose a global planner, who maximizes welfare W (·), can

contract on the specific investment k1—for example, the investment may entail

equipment used in a verifiable manner for a project. The planner in essence

instructs Manager 1 how much to invest. Even with contractible investments, the

managers remain essential for project implementation at Date 4 and continue to

split M , because the project surplus cannot be verified in a disaggregate fashion.

The planner chooses (β∗, k∗1) to maximize W (β, k1) (superscript “∗” indicates

16 It is easy to show that this result holds for more general distributions of θ. In that
case, ϕ(k1) becomes a function of higher moments of the distribution (variance, skewness, and

kurtosis). Specifically, ϕ(k1) = (q∗(µ, k1))
2
S + skew(θ)q∗(µ, k1)S3/2 + S2

4 (kurt(θ)− 1). Thus

ϕ′(k1) = 2q∗(µ, k1)S + skew(θ)S3/2, so the project risk is increasing in the investment for any
symmetric distribution (i.e., distribution with zero skewness such as normal, uniform etc.) and
any positively skewed distribution.

17 Baldenius and Michaeli (2017) discuss the role of linear contracts, aside from the cus-
tomary tractability advantage. With nonlinear contracts, added outcome uncertainty does not
necessarily translate into added compensation risk, if the (more dispersed) outcome distribution
gets shifted to a region in which the contract is “flatter.”

9



benchmark). This is equivalent to solving maxk1 W (k1), for the value function

W (k1) ≡ W (βo(k1), k1), with

βoi (k1) =
1

1 + ρv
(
σ2
i + ϕ(k1)

4

) , (3)

and β∗ ≡ βo(k∗1). The conditionally optimal PPS in (3) is decreasing in k1 and

therefore lower than the standard moral hazard PPS, βMH
i ≡ (1+ρvσ2

i )
−1. More-

over, the benchmark investment level is lower than that in a risk-free world, k∗1 ≤

krf1 . Both observations follow from the fact that the risk premium ρ
2
V ar(si(·))

has increasing differences in βi and k1. At the margin, PPS and investments

are substitutes in the contractible benchmark : strong effort incentives call for low

investments, and vice versa.

Throughout Sections 2–3, we impose the following condition to ensure the

benchmark problem has a feasible solution:

Assumption A1 S ≤ min{Srisk, Spos}, where Srisk ≡ 4 min{σ2
1 ,σ

2
2}

(q∗(µ,krf1 ))2
, and Spos ≡

4
ρ
∑
i(β

MH
i )2

.

Assuming S ≤ Srisk ensures the project-related risk for each manager is less than

his general risk. As a result, the benchmark PPS is bounded so that β∗i ∈ Bi ≡

[βmini , βMH
i ], where βmini ≡ (1 + 2ρvσ2

i )
−1

. Assuming S ≤ Spos ensures a strictly

positive benchmark investment level, k∗1 > 0.18

2.3 Noncontractible investments

We now turn to delegated investments. While divisional investments may be

verifiable at the aggregate level, it is often difficult to trace individual (disag-

18 The bounds invoked in A1 can be restated in terms of exogenous constructs. First,

Srisk = 4
(
f−1
µf

)2
min{σ2

1 , σ
2
2}. Assuming S ≤ Srisk ensures the project-related risk premium

for Manager i, ρ
8 (βoi (k1))2 · ϕ(k1), is increasing in k1 for any k1 ≤ krf1 in the contractible-

investment benchmark case. Second, Spos = 4
ρ

(∑2
i=1(1 + ρvσ2

i )−2
)−1

. Taking the derivative

of the planner’s expected utility, Wk1 = E [Mk1(θ, k1)] − ρ
8

∑
i(β

o
i (k1))2ϕ′(k1) − F ′(k1) =

q∗(µ, k1)
(

1− ρS
4

∑
i(β

o
i (k1))2

)
− fk1. Hence for S ≤ Spos, the marginal investment return is

positive for small k1.
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gregate) investments to projects, rendering specific investments noncontractible

at the project level; instead, they are chosen by division managers in their own

best interest.19 We henceforth assume that investments and the state realization

θ are jointly observable to the managers but cannot be communicated to a third

party.20 The resulting investment for given β1 is:

ko1(β1) ∈ arg max
k1

β1

(
E[M(θ, k1)]

2
− ρ

8
βiϕ(k1)

)
− β1

f

2
k2

1. (4)

We generalize the characterization of ko1(β1) from Baldenius and Michaeli (2017,

Lemmas 3–4 and Proposition 1), relying on the following parameter conditions.21

Condition UI (Underinvestment): σ1 ≤ σ2 or S < SU , for some finite and

feasible threshold SU .

Condition OI (Overinvestment): S > SO, σ2 ∈ (σo2, σ
oo
2 ), σ1 > σoo2 + δ, for

δ > 0, and v < vO, for some finite and feasible thresholds (SO, σ
o
2, σ

oo
2 , δ, vO).

Under UI, either the non-investing manager faces the more volatile general

operations, or the inherent (primitive) project risk is limited, that is, S is “small”

relative to σ2
2, the general uncertainty faced by the non-investing manager. Under

OI, the project is volatile, and the non-investing manager is rather sensitive to the

incremental project risk, for example, his environment may be stable, implying

a higher PPS. To describe the investment distortions for given PPS, let k∗1(β) ∈

arg maxk1∈R+ W (β, k1) be the conditionally optimal contractible investment.

Lemma 0 (Baldenius and Michaeli, 2017) Given A1, if investments are non-

contractible:

19 To compound this aggregation issue, project investments may also take the form of
personnel training or other intangibles (rather than in PP&E), which are hard for the CFO to
reliably distinguish from operating expenses.

20 We abstract from message games designed to elicit the information from the managers.
See Maskin and Tirole (1999) for a related critique of the foundations of incomplete contracting.

21 Our Condition UI is more general than the similarly-labeled one in Baldenius and Michaeli
(2017), in that the condition in the current paper adds σ1 ≤ σ2 as an alternative sufficient
condition. The precise thresholds given in UI and OI are stated in the proof of Lemma 0.
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(i) The investment is decreasing in the PPS of Manager 1:
dko1(β1)

dβ1
< 0.

(ii) For any β ∈ B1 × B2, UI implies underinvestment (ko1(β1) < k∗1(β)), and

OI implies overinvestment (ko1(β1) > k∗1(β)).

Earlier studies (e.g., Holmstrom and Tirole, 1991) have argued that the PPS

has no effect on delegated investments because it equally scales the cash returns

and fixed costs. Yet, even under pure divisional performance evaluation, the

PPS nonetheless affects investment incentives through a second-moment effect:

as argued above, investments increase the project-related risk, both in levels and

at the margin. Higher PPS makes the manager more sensitive to this incremental

risk, thereby suppressing specific investments.

Because Manager 1 anticipates to split M with his counterpart, he external-

izes not only a share of the expected investment returns (hold-up) but also of

the incremental risk premium (a risk transfer). Conditions UI and OI predict

the severity of these countervailing externalities. While UI yields the standard

underinvestment result, under OI the risk transfer dominates the hold-up effect,

leading to overinvestment.

3 Ownership structure

We now solve for the contracts offered to the managers by the principal(s) under

the alternative ownership structures. To focus on the role of firm ownership,

we impose three ceteris paribus assumptions. We will discuss these (and other)

assumptions in Section 5 below. Regardless of the ownership structure, (a) the

managers always split equally the project’s contribution margin; (b) contracts

rely only on divisional performance (except in Section 3.2)—that is, Manager

i’s compensation does not depend on πj; (c) each principal has full commitment

power when contracting with her managers. Assumptions (a) and (b) strip away

trivial arguments in favor of integration; Assumption (c) strips away a trivial

argument in favor of non-integration by abstracting from Williamson’s (1975)

12



selective intervention problem. Given (a)–(c), prior studies suggest ownership

structure should have no efficiency effects for specific capital investments.

The only difference between the organizational modes is that we assume the

principals can commit to compensation schemes only within their own firm. If we

allowed for profit-sharing contracts between the principals under NI, there would

be no difference between these ownership modes. As we will show, by allowing

for coordinated incentive contracts for both managers, a case for integration can

be made—and the mechanism through which integration adds value, in plausible

scenarios, is low-powered PPS.

3.1 The effects of integration

Given our ceteris paribus assumptions, the ownership structure does not directly

affect the managers’ actions. It may matter indirectly though if the principal of

the M-form finds it in her best interest to offer her managers incentive contracts

that differ from those offered by two principals under nonintegration.

Under nonintegration, Principal i is the residual claimant for Vi and contracts

with Manager i, i = 1, 2. Under the integrated M-form, a single principal is the

residual claimant for the total surplus W = V1 + V2 and contracts with both

managers. (The principal of the M-form resembles the global planner from the

benchmark setting, except she cannot contract on k1.) In either case, Manager

1 chooses the specific investment k1; see Figure 2. By revealed preference, the

M-form in our setting is weakly preferred because the principal can replicate the

outcome of the contracting game played by the two principals under NI. We ask

whether the M-form can strictly outperform NI and, if so, what is the mechanism

through which such an improvement obtains.

With noncontractible investments, the optimization problem of the principal

of the integrated M-form (denoted by “ ̂ ”) is to maximize overall expected
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surplus anticipating Manager 1’s Date-2 investment choice:

Program P̂ : max
β∈[0,1]2

W (β) ≡ W (β, ko1(β1)).

Under NI (denoted by “q”), Division i is owned by Principal i, who extracts

the surplus Vi(βi, k1) and hence solves

Program qPi : max
βi∈[0,1]

Vi(β) ≡ Vi(βi, k
o
1(β1)), i = 1, 2.

Given our maintained assumption that the effort cost v is bounded from

above, and f is bounded from below, both programs are well-behaved. (i)

Each optimization program is concave in the respective PPS arguments. (ii)

There exists an interior solution to Program P̂ denoted by β̂ = (β̂1, β̂2), re-

sulting in a (unique) equilibrium noncontractible investment under the M-form

of k̂1 ≡ ko1(β̂1) and welfare of Ŵ ≡ W (β̂). (iii) Lastly, there exists a unique

Nash equilibrium in contracts, denoted by qβ = (qβ1, qβ2), that solve Programs

qPi, i = 1, 2. Let qk1 ≡ ko1( qβ1) be the equilibrium investment, and |W ≡
∑

i Vi(
qβ)

the attendant expected welfare under NI.

We now proceed to comparing the equilibrium contracts, investments, and

expected welfare across the alternative ownership structures:

Proposition 1 Given A1 and noncontractible monetary project investments, in-

tegration strictly increases expected welfare, due to the following contract adjust-

ments:

(i) If UI holds (hold-up is the dominant distortion), both managers face lower-

powered PPS under the M-form, β̂i < qβi, i = 1, 2. The underinvestment

problem is alleviated, k̂1 ∈ (qk1, k
∗
1).

(ii) If OI holds (risk-transfer is the dominant distortion), both managers face

higher-powered PPS under the M-form, β̂i > qβi, i = 1, 2. The overinvest-

ment problem is alleviated, k̂1 ∈ (k∗1,
qk1).
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Regardless of the ownership structure, the direction of the investment dis-

tortions demonstrated heuristically in Lemma 0 remains valid, even for opti-

mally adjusted contracts, taking into account the endogenous nature of Manager

1’s investment incentives. Under UI the hold-up problem dominates, implying

equilibrium underinvestment; under OI the risk transfer dominates, implying

equilibrium overinvestment. The central finding in Proposition 1 is that these

investment distortions are alleviated under the integrated M-form.

To illustrate how integration improves welfare, first note that, regardless of

the ownership structure, Manager 2, who has no investment opportunity, will

face a bonus coefficient of βo2(ko1(β1)), that is, the conditionally optimal PPS

given the anticipated investment level, as per (3). Thus any incentive differential

for Manager 2 can be traced to the anticipated equilibrium investments k̂1 and

qk1; the latter, in turn, are decreasing functions of Manager 1’s PPS (Lemma

0). The key to understanding Proposition 1 therefore is to evaluate Manager 1’s

equilibrium incentive contracts across the ownership structures.

Lowering the investing manager’s PPS always reduces his input of general

effort. This cost is internalized equally by the sole principal of the M-form as by

Principal 1 under NI. But lowering β1 also boosts investment k1, adding to the

expected surplus and its variance. Under NI, Principal 1 internalizes these effects

only to the extent that they affect Business Unit/Manager 1; the principal of the

M-form internalizes the effects for both business units/managers. Comparing the

marginal payoffs to these principals under the respective regimes, as Manager 1’s
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PPS changes, we show in the appendix22 that:

d

dβ1

W (β1, β
o
2(ko1(β1)), ko1(β1))− d

dβ1

V1(β1, k
o
1(β1))

=

(
Mk1(·)

2
− ρ

8
(βo2(ko1(β1)))2ϕ′(k1)

)
dko1
dβ1

= E[q∗(θ, ko1(β1))]

(
1

2
− ρS

4
βo2(ko1(β1))2

)
︸ ︷︷ ︸

X

dko1
dβ1︸︷︷︸
<0

∝ −X. (5)

The term X determines the differential incentive to raise Manager 1’s PPS as a

result of integration. It captures the net of hold-up (first moment-effect) and risk

transfer (second moment-effect), both in marginal terms: it is proportional to

the difference between the marginal expected surplus accruing to Business Unit

2 and the marginal risk premium for Manager 2, each as a result of a change in

k1. By (5), Manager 1 will face lower-powered incentives under the M-form if

X > 0, that is, if the hold-up problem is the dominant externality; conversely,

his PPS will be strengthened under the M-form if X < 0, that is, if the risk

transfer dominates. What underlies Proposition 1 is that the sign of X, in turn,

is directly predicted by Conditions UI and OI.

Under Condition UI, the inherent project uncertainty is small; combined with

the fact that the non-investing manager’s PPS, βo2(ko1(β1)), is bounded from above

by βMH
2 (by Assumption A1), this implies X > 0. Risk transfer is limited because

UI postulates that the inherent project uncertainty is small or the non-investing

manager is rather insensitive to any incremental compensation risk. (His incen-

tives are muted because σ2 is high.) The principal of the M-form mutes Manager

1’s PPS, who thus invests more than under NI. As argued above, by lowering β1,

the principal of the M-form incurs the same opportunity cost in terms of foregone

general effort as would a principal of a nonintegrated firm but double the benefit

in terms of alleviating underinvestment. The converse holds under Condition

22 See equations (11) and (13) in Appendix A for details.
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OI: high inherent project uncertainty, S, combined with the fact that βo2(ko1(β1))

is bounded from below by βmin2 , yields X < 0. Because the risk transfer now

dominates the hold-up problem, Manager 1 is given higher-powered PPS under

the M-form than under NI so as to dampen his overinvestment tendency.

In either scenario, integration alleviates the investment distortion by adjust-

ing the incentives for the investing manager; as a result, the M-form achieves

strictly greater welfare. As mentioned in the introduction, Williamson (1985)

postulates that integration (a) resolves the underinvestment problem—as all in-

vestment returns accrue within the same economic entity—at the price of (b)

reduced effort incentives because of commitment problems in hierarchies (“se-

lective intervention”). However, these arguments are at best cursorily related

(Bresnahan and Levin, 2012, p.856). Moreover, (a) implicitly rests on the notion

of centralized decision-making (or firmwide performance evaluation), whereas

investments in integrated firms are typically chosen by managers compensated

chiefly based on divisional profit (Holmstrom, 1999). Thus, according to prior

literature, managers’ investment incentives should be unaffected by the owner-

ship structure—holding all else constant, including contracts. Yet our results

link the PPS with the ownership structure in an endogenous fashion. For the

(arguably most descriptive) case of Condition UI, Williamson’s hypotheses (a)

and (b) indeed emerge as joint predictions but causally linked now and driven

by the same economic force.

More generally, Proposition 1 provides a unifying theory linking ownership,

PPS, and investments, through the channel of contracting rights combined with

the investment-risk link. It is worth reiterating that the welfare-improving role

of integration obtains in a setting in which ownership affects the outcome only

indirectly. Allowing for firmwide performance evaluation under integration would

further strengthen the performance advantage of the M-form, as we discuss now.
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3.2 Firmwide performance evaluation

We now consider the effects of firmwide performance evaluation on contract de-

sign and equilibrium outcomes. To this end, we introduce a cross-division bonus

coefficient, γi, so that contracts now take the form si(πi) = αi+βiπi+γiπj, i 6= j.

Let γ ≡ (γ1, γ2) ∈ R2, where γi < 0 implies relative performance evaluation

(RPE) and γi > 0 implies joint performance evaluation (JPE). Given equal-split

surplus sharing, the managers’ objectives can be restated as:

EUi = αi + βi

(
ai −

ρ

2
βiσ

2
i

)
+ γi

(
aj −

ρ

2
γiσ

2
j

)
− v

2
a2
i

+(βi + γi)
E[M(θ, k1)]

2
− ρ

8
(βi + γi)

2ϕ(k1)− (1i=1βi + 1i=2γi)F (k1),

for i, j = 1, 2 and j 6= i. As before, the managers’ participation constraints are

binding. Therefore the total expected surplus is, for j 6= i,

W (β,γ, k1) =
∑
i

{
Eε,θ [πi(ai(βi), k1)]− ρ

2

(
β2
i σ

2
i + γ2

i σ
2
j +

(βi + γi)
2

4
ϕ(k1)

)
− v

2
a2
i

}
.

(6)

Under the contractible benchmark, with firmwide performance evaluation the

principal sets (βFPE
∗
,γFPE

∗
, kFPE

∗
1 ) to solve the problem maxβ,γ,k1 W (β,γ, k1).

Lemma 1 If investments are contractible, the optimal contract features RPE

with γFPE
∗

i ∈ (−βFPE∗
i , 0). Each manager’s own-division PPS and the contractible

investment level are larger than the ones without firmwide performance evalua-

tion, that is, βFPE
∗

i ∈ (β∗i , β
MH
i ) and kFPE

∗
1 ∈ (k∗1, k

rf
1 ), i = 1, 2.

With contractible investments, βi again trades off general effort incentives and

(general and project) risk premia, whereas the cross-division bonus coefficients

γ play only a risk sharing role. Because surplus splitting results in income

measures that are positively correlated across divisions (Anctil and Dutta 1999),

the optimal contract entails RPE, that is, γFPE
∗

i < 0. The extent to which

RPE is used to filter out the common shock θ is limited by the fact that it

subjects Manager i to the general risk of Division j. But the reduction in the
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project-related risk exposure for the managers has two beneficial side effects: it

allows the principal (a) to raise each manager’s own-profit PPS closer to that

in the pure moral hazard setting and (b) to move the investment closer to krf1 ,

the contractible investment in a hypothetical risk-free world. With contractible

investments, therefore, γ1 and k1 are negatively associated.

With noncontractible investments, firmwide performance evaluation plays a

dual risk-sharing and (possibly) investment-inducing role. Prior studies have

shown that (a) delegated investment is increasing in γ1 (mitigating the hold-up

problem), and (b) “pure” JPE (γi = βi) would induce benchmark investments

at the price of suboptimal risk sharing (Holmstrom and Tirole 1991; Anctil and

Dutta 1999). The investment-risk link overturns both results.

Firmwide performance evaluation is implausible under NI, for the same rea-

son that the principals cannot commit to side payments,23 but it is commonly

employed in integrated firms. By revealed preference, then the M-form performs

even better relative to NI—but how will contracts and investments be affected?

Manager 1 now invests according to:

ko1(β1, γ1) ∈ arg max
k1

(β1 + γ1)

(
E[M(θ, k1)]

2
− ρ

8
(β1 + γ1)ϕ(k1)

)
− β1

f

2
k2

1. (7)

We assume that γ1 > −β1 and S ≤ 2
ρ(β1+γ1)

, which are jointly necessary for

Manager 1 to invest a positive amount.24

Proposition 2 With firmwide performance evaluation, Manager 1’s choice of

investment ko1(β1, γ1) is decreasing in γ1, for any β1 and γ1 >
1
ρS
− β1.

As the inherent project uncertainty S becomes small, the outcome converges

to that in earlier hold-up papers: greater γ1 then always fosters specific invest-

ments by alleviating the hold-up problem. As S increases, however, so does the

23 While RPE is common also across firms, it is typically applied at the firm level. Firms
usually do not have access to profit data at the divisional level of peer firms, which would be
required to implement RPE in our non-integration setting.

24 To see why, recall that E[M(θ, k1)] = 1
2 (µ+ k1)2 and ϕ(k1) = (µ+ k1)2S.
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risk premium. By (7), Manager 1’s project-related risk premium has increas-

ing differences in his own-division PPS β1, the profit sharing coefficient γ1, and

S: the greater are β1 and γ1, the greater the marginal risk premium as k1 in-

creases. Eventually, this risk premium effect comes to dominate the first-moment

effect (that greater γ1 mitigates the hold-up problem), so that greater γ1 may in

fact suppress investments. On the other hand, starting from γ1 = −β1 (“pure”

RPE), raising γ1 comes at only a second-order incremental risk premium and un-

ambiguously increases delegated investments, regardless of the inherent project

uncertainty, S. I As another departure from earlier studies, note that delegation

combined with “pure” JPE (γ1 = β1) fails to deliver benchmark investments.

To see this, compare the first-order condition of (6) describing the benchmark

investment as per Lemma 1,

q∗(µ, k1)− ρS

4

∑
i

(βFPE
∗

i + γFPE
∗

i )2q∗(µ, k1)− fk1 = 0,

with the first-order condition describing ko1(β1, γ1 = β1) for some β1, as per (7),

q∗(µ, k1)− ρSβ1q
∗(µ, k1)− fk1 = 0.

Again, the investing manager fails to internalize the marginal risk premium in

the same way the principal does. It is straightforward to construct examples in

which this would lead to under- or over-investment.25

At Date 1, the principal of the M-form anticipates the equilibrium investment

strategy ko1(β1, γ1) and offers contracts (β̂
FPE

, γ̂
FPE

) to maximizeW (β,γ, ko1(β1, γ1))

over all (β,γ). Let k̂FPE1 ≡ ko1(β̂FPE1 , γ̂FPE1 ). For the manager without an invest-

ment opportunity, the solution follows familiar steps: β2 trades off general and

project risk premia against effort incentives, whereas γ2 trades the benefits of us-

ing RPE for the joint project against the cost of exposing Manager 2 to Division

1’s general risk—hence γ̂FPE2 ∈
(
−β̂FPE2 , 0

)
. Now turn to the investing manager.

25 This argument is related to that of Baldenius and Michaeli (2017) about why a man-
ager who has complete bargaining power vis-a-vis the other manager does not have efficient
investment incentives, if one takes into account the investment-risk link.
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For sufficiently small project risk, S, it is easy to see that γ̂FPE1 > 0 (i.e., JPE)

and thus β̂FPE1 < β̂1.26 Cross- and own-division bonus coefficients then are sub-

stitutes for the investing manager because of the project-related risk premium.

Characterizing the optimal contract for more general project risk levels, however,

is intractable, due to the nonmonotonic (interdependent) effects of the contract

parameters on delegated investments as per Proposition 2.

We therefore turn to numerical examples to illustrate the key trade-offs. Ta-

ble 1 illustrates the case of low intrinsic project uncertainty, S, resulting in (i)

JPE for Manager 1 (γ1 > 0, because the investment-inducing effect of γ1 out-

weighs any risk sharing considerations) and (ii) RPE for Manager 2 (γ2 < 0,

which holds, regardless of S, as argued above). JPE for Manager 1 implies that

(iii) the equilibrium investment will be greater than under pure divisional per-

formance evaluation, that is, k̂FPE1 > k̂1. (i) and (iii) together imply that (iv) the

principal will mute the investing manager’s own-division PPS, that is, β̂FPE1 < β̂1,

to compensate for the higher project risk premium, ρ
2

(β1+γ1)2

4
[q∗(µ, k1)]2S. Lastly,

the predictions for the own-division bonus coefficient for the non-investing man-

ager are a priori ambiguous: higher investment (as per (iii)) increases the total

project risk, but RPE (as per (ii)) helps “hedge” this risk for Manager 2. For

the particular parameterization in Table 1, the latter effect dominates so that

(v) β̂FPE2 > β̂2.

The example of Table 2 features higher levels of intrinsic project uncertainty

S and risk aversion ρ, making RPE the dominant role of firmwide performance

evaluation for both managers, γ̂FPEi < 0, i = 1, 2.27 Introducing firmwide perfor-

mance evaluation under the M-form now decreases the equilibrium investment

26 This finding may seem at odds with Anctil and Dutta (1999), who show that the investing
party’s profit-sharing coefficient may take either sign in the absence of any investment-risk link.
In their model, the joint project surplus is uncertain, but the associated risk is assumed to
be independent of any specific investment; therefore RPE arguments continue to apply. In
our setting, as S → 0, the investment-risk link disappears, and so does any project-specific
uncertainty. Firmwide performance evaluation then plays the sole role of mitigating hold-up.

27 Note the parameterization in Table 2 still ensures underinvestment, relative to the con-
tractible benchmark
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Regime Divisional performance Firmwide performance
evaluation evaluation

Benchmark (contractible k1)

β1 19.9083 19.9093
γ1 N/A −0.2266
β2 33.0794 33.0808
γ2 N/A −0.1893
k1 10.2876 10.2937
W (·) 403.9170 403.9290

M-form

β1 19.8697 19.8380
γ1 N/A 0.9764
β2 33.1352 33.1355
γ2 N/A −0.1483
k1 4.6426 4.8521
W (·) 398.9200 399.0230

Non-integration

β1 19.9099

N/A
β2 33.1352
k1 4.6415
W (·) 398.9190

Table 1: Illustration of γ̂FPE1 > 0 and k̂FPE1 > qk1
Numerical example with µ = 1.5, σ2

1 = 40, σ2
2 = 20, ρ = 1, v = 0.1, S = 0.3, f = 9.

All numbers are scaled by 100.

level (k̂FPE1 < k̂1). This reduces the total project risk which, combined with the

hedging benefits of RPE, implies that each manager’s own-division PPS goes

up, that is, β̂FPEi > β̂i. Thus firmwide performance evaluation, often seen as

stimulating specific investments, may actually reduce those—in particular if the

joint project fostered by the investment is more uncertain. In Table 2, this effect

pushes the equilibrium investment level below even that under NI.

In sum, the introduction of firmwide performance evaluation qualitatively

affects our earlier results regarding the investment distortions across ownership

forms. Small project uncertainty, S, as in Table 1, calls for JPE for the investing

manager, thereby compounding the investment improvement attained through.

Hence our results regarding alleviated investment distortions are strengthened.

But for more uncertain joint projects, as in Table 2, our earlier predictions may

be overturned: integration with firmwide performance evaluation may result in

even more severe underinvestment, because the risk sharing benefits of RPE

take precedence for the investing manager. Note, though, that the attendant
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Regime Divisional performance Firmwide performance
evaluation evaluation

Benchmark (contractible k1)

β1 12.9671 13.1479
γ1 N/A −1.9911
β2 17.5075 17.7369
γ2 N/A −1.8858
k1 13.2014 13.4265
W (·) 521.6460 523.7400

M-form

β1 12.7106 12.9059
γ1 N/A −1.2157
β2 17.7760 17.9681
γ2 N/A −1.6932
k1 4.2114 3.9992
W (·) 512.0120 513.3210

Non-integration

β1 12.9631

N/A
β2 17.7777
k1 4.1587
W (·) 511.9880

Table 2: Illustration of γ̂FPE1 < 0 and k̂FPE1 < qk1
Numerical example with µ = 2, σ2

1 = 30, σ2
2 = 20, ρ = 2, v = 0.1, S = 3, f = 10.

All numbers are scaled by 100.

risk sharing benefits of RPE ultimately increase welfare, as compared with NI;

by revealed preference, of course, integration remains the preferred regime in our

setting.

4 Personally costly relationship-specific efforts

So far, we have taken the project-specific input to be a capital investment, paid

for with divisional funds. In some instances, efficiency-enhancing inputs may

instead come at a personal cost to the manager who sinks them, for example,

foregone perquisites or private benefits from pet projects, or simply the disutility

of engaging in time-consuming market research. We now modify the setting

by assuming Manager 1 exerts project-specific effort e1 ∈ R+ at personal cost

c
2
e2

1, where c is sufficiently high to ensure concavity of the principal’s payoff.

Normalizing the return to e1 to one, we assume as before that M(q, θ, e1) = (θ+

e1)q− q2

2
and thus q∗(θ, e1) = θ+ e1 and M(θ, e1) = (θ+ e1)2/2. For tractability,
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we return to contracts that rely exclusively on divisional performance.

In the benchmark setting, the global planner can contract on e1. Because

the managers’ participation constraints will be binding, the principal internal-

izes Manager 1’s effort disutility the same way she did the fixed capital in-

vestment cost above. The benchmark solution therefore remains qualitatively

unchanged: e1 increases the risk of the project surplus; hence the benchmark

PPS, βoi (e1), is decreasing in e1, where βoi (e1) is the analog to (3) with ϕ(e1) ≡

V ar(M(θ, e1)) = (q∗(µ, e1))2 S taking the place of ϕ(k1). The functions Vi(·)

and W (·) are as defined in Sections 2 and 3.1, with e1 replacing k1.28 Let

(β∗, e∗1) ∈ arg maxW (β, e1) denote the benchmark solution. For erf1 = µ
c−1

as

the optimal project effort in a risk-free setting, assume:

Assumption A1′ S ≤ min{Serisk, Spos}, where Serisk ≡
4 min{σ2

1 ,σ
2
2}

(q∗(µ,erf1 ))2
.

In the main setting, e1 is again noncontractible and instead chosen by Man-

ager 1 as follows:

eo1(β1) ∈ arg max
e1

β1

(
E[M(θ, e1)]

2
− ρ

8
βiϕ(e1)

)
− c

2
e2

1. (8)

The key modification to (4) is that the resource cost now is incurred personally

by Manager 1 (“project effort”) and no longer scaled by the PPS, making this

a model of moral hazard in teams (Holmstrom 1982), augmented with surplus

splitting.

Lemma 2 Given A1′, Manager 1’s choice of project-specific personally costly

effort is increasing in β1, that is,
deo1(β1)

dβ1
> 0.

With the cost of the project input being borne by the manager personally,

the first moment-effect of an increase in PPS (the manager’s share of output goes

up) dominates the second moment-effect (the risk premium is again increasing

in e1, as ϕ′(e1) = 2q∗(µ, e1)S). High-powered PPS thus increases Manager 1’s

28 Similar to the case of monetary investments, assuming the personal project cost is suffi-
ciently convex (c is sufficiently high) ensures the principal’s payoff is globally concave.
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choice of both efforts—there is no longer any trade-off between general effort and

project-specific inputs.

To characterize the project effort distortion due to incomplete contracting,

let e∗1(β) ∈ arg maxe1∈R+ W (β, e1) represent the efficient contractible project

effort for given PPS. Because the manager now fully internalizes the resource

cost, whenever underprovision of specific inputs arose with delegated monetary

investments (Section 3), it will arise a fortiori also with delegated project efforts.

Hence while Condition UI is sufficient also for under-provision of effort, we need

to modify the sufficient condition for over-provision of effort.

Condition OE (Overprovision of effort): S > SO, σ2
1 > sO, σ2

2 < zO,

v < vO and ρ > ρO for some finite and feasible thresholds (SO, sO, zO, ρO, vO).

Lemma 3 Suppose A1′ is satisfied. For β ∈ B1 × B2:

(a) Given UI, Manager 1 provides less project-specific effort than in the bench-

mark solution: eo1(β1) < e∗1(β).

(b) Given OE, Manager 1 provides a greater level of project-specific effort than

in the benchmark solution: eo1(β1) > e∗1(β).

We now compare the equilibrium outcomes across the ownership structures,

deriving the optimal linear contracts (based on division performance) that obtain

under the respective ownership modes.

Proposition 3 Given A1′ and personally costly project efforts, integration strictly

increases expected welfare, due to the following contract adjustments.

(i) If UI holds (hold-up is the dominant distortion), the investing manager

faces higher-powered PPS under the M-form, β̂1 > qβ1, which alleviates

the underprovision of project efforts, ê1 ∈ (qe1, e
∗
1). As a result, the non-

investing manager faces lower-powered PPS under the M-form, β̂2 < qβ2.
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(ii) If OE holds (risk-transfer is the dominant distortion), the investing man-

ager faces lower-powered PPS under the M-form, β̂1 < qβ1, which alleviates

the overprovision of project efforts, ê1 ∈ (e∗1, qe1). As a result, the non-

investing manager faces higher-powered PPS under the M-form, β̂2 > qβ2.

The principal of the M-form again uses the link between PPS and project

inputs to guide her managers toward more efficient levels of e1. The fact that

the PPS stimulates project effort, whereas it deterred monetary investments k1 in

Section 3, flips the direction of the PPS adjustments. In line with Holmstrom and

Tirole (1991), we find that integration alleviates underprovision of joint efforts

by exposing the manager who exerts team effort to high-powered incentives if

risk transfers are limited (Condition UI).

What is new in Proposition 3 is that integration may lead to muted incen-

tives even with personally costly project efforts: If the joint project is inherently

volatile and Manager 2 is sufficiently sensitive to this risk (Condition OE), ex-

cessive levels of project effort may result. This is despite the fact that two classic

frictions depress Manager 1’s project effort incentives: his divisional income π1

reflects only half the added contribution margin (the horizontal hold-up prob-

lem), and he pockets only a share β1 of π1 as compensation (the vertical sharing

rule). The principal of the M-form internalizes the negative (net) externality

project effort has on Manager 2, at the margin, and guides Manager 1 toward a

lower level of project effort by muting his PPS. This case does not arise in Holm-

strom and Tirole (1991), because they do not take into account the link between

relationship-specific inputs and risk. The fact that over-provision of effort may

obtain in equilibrium illustrates the importance of risk transfers.

5 Discussion

We now summarize our empirical predictions, contrast them with prior work, and

discuss our maintained assumptions. The nature of the project-specific input—
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investment or effort—matters qualitatively for our predictions. The main differ-

ence between Propositions 1 and 3 is the direction of the PPS ranking across

ownership structures for the manager who chooses the specific input. Reflecting

the differential incentive effect of β1 as per Lemmas 0 and 2, alleviating un-

derprovision of specific inputs under Condition UI requires muting (increasing)

β1 for capital investments (for project effort); all these predictions flip under

Conditions OI/OE (see Figure 3).

Nature of 
relationship-

specific 
input

Manager

Investment Effort 

Manager who 
chooses upfront 
specific input

Lower-
powered 

PPS

Higher-
powered 

PPS

Manager who 
only participates 
in project 
implementation

Lower-
powered 

PPS

Lower-
powered 

PPS

Nature of 
relationship-

specific 
input

Manager

Investment Effort 

Manager who 
chooses upfront 
specific input

Higher-
powered 

PPS

Lower-
powered 

PPS

Manager who 
only participates 
in project 
implementation

Higher-
powered 

PPS

Higher-
powered 

PPS

Fig.3a: Condition UI is satisfied Fig.3b: Condition OI/ OE is satisfied

Figure 3: PPS under the M-form relative to that under NI

To illustrate the importance of the investment-risk link, we contrast our pre-

dictions with those of Holmstrom and Tirole (1991), who ignore this link. The

only case where our predictions are consistent with theirs is the top-right one

in Fig.3a, for the manager who exerts project effort under Condition UI. Given

our ceteris paribus assumptions, Holmstrom and Tirole (1991)’s results imply

(a) no PPS effect of the integration decision for the manager who only engages

in project implementation without the potential to invest either capital or effort

upfront, and (b) no PPS effect even for the manager who can choose a specific

input, if this input is monetary in nature. All these predictions are overturned if

one takes into account the link between efficiency-enhancing specific inputs and
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compensation risk.

To sharpen the predictions on the contracting and real effects of integration,

we have maintained two important ceteris paribus assumptions throughout the

paper, which we will now discuss in more detail. First, the managers always split

equally the project contribution margin—that is, the model abstracts from ad-

ministered (transfer) pricing mechanisms that may be feasible only under integra-

tion. Cost- or market-based internal pricing would require detailed information

held by the principal(s) (Gox and Schiller, 2007). Moreover, internally traded

goods and services are often non-commoditized in nature, creating inefficiencies

also under those methods.29 Second, the principal(s) were assumed always to

be able to commit to compensation contracts. This circumvents Williamson’s

(1975) selective intervention problem, whereby integrated firms suffer from com-

mitment problems.30 Allowing for more general transfer pricing mechanisms

would strengthen the case for integration; introducing limits to commitment in

the M-form, on the other hand, would introduce limits to firm size or scope.

Moreover, we have imposed several technical restrictions. Confining attention

to linear contracts is convenient and allows us to focus on the PPS as a measure

of incentives with empirical content.31 Moreover, we have assumed a quadratic

29 For example, for imperfectly competitive intermediate good markets, pricing internally
at market may result in double-marginalization (Baldenius and Reichelstein, 2006; Johnson
et al. 2016; Arya and Mittendorf, 2010). We also ignore ex-ante fixed-priced contracts to be
renegotiated after the realization of the state variable, as in Edlin and Reichelstein (1995). In
contrast to earlier hold-up models that ignore the investment-risk link, Baldenius and Michaeli
(2017) show that investment distortions may not be monotonic in the allocation of bargaining
power. A manager who has complete bargaining power always underinvests (their Lemma 2),
but he may overinvest under certain conditions (their Proposition 2). To focus on alternative
ownership structures, we assume equal-splitting of the project surplus in this paper.

30 We abstract from other differences between the ownership structures—for example, under
non-integration managers may not observe each other’s information (which would affect the
surplus splitting); integration may facilitate collusion among the managers—and we ignore
“hybrid” ownership structures—for example, joint ventures or strategic alliances (Menard,
2012).

31 Baldenius and Michaeli (2017) discuss the investment-risk link for more general contracts.
However, to determine the direction of the investment distortion under delegation, requires
trading off the hold-up (first-moment) and risk transfer (second-moment) externalities. This
is intractable beyond the linear-quadratic model.
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functional form for the project surplus M that can easily be derived from the

canonical supply chain example and facilitates comparability with earlier work.

Appendix B highlights the key properties of the project surplus function that

are essential for the investment-risk link to obtain in general settings; these

(increasing differences) properties are typically met in hold-up models. Lastly, we

have assumed that efforts and investments affect general operations and the joint

project in a separable fashion. Relaxing this assumption would not qualitatively

change our results but would make the analysis messy.

The key distinction between the ownership structures revolves around con-

tracting on (π1, π2). In Roberts’s (2004, p.94) words: “... the owner controls

the performance measures and would always be tempted to fudge them ... This

argument clearly rests on the difficulties of effective contracting. Reputational

concerns may help counter it.” These reputational concerns are arguably more

powerful as a disciplining force in the interaction between Principal i and her

Manager i, due to the repeated nature of the employment relationship, than

between the principals of firms collaborating on a (non-recurring) joint project.

Hence while we assume principals can commit to compensation schemes within

their firms, we rule out profit sharing contracts between the principals under NI.

6 Conclusion

Our model has demonstrated that accounting for the risk consequences of relationship-

specific investments or efforts has profound consequences for how incentive con-

tracts for business unit managers are affected by the ownership structure. For

the canonical (and plausible) case of monetary specific investments and mod-

erate project-related uncertainty (relative to the divisions’ respective operating

uncertainty), the model delivers a unified theory that produces the “joint” pre-

dictions of Williamson (1975)—that integration improves specific investments

while resulting in muted PPS—as two sides of the same coin. Low-powered PPS

is not so much the price an integrated firm has to pay as a result of commitment
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problems endemic to large bureaucracies; rather, it is the mechanism through

which investment improvements are realized.

For other settings—personally costly project efforts or high project uncertainty—

the predictions for the PPS comparison across ownership structures may “flip,”

leaving intact, however, the qualitative takeaway that the owners of integrated

firms will adjust their managers’ PPS in a manner that guides them toward more

efficient levels of project inputs. A limitation of our model is that it identifies

only a welfare-increasing role of integration and no countervailing cost; it remains

silent on the issue of the boundaries of the firm.
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Appendix A: Proofs

Proof of Lemma 0: The proof follows closely the proofs of Proposition 1,

Lemma 3, and Lemma 4 of Baldenius and Michaeli (2017). The exact thresholds

are: SU ≡ 2
ρ

(1 + ρvσ2
2)

2
; SO ≡ 2

ρ

(
(1+2ρvσ2

2)2

4−(1+2ρvσ2
2)2

)
; σoo2 ≡ 0.05√

ρv
; δ ≡ 0.61√

ρv
; σo2 ≡√

10
15ρ

µf
f−1

; vO ≡ 3
800

(
f−1
µf

)2

. Here, we only prove that, if σ1 ≤ σ2, we have

k∗1(β) > ko1(β1) (the new condition in UI). By the proof of Lemma 3 of Baldenius

and Michaeli (2017), k∗1(β) > ko1(β1) if and only if

h(β) ≡ ρS

2

(∑
i

(βi)
2 − β1

)
− 1 < 0.

Recall that βi ∈ [βmini , βMH
i ], i = 1, 2, and βMH

1 ≥ βMH
2 if σ1 ≤ σ2; therefore:

h(β) <
ρS

2
(β2)2 − 1

≤ ρSpos
2

(β2)2 − 1

=
2(β2)2∑
i(β

MH
i )2

− 1

≤ 2(βMH
2 )2

(βMH
1 )2 + (βMH

2 )2
− 1

≤ (βMH
1 )2 + (βMH

2 )2

(βMH
1 )2 + (βMH

2 )2
− 1

= 0.

Proof of Proposition 1: It is useful to separate out of the principal’s expected

payoff from Division i the part that stems from Division i’s general operations,

Φi(βi) ≡ ai(βi)−
v

2
(ai(βi))

2 − ρ

2
β2
i σ

2
i ,

with Φ′i(0) > 0 > Φ′i(1) and Φ′′i (βi) ≤ 0 for any βi ∈ [0, 1]. The surplus to be

extracted from Division i in (2) can then be restated as

Vi(βi, k1) ≡ Φi(βi) +
M(θ, k1)

2
− ρ

8
β2
i · ϕ(k1)− 1i=1F (k1).
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Recall that β̂ ∈ arg maxβW (β), where:

W (β) ≡ W (β, ko1(β1))

=
∑
i

Φi(βi) + E [M(θ, ko1(β1))]− ρ

8

∑
i

β2
i ϕ(k1)− F (ko1(β1)).

Taking derivative with respect to β2,

∂W (β)

∂β2

= Φ′2(β2)− ρ

4
β2ϕ(ko1(β1))

= Φ′2(β2)− ρS

4
β2(q∗(µ, ko1(β1)))2

≡ ŵ2(β). (9)

Hence Manager 2’s PPS is given by β2 = βo2(ko1(β1)). Taking the derivative with

respect to β1,

∂W (β)

∂β1

= Φ′1(β1)− ρ

4
β1ϕ(ko1(β1))

+
dko1(β1)

dβ1

(
E [Mk1(θ, k

o
1(β1)]− ρ

8

∑
i

β2
i

∂ϕ(ko1(β1))

∂k1

− F ′(ko1(β1))

)
= Φ′1(β1)− ρS

4
β1(q∗(µ, ko1(β1)))2

+
dko1(β1)

dβ1

(
q∗(µ, ko1(β1))− ρS

4

∑
i

β2
i q
∗(µ, ko1(β1))− fko1(β1)

)
≡ ŵ1(β). (10)

Taking into account that β2 = βo2(ko1(β1)), we can restate:

ŵ1(β1) = Φ′1(β1)− ρS

4
β1(q∗(µ, ko1(β1)))2

+
dko1(β1)

dβ1

(
q∗(µ, ko1(β1))− ρS

4
(β2

1 + (βo2(ko1(β1)))2)q∗(µ, ko1(β1))− fko1(β1)

)
.

(11)

Under NI, Principal i’s payoff is Vi(βi, k
o
1(β1)). Taking derivative with respect
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to β2,

∂V2(·)
∂β2

= Φ′2(β2)− ρ

4
β2ϕ(ko1(β1))

= Φ′2(β2)− ρ

4
β2(q∗(µ, ko1(β1)))2

≡ qv2(β). (12)

As before, Manager 2’s PPS is given by β2 = βo2(ko1(β1)). Taking the derivative

with respect to β1,

∂V1(·)
∂β1

= Φ′1(β1)− ρ

4
β1ϕ(ko1(β1))

+
dkoi (β1)

dβ1

(
E [Mk1(θ, k

o
1(β1)]

2
− ρ

8
β2

1

∂ϕ(ko1(β1))

∂k1

− F ′(ko1(β1))

)
= Φ′1(β1)− ρ

4
β1(q∗(µ, ko1(β1)))2

+
dkoi (β1)

dβ1

(
q∗(µ, ko1(β1))

2
− ρS

4
β2

1q
∗(µ, ko1(β1))− fko1(β1)

)
≡ qv1(β1). (13)

Comparing (11) with (13):

ŵ1(β1)− qv1(β1) =
dkoi (β1)

dβ1

(
q∗(µ, ko1(β1))

2
− ρS

4
(βo2(ko1(β1)))2q∗(µ, ko1(β1))

)
∝ −

(
1− ρS

2
βo2(ko1(β1))2

)
=

ρS

2
βo2(ko1(β1))2 − 1. (14)

Given UI, this term is negative. To see why, note that, (i) if S < SU , by

definition of SU and the fact that βoi (k1) ≤ βMH
i , we have ρS

2
(βo2(ko1(β1)))2 − 1 ≤

ρSU
2

(βo2(ko1(β1)))2 − 1 ≤ (βMH
2 )2

(βMH
2 )2

− 1 = 0. Furthermore, (ii) if σ1 < σ2, we have

ρS
2

(βo2(ko1(β1)))2 − 1 ≤ ρS
2

(βMH
2 )2 − 1 ≤ ρSpos

2
(βMH

2 )2 − 1 = 2
(βMH

2 )2∑
i(β

MH
i )2

− 1 ≤∑
i(β

MH
i )2∑

i(β
MH
i )2

− 1 = 0. From the above, it follows that β̂1 < qβ1. As a result, k̂1 =

ko1(β̂1) > ko1(qβ1) = qk1, and so β̂2 = βo2(k̂1) < βo2(qk1) = qβ2. For a proof that UI

implies k̂1 = ko1(β̂1) < k∗, see Baldenius and Michaeli (2017), Proposition 2(i).

Given OI, (14) is positive because ρS
2

(βo2(ko1(β1))2−1 ≥ ρSO
2

(βo2(ko1(β1))2−1 =
(βo2(ko1(β1))2

(βmin2 )2− 1
4

− 1 ≥ (βmin2 )2

(βmin2 )2− 1
4

− 1 > 0. Hence β̂1 > qβ1. As a result, k̂1 = ko1(β̂1) <
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ko1(qβ1) = qk1, and so β̂2 = βo2(k̂1) > βo2(qk1) = qβ2. For a proof that OI implies

k̂1 = ko1(β̂1) > k∗, see Baldenius and Michaeli (2017), Proposition 2(ii).

Lastly, to see that the integrated M-form results in higher welfare under both

UI and OI, i.e., Ŵ > |W , note that Ŵ =
∑

i Vi(β̂i, k
o
1(β̂1)) and observe that,

under the M-form, the principal could choose β = qβ. By revealed preference, it

follows that
∑

i Vi(β̂i, k
o
1(β̂1)) >

∑
i Vi(

qβi, k
o
1(qβ1)).

Proof of Lemma 1: The FOC with respect to γi is

∂W (β,γ, k1)

∂γi
= −ρ

4
(βi + γi)ϕ(k1)− ργiσ2

j = 0,

which implies γi = −λj(k1)βi, where λi(k1) ≡ ϕ(k1)

4σ2
i+ϕ(k1)

, j 6= i, i, j = 1, 2. Note

that λi(k1) ∈ (0, 1). Then γi = −βiλj(k1) ∈ (−βi, 0), and thus

∂W (β,γ, k1)

∂βi
= Φ′i(·)−

ρ

4
(βi + γi)ϕ(k1)

=
1

v
− β

v
− ρβiσ2

i − ρβi (1− λj(k1))
ϕ(k1)

4

= 0,

which implies

βFPE
o

i (k1) =
1

1 + ρv
(
σ2
i + ϕ(k1)

4
(1− λj(k1))

)
and, by γi = −βiλj(k1),

γFPE
o

i (k1) = − λj(k1)

1 + ρv
(
σ2
i + ϕ(k1)

4
(1− λj(k1))

) .
Note that

dβFPE
o

i (k1)

dk1
∝ −∂ϕ(k1)

∂k1
< 0 and

dγFPE
o

i (k1)

dk1
∝ ∂ϕ(k1)

∂k1
> 0. Now we can

restate

W FPE∗
(k1) ≡ W (βFPE

o

(k1),γFPE
o

(k1), k1).

Applying the Envelope Theorem,

dW FPE∗
(k1)

dk1

=
∂E[M(θ, k1)]

∂k1

− F ′(k1)− ρ

8

∑
i

(βFPE
o

i (k1))2(1− λj(k1))2∂ϕ(k1)

∂k1

= q∗(µ, k1)− fk1 −
ρS

4

∑
i

(βFPE
o

i (k1))2(1− λj(k1))2q∗(µ, k1).
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To compare kFPE
∗

1 with k∗1, recall that the latter satisfies

q∗(µ, k∗1)− fk1 −
ρS

4

∑
i

(βoi (k
∗
1))2q∗(µ, k∗1) = 0,

where βoi (k1) =
[
1 + ρv

(
σ2
i + ϕ(k1)

4

)]−1

. Therefore:

dW FPE∗
(k1)

dk1

∣∣∣∣
k1=k∗1

=
ρS

4

∑
i

(βoi (k
∗
1))2q∗(µ, k∗1)− ρS

4

∑
i

(βFPE
o

i (k∗1))2(1− λj(k∗1))2q∗(µ, k∗1)

∝
∑
i

(βoi (k
∗
1))2 −

∑
i

(βFPE
o

i (k∗1))2(1− λj(k∗1))2

=
∑
i

[βoi (k
∗
1) + βFPE

o

i (k∗1)(1− λj(k∗1))]× [βoi (k
∗
1)− βFPEoi (k∗1)(1− λj(k∗1))].

Because βoi (k
∗
1) + βFPE

o

i (k∗1)(1 − λj(k∗1)) > 0, the sign of dWFPE∗
(k1)

dk1

∣∣∣
k1=k∗1

is the

same as the sign of βoi (k
∗
1)− βFPEoi (k∗1)(1− λj(k∗1)):

βoi (k
∗
1)− βFPEoi (k∗1)(1− λj(k∗1)) =

1

1 + ρv
(
σ2
i +

ϕ(k∗1)

4
)
) − (1− λj(k∗1))

1 + ρv
(
σ2
i +

ϕ(k∗1)

4
(1− λj(k∗1))

)
∝ 1 + ρv

(
σ2
i +

ϕ(k∗1)

4
(1− λj(k∗1))

)
−(1− λj(k∗1))

(
1 + ρv

(
σ2
i +

ϕ(k∗1)

4

))
= λj(k

∗
1)(1 + ρvσ2

i )

> 0,

i.e., kFPE
∗

1 > k∗1. It remains to compare β∗ = βoi (k
∗
1) and βFPE

∗
= βFPE

o

i (kFPE
∗

1 ).

β∗i − βFPE
∗

i =
1

1 + ρv
(
σ2
i +

ϕ(k∗1)

4
)
) − 1

1 + ρv
(
σ2
i +

ϕ(kFPE
∗

1 )

4
(1− λj(kFPE

∗
1 ))

)
∝ ϕ(kFPE

∗

1 )(1− λj(kFPE
∗

1 ))− ϕ(k∗1)

∝ ϕ(kFPE
∗

1 )σ2
i − ϕ(k∗1)

(
σ2
i +

ϕ(kFPE
∗

1 )

4

)
= ϕ(kFPE

∗

1 )σ2
i − ϕ(k∗1)σ2

i − ϕ(k∗1)
ϕ(kFPE

∗
1 )

4

< 0.
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Proof of Proposition 2: For given contract (β1, γ1), Manager 1’s first-order

condition regarding his choice of k1 reads:

(β1 + γ1)

(
q∗(µ, ko1(β1, γ1))

2
− ρS

4
(β1 + γ1)q∗(µ, ko1(·))

)
− β1fk

o
1(·) = 0. (15)

It is easy to show that the second-order condition holds for any f sufficiently

high. Then, using the Implicit Function Theorem and (15), we have

∂

∂γ1

ko1(β1, γ1) ∝ ∂

∂γ1

(
(β1 + γ1)

(
q∗(µ, k1)

2
− ρS

4
(β1 + γ1)q∗(µ, k1)

)
− β1fk1

)∣∣∣∣
k1=ko1(β1,γ1)

=
q∗(µ, ko1(β1, γ1))

2
− ρS

2
(β1 + γ1)q∗(µ, ko1(β1, γ1))

∝ 1− ρS(β1 + γ1).

Hence ko1(β1, γ1) is decreasing in γ1 if and only if γ1 >
1
ρS
− β1.

Proof of Lemma 2: Applying the Implicit Function Theorem,

deo1(β1)

dβ1

= −
q∗(µ,e1)

2
− ρS

4
β1q

∗(µ, e1)
β1
2
− ρS

4
β2

1 − c

∝ 1− ρS

2
β1

> 1− ρSpos
2

βMH
1

= 1− 2βMH
1∑

i β
MH
i

> 1− 2βMH
1

2βMH
1

= 0.

Proof of Lemma 3: For given (β1, β2) ∈ [βmin1 , βMH
1 ] × [βmin2 , βMH

2 ], the con-

tractible effort satisfies

q∗(µ, e1)− ce1 −
ρS

4

∑
i

(βi)
2q∗(µ, e1) = 0, (16)

whereas the noncontractible effort satisfies

β1
q∗(µ, e1)

2
− ρS

4
(β1)2q∗(µ, e1)− ce1 = 0. (17)
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To evaluate the effort provision distortion we need to sign the differential between

(16) and (17):

∆(β) ≡

(
q∗(µ, e1)− ce1 −

ρS

4

∑
i

(βi)
2q∗(µ, e1)

)
−
(
β1
q∗(µ, e1)

2
− ρS

4
(β1)2q∗(µ, e1)− ce1

)
= q∗(µ, e1)

(
1− β1

2

)
− ρS

4
(β2)2q∗(µ, e1).

If ∆(β) > 0, then we have under-provision of effort; if ∆(β) < 0, then we have

over-provision of effort, relative to the benchmark. We now identify sufficient

conditions for either distortion to occur.

(i) Under-provision of effort:

∆(β) >
q∗(µ, e1)

2
− ρS

4
q∗(µ, e1)(β2)2

∝ 1− ρS

2
(β2)2

> 1− ρS

2
(βMH

2 )2.

Under Condition UI, this term is positive. To see why, note that, (i) if S < SU ,

by the definition of SU , we have 1− ρS
2

(βMH
2 )2 ≥ 1− ρSU

2
(βMH

2 )2 = 1− (βMH
2 )2

(βMH
2 )2

= 0.

Furthermore, (ii) if σ1 < σ2, we have 1 − ρS
2

(βMH
2 )2 ≥ 1 − ρSpos

2
(βMH

2 )2 = 1 −

2
(βMH

2 )2∑
i(β

MH
i )2

≥ 1−
∑
i(β

MH
i )2∑

i(β
MH
i )2

= 0.

(ii) Over-provision of effort:

∆(β) < q∗(µ, e1)

(
1− βmin1

2

)
− ρS

4
(βmin2 )2q∗(µ, e1)

∝ 1− βmin1

2
− ρS

4
(βmin2 )2

< 0

if S > SO ≡ 4
ρ(βmin2 )2

(
1− βmin1

2

)
= 2

ρ

(1+2ρvσ2
2)2(1+4ρvσ2

1)

(1+2ρvσ2
1)

. By Assumption A1′, we
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need to verify that SO ≤ min{Serisk, Spos}, i.e., that S > SO is not an empty set.

SO − Spos =
4

ρ(βmin2 )2

(
1− βmin1

2

)
− 4

ρ
∑

i(β
MH
i )2

∝ 1− βmin1

2
− (βmin2 )2

(βMH
1 )2 + (βMH

2 )2

< 0

if σ2
1 > sO ≡ 2

ρv
and σ2

2 < z. The term zO satisfies Z(z, ρ, v) = 0, where

Z(z, ρ, v) ≡ −σ2
1(ρvσ2

1 − 2)

+2z(3 + 16ρvσ2
1 + 8ρ2v2σ4

1 + 4ρ3v3σ6
1)

+z2(15ρv + 68ρ2v2σ2
1 + 26ρ3v3σ4

1 + 12ρ4v4σ6
1)

+12z3(ρ2v2 + 4ρ3v3σ2
1)

+4z4(ρ3v3 + 4ρ4v4σ2
1).

Note that zO ∈ (0, 1
ρv

) because (i) Z(·) is increasing in z; (ii) limz→0 Z(·) =

−σ2
1(ρvσ2

1 − 2) < 0 as σ2
1 > sO ≡ 2

ρv
; and (iii) limz→ 1

ρv
Z(·) = 166σ2

1 + 37
ρv

+

41ρvσ4
1 + 20ρ2v2σ6

1 > 0.

Now consider

SO − Serisk =
4

ρ(βmin2 )2

(
1− βmin1

2

)
− 4σ2

2

(
c− 1

µc

)2

∝

(
1− βmin1

2

)
ρ(βmin2 )2

− σ2
2

(
c− 1

µc

)2

< 0,

if v sufficiently low and ρ sufficiently high. To see why, note that this term is

increasing in v and at the limit, as v → 0, it reaches 1
2ρ
− σ2

2

(
c−1
µc

)2

, which is

negative if ρ > ρO ≡ 1
2σ2

2

(
µc
c−1

)2
.

Proof of Proposition 3: Under integration, for Manager 2, we have:

∂W (β)

∂β2

= Φ′2(β2)− ρ

4
β2ϕ(eo1(β1))

= Φ′1(β1)− ρS

4
β2(q∗(µ, eo1(β1)))2

≡ ŵ2(β).
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Under non-integration, for Manager 2, we have:

∂V2(β2, e
o
1(β1))

∂β2

= Φ′2(β2)− ρ

4
β2ϕ(eo1(β1))

= Φ′1(β1)− ρS

4
β2(q∗(µ, eo1(β1)))2

≡ qw2(β).

In both structures, the resulting PPS is

β2 = βo2(eo1(β1)) =
1

1 + ρv
(
σ2

2 +
ϕ(M(θ,eo1(β1)))

4

) ∈ [βmin2 , βMH
2 ],

i.e., it equals Manager 2’s conditionally optimal PPS given the noncontractible

level of project effort exerted by Manager 1.

Under integration, for Manager 1, we have:

∂W (β)

∂β1

= Φ′1(β1)− ρ

4
β1ϕ(eo1(β1))

+
deo1(β1)

dβ1

(
E [Me1(θ, e

o
1(β1)]− ρ

8

∑
k

β2
k

∂ϕ(eo1(β1))

∂e1

− C ′(eo1(β1))

)

= Φ′1(β1)− ρS

4
β1(q∗(µ, eo1(β1)))2

+
deo1(β1)

dβ1

(
q∗(µ, eo1(β1))− ρS

4

∑
k

β2
kq
∗(µ, eo1(β1))− ceo1(β1)

)
≡ ŵ1(β),

whereas under non-integration:

∂V1(β1, e
o
1(β1))

∂β1

= Φ′1(β1)− ρ

4
β1ϕ(eo1(β1))

+
deo1(β1)

dβ1

(
1

2
E [Me1(θ, e

o
1(β1)]− ρ

8
β2

1

∂ϕ(eo1(β1))

∂e1

− C ′(eo1(β1))

)
= Φ′1(β1)− ρS

4
β1(q∗(µ, eo1(β1)))2

+
deo1(β1)

dβ1

(
1

2
q∗(µ, eo1(β1))− ρS

4
β2

1q
∗(µ, eo1(β1))− ceo1(β1)

)
≡ qw1(β1).
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Comparing:

ŵ1(β)− qw1(β1) =
deo1(β1)

dβ1

(
1

2
q∗(µ, eo1(β1))− ρS

4
β2

2q
∗(µ, eo1(β1))

)
∝ 1− ρS

2
β2

2 .

Recall that β2 = βo2(eo1(β1)) = 1

1+ρv

(
σ2
2+

ϕ(M(θ,eo1(β1)))

4

) ∈ [βmin2 , βMH
2 ]. Hence

ŵ1(β)− qw1(β1) ∝ 1− ρS
2

(βo2(eo1(β1)))2 ≡ t(β1).

Given UI, t(β1) is positive for any β1. To see why, note that, (i) when S <

SU , by the definition of SU , we have 1 − ρS
2

(βo2(eo1(β1)))2 ≥ 1 − ρS
2

(βMH
2 )2 ≥

1 − ρSU
2

(βMH
2 )2 = 1 − (βMH

2 )2

(βMH
2 )2

= 0. Furthermore, (ii) when σ1 < σ2, we have

1 − ρS
2

(βo2(eo1(β1)))2 ≥ 1 − ρS
2

(βMH
2 )2 ≥ 1 − ρSepos

2
(βMH

2 )2 = 1 − 2
(βMH

2 )2∑
i(β

MH
i )2

≥

1−
∑
i(β

MH
i )2∑

i(β
MH
i )2

= 0. Hence β̂1 > qβ1, and therefore ê1 = eo1(β̂1) > eo1(qβ1) = qe1. As a

result, β̂2 < qβ2. Given OI, for any β1, t(β1) ≤ 1− ρSO

2
(βmin2 )2 = 1−2

(
1− βmin1

2

)
=

−(1− βmin1 ) < 0. Hence β̂1 < qβ1, and therefore ê1 = eo1(β̂1) < eo1(qβ1) = qe1. As a

result, β̂2 > qβ2.

Lastly, to see that the integrated M-form results in higher welfare under both

UI and OI, i.e., Ŵ > |W , note that Ŵ =
∑

i Vi(β̂i, e
o
1(β̂1)) and observe that,

under the M-form, the principal could choose β = qβ. By revealed preference, it

follows that
∑

i Vi(β̂i, e
o
1(β̂1)) >

∑
i Vi(

qβi, e
o
1(qβ1)).
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Appendix B: The input-risk link for more general

M(·)-functions

In this appendix, we analyze in greater generality the properties of the technology

that give rise to the link between specific inputs and output risk. Specifically,

we assume that the project surplus M(q, θ, x) is a function of the project scale,

q ∈ R+, a specific input, x ∈ R, and the realization of the state of the world,

θ ∈ R, which is drawn from a commonly known distribution. We assume M(·) is

a twice-differentiable function. We ignore the input cost and simply treat x as

exogenous. For given input x and state θ, the optimal project scale is q∗(θ, x) ∈

arg maxqM(q, θ, x). We assume that the input x is efficiency-enhancing, both in

levels and at the margin, and that the choice of project scale is well behaved,

pointwise (subscripts denote partial derivatives).

Assumption A2 For any (q, θ, x): Mx > 0, Mqx > 0, Mqq < 0.

By Assumption A2, x has a (mechanical) positive effect on the expected

value of the gross surplus, Eθ[M(q∗(θ, x), θ, x)], both in terms of levels and at

the margin, as the project scale q increases.

Proposition 4 Given A2, V ar(M(q∗(θ, x), θ, x)) is increasing in the specific

input x, if, for any (q, θ, x), all of the partial derivatives (Mθ, Mθq, Mθx) have

(weakly) the same sign.

Proof: By definition, V ar(M(q∗(θ, x), θ, x)) = E[M(q∗(θ, x), θ, x)2]−(E[M(q∗(θ, x), θ, x)])2.

Using the definition of covariance,

dV ar(M(q∗(θ, x), θ, x))

dx
= E

[
2M(q∗(θ, x), θ, x))

dM(q∗(θ, x), θ, x)

dx

]
−2E[M(q∗(θ, x), θ, x)]E

[
dM(q∗(θ, x), θ, x)

dx

]
= 2 · Cov

(
M(q∗(θ, x), θ, x),

dM(q∗(θ, x), θ, x)

dx

)
.
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Applying the Envelope Theorem, we have:

dM(q∗(θ, x), θ, x)

dθ
=

∂M(·)
∂θ

+
∂M(·)
∂q

∂q∗(·)
∂θ

= Mθ(·) (18)

and

d2M(q∗(θ, x), θ, x)

dxdθ
=

d

dx

(
∂M(q∗(θ, x), θ, x)

∂θ

)
= Mxθ +Mqθ

∂q∗(·)
∂x

= Mxθ +MqθMqx

(
−M−1

qq

)
. (19)

By A2, Mx(q, θ, x) > 0, Mqx(·) > 0, Mqq(·) < 0, for any (q, θ, x). Hence using re-

sults of Schmidt (2003) on the covariance of monotone functions, V ar(M(q∗(θ, x), θ, x))

is increasing in the specific input x, if the partial derivatives (Mθ(q, θ, x), Mθq(·), Mθx(·))

all have (weakly) the same sign for any (q, θ, x).
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Appendix C: Global concavity

Benchmark: contractible (monetary) investments: We begin with the

contractible benchmark solution. To see why the principal’s payoff under the

contractible benchmark is globally concave, consider the Hessian matrix:

H =


Wk1k1 Wk1β1 Wk1β2

Wβ1k1 Wβ1β1 Wβ1β2

Wβ2k1 Wβ2β1 Wβ2β2

 .
Now:

Wk1k1 = 1− f − ρS

4

∑
i

β2
i < 0, because f > 1;

Wβik1 = −ρS
2
q∗(µ, k1)βi < 0, i = 1, 2;

Wβ1β2 = 0;

Wβiβi = −1

v
− ρσ2

i −
ρS

4
(q∗(µ, k1))2 < 0, i = 1, 2.

The first principal minor of the Hessian is negative: D1 = Wk1k1 < 0, if f > 1.

To show that the second principal minor is positive, note that

D2 = Wk1k1Wβ1β1 −Wβ1k1Wk1β1

=

(
f − 1 +

ρS

4

∑
i

β2
i

)(
1

v
+ ρσ2

1 +
ρS

4
(q∗(µ, k1))2

)
−
(
ρS

2
q∗(µ, k1)β1

)2

is increasing in f and limf→∞D2 → ∞. Hence D2 > 0 for sufficiently high f .

Similarly, to show that the third principal minor is negative, note that

D3 = Wk1k1Wβ1β1Wβ2β2 −Wk1β1Wk1β1Wβ2β2 −Wk1β2Wβ1β1Wk1β2

= −

(
f − 1 +

ρS

4

∑
i

β2
i

)(
1

v
+ ρσ2

1 +
ρS

4
(q∗(µ, k1))2

)(
1

v
+ ρσ2

2 +
ρS

4
(q∗(µ, k1))2

)
+

(
ρS

2
q∗(µ, k1)β1

)2(
1

v
+ ρσ2

2 +
ρS

4
(q∗(µ, k1))2

)
+

(
ρS

2
q∗(µ, k1)β2

)2(
1

v
+ ρσ2

1 +
ρS

4
(q∗(µ, k1))2

)
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is decreasing in f and limf→∞D3 → −∞. Hence D3 < 0 for sufficiently high f .

This completes the proof of global concavity of the principal’s objective function

in the contractible investment benchmark.

Noncontractible investments: We now turn to noncontractible invest-

ments. First we note that the investing manager’s payoff is concave in k1 for

any β1 ∈ [0, 1] and f sufficiently high. To see why recall that Manager 1’s choice

of investment maximizes (4). Taking the second derivative with respect to k1

yields β1

(
1
2
− ρS

4
β1 − f

)
≤ 0 for any β1 ∈ [0, 1] and f > 1

2
.

Non-integration (NI): To see why Principal 1’s payoff under NI is concave in

β1, note that, taking into account Manager 1’s investment choice, the second

derivative of Principal 1’s payoff V1(β1) is

d2V1(β1)

dβ2
1

= −1

v
− ρσ2

1 −
ρS

4
(q∗(µ, ko1(β1)))2 − dko1

dβ1

ρS

2
β1(q∗(µ, ko1(β1)))

+
d2ko1
dβ2

1

(
q∗(µ, ko1(β1)

2
− ρS

4
β2

1q
∗(µ, ko1(β1))− fko1(β1)

)
−
(
dko1
dβ1

)2(
f − 1

2
+
ρS

4
β2

1

)
− dko1
dβ1

β1q
∗(µ, ko1(β1))

ρS

2
.

It follows from inspection of (4) that ko1(β1) is independent of v, and there-

fore so are its derivatives
dko1
dβ1

and
d2ko1
dβ2

1
as well as the efficient trading quantity

q∗(µ, ko1(β1)) = µ + ko1(β1). As a result, d2V1(β1)

dβ2
1

is increasing in v. However,

limv→0
d2V1(β1)

dβ2
1
→ −∞. It follows that d2V1(β1)

dβ2
1

< 0 for sufficiently low v.

Principal 2’s payoff is also concave in β2, for any β1. To see why, note that

Principal 2 anticipates the choice of β1 made by Principal 1 and the resulting non-

contractible investment. Taking the second derivative on Principal 2’s objective

function V2(β2) yields: d2V2(β2)

dβ2
2

= − 1
v
− ρσ2

2 −
ρS
4

(q∗(µ, ko1(β1)))2 < 0.

M-form: The Principal of an integrated M-form maximizesW (β) ≡ W (ko1(β1), β1, β2).

The Hessian is:

H =

Wβ1β1 Wβ1β2

Wβ2β1 Wβ2β2

 ,
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where:

Wβ1β2 = −β2
ρS

2
q∗(µ, ko1(β1))

dko1(β1)

dβ1

> 0;

Wβ2β2 = −1

v
−
[
ρσ2

2 +
ρS

4
(q∗(µ, ko1(β1)))2

]
︸ ︷︷ ︸

≡G2

< 0;

Wβ1β1 = −1

v
−G1,

where

G1 ≡ ρσ2
1 +

ρS

4
q∗(µ, ko1(β1))

[
q∗(µ, ko1(β1)) + 4β1

dko1
dβ1

]
−
(
dko1
dβ1

)2
[

1− f − ρS

4

∑
i

β2
i

]

−d
2ko1
dβ2

1

[
q∗(µ, ko1(β1))− fko1(β1)− ρS

4
q∗(µ, ko1(β1))

∑
i

β2
i

]
.

To illustrate that Wβ1β1 < 0, for sufficiently small v, recall our previous obser-

vation that ko1(β1),
dko1
dβ1

,
d2ko1
dβ2

1
, and q∗(µ, ko1(β1)) are all independent of v. Note

that (i) Wβ1β1 is increasing in v, and (ii) limv→0Wβ1β1 = limv→0
d2V1(β1)

dβ2
1

= −∞.

Hence the first principal minor is negative if v is sufficiently low. By our previous

observation about ko1(β1),
dko1(β1)

dβ1
and

d2ko1(β1)

dβ2
1

, both G1 and G2 are independent

of v. The second principal minor then reads:

D2 = Wβ1β1Wβ2β2 −Wβ1β2Wβ1β2

=

(
1

v
+G1

)(
1

v
+G2

)
−
(
β2
ρS

2
q∗(µ, ko1(β1))

dko1(β1)

dβ1

)2

)2

.

We note that limv→0D2 =∞. By continuity, D2 > 0 for sufficiently low v.

This completes the proof of global concavity of the principal(s)’ objective

function for the case of monetary specific investments. The corresponding proof

for personally costly project efforts follows similar steps and is omitted.
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