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Abstract

This thesis is composed of three essays; each broadly related to conflicts of interests

within organisations.

First, “Internal Arbitrage: An Application to Multinational Enterprises”, studies the

conflict of interest between a multinational enterprise (MNE) and its joint venture part-

ners who are privately informed about local market conditions. MNEs can exploit the

segmentation between national markets through internal arbitrage by using internal

capital movements to lower profits in one country to raise them in another. This is gen-

erally not in the best interest of the outside investors who, given sufficient authority,

prevent internal arbitrage. The MNE’s problem thus consists of truthfully eliciting the

private information of its co-investors without delegating authority.

Second, “The Dark(er) Side of Full Surplus Extraction” considers a principal contract-

ing with one agent who possesses some relevant, private information in the canonical

adverse selection model with general quasi-linear preferences and type-dependent reser-

vation utilities. I derive the necessary and sufficient condition for full surplus extraction

(FSE). FSE occurs when the principal can design an incentive-compatible mechanism

in which the privately informed agent earns no information rents. Differently from pre-

vious FSE results known in the literature, I show that FSE can be efficiency decreasing.

At times, the FSE mechanism is optimal for the principal even though the best non-

FSE mechanism implies a higher total surplus.

Finally, “Private Benefits of Influence”, considers a conflict of interest between different

shareholders in a widely-held firm led by a professional manager. Empirical evidence

suggests that large shareholders – so called blockholders – earn excess returns per share,

i.e. private benefits. But without control, the blockholder must incentivise the manager

to extract private benefits on her behalf. She does this by either imposing low powered

incentives or by paying the manager a compensation premium. The blockholder can

potentially rely on dynamic incentive provision to achieve her goals. This embeds the

problem in the dynamic relationship between the blockholder and the manager. I show

that this shaped by the blockholder’s investment strategy: a blockholder with a passive

investment strategy – e.g. an index tracker – finds it easier to extract private benefits

than a blockholder who can invest and divest at will. Dynamically, a passive investment

strategy functions as a valuable commitment device to stay invested in the firm.
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Chapter 1

Internal Arbitrage
An Application to Multinational Enterprises

Abstract Large firms bridging multiple markets can engage in internal arbitrage; i.e.

lowering profits in one market to disproportionately raise them in another, through in-

ternal transactions - decided by authority, not market forces. Yet, firms are constrained

in two substantial dimensions: by policy and by any authority the firm has delegated

to co-owners in some of its parts. As a concrete example, I consider a multinational

enterprise (MNE) that may enter joint ventures abroad with local investors who are

better informed about local market conditions. Subsequently, the MNE can reallocate

externally-raised capital internally via an internal capital market. From the MNE’s

perspective, the internal arbitrage opportunity is embodied in the (adjusted) difference

between the market cost of external capital and the accounting cost of internal cap-

ital, fixed by the regulator. The MNE is limited by the outside investors co-owning

subsidiaries if they are given final authority over capital choices. The MNE’s problem

thus consists of truthfully eliciting the private information of its local partners without

delegating authority. This is achievable as long as the MNE has all the bargaining

power and is not subject to foreign ownership limitations.
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1.1. INTRODUCTION Internal Arbitrage

1.1 Introduction

Large firms interact with multiple, segmented markets characterised by different mar-

ginal costs and benefits. Whatever factors prevent these markets from integrating do

not necessarily affect the firm itself. Instead, firms may be able to exploit this market

segmentation to their advantage: by moving resources internally, firms can engage in

internal arbitrage, i.e. lowering profits in one market to more-than-proportionally in-

crease them in another. So defined, internal arbitrage is not an accounting trick, but

driven by real (internal) transactions. To understand how firms achieve this and what

constrains them, we cannot rely on price signals, as true markets are absent within firms.

Instead, we need to consider other concepts for resource allocation, namely authority:

which actor within the firm has the right to make a decision and which incentives does

this actor face. To understand internal arbitrage, we thus have to understand how

authority is allocated within the firm through its internal design.

This paper is concerned with illustrating the interrelation between internal resource

movements, authority, and how they shape internal arbitrage using a much discussed

type of large firm: multinational enterprises (MNEs). By definition, MNEs interact

with markets segmented by different national policies and business environments; not

least by tax rates and the cost of capital. In terms of internal resource allocation, I focus

on internal capital markets; internal, but international capital movements between sub-

sidiaries. On a highly stylised level, the structure of a MNE consists of one headquarters

(HQ), wholly owned subsidiaries, and joint ventures with outside investors who con-

tribute some valuable resource; here information about their local market unavailable

to HQ.

Internal arbitrage then presents a potential conflict of interest between the MNE and

its joint venture partners: in exchange for higher profits in one country, the MNE may

be willing to accept lower profits in another. But, as co-investors are only interested

2



Internal Arbitrage 1.1. INTRODUCTION

in their joint venture. They are hurt if they find themselves on the wrong side of the

internal arbitrage process and thus prevent internal arbitrage if given sufficient author-

ity. Adapting the “residual right of control” definition of ownership (Grossman and

O. Hart, 1986; O. Hart and Moore, 1990), I assume that final authority regarding any

choice not specified in an ex-ante contract accrues to the majority owner. Internal ar-

bitrage, thus, has to content with authority which is conferred by majority ownership.

All this indicates that the MNE has to solve a highly constrained problem. First, the

MNE is constrained by the need to incentivise the outside investors; both to participate

in the joint venture and to reveal their private information truthfully. The MNE can

provide these incentives through its internal design. But, the choice of ownership struc-

ture also pins down how authority is distributed which affects the internal transactions

the MNE can accomplish. Second, the MNE is constrained by regulation. On a prac-

tical level, profits have to be calculated, separately for each subsidiary. Subsidiary-level

profits are necessary for profit sharing in the joint venture and to assign tax liabilities

across countries. Yet, this is far from trivial in the presence of internal transactions:

as these are not conducted on a market, they are not associated with a well defined

market price. Instead, they are assigned an accounting price, i.e. a transfer price. Best

practices established by the OECD and incorporated into many tax codes establishes

that transfer prices should be set by the arm’s length principle: the transfer price should

equal the counterfactual market price as if the transaction had occurred between two

unrelated parties (OECD, 2020).

I model the internal reallocation of capital and joint venture formation together in an

incomplete contract framework in which only outside investors observe the cost of ex-

ternal capital in their country. The MNE, possessing no capital, sells subsidiary shares

to outside investors to incentivise them to truthfully reveal their private information.

But, joint ventures also entail a conflict of interest between the MNE and the outside

3



1.1. INTRODUCTION Internal Arbitrage

investors: the MNE tries to maximise its worldwide profits, while each outside investor

wants the profits of their subsidiary to be maximised. The MNE can propose an in-

ternal reallocation of capital, but may be limited by the outside investor’s authority. If

the outside investor is the majority owner, she can veto any transaction that is not in

her best interest.

I show that internal arbitrage through internal capital movements emerges in equilib-

rium if two conditions hold jointly: (i) the transfer price exceeds the external interest

rate at which the capital entered the boundary of the MNE and (ii) HQ has the author-

ity to make centralised decisions. A transfer price above the external cost of capital

implies an interest rate spread. If given sufficient authority, as under condition (ii), HQ

optimally exploits the internal arbitrage opportunity when choosing the internal capital

reallocation. In particular, subsidiaries in which the MNE is the majority owner borrow

more internally than would maximise their profits; a pattern that is more pronounced

in high-tax jurisdictions. This form of internal arbitrage has two connected but distinct

adverse consequences: first, in many countries, tax receipts are lower since subsidiary-

level profits are lower than possible. Profits are instead shifted to the internal lender

who faces a lower tax rate. Second, and more subtly, this increases the tax elasticity

of MNEs’ operations. The model thus suggest that the empirically well-established

higher tax sensitivity of MNEs’ operations can, at least partly, be explained by internal

arbitrage when decisions are partly centralised.

The role of outside investors is double-edged: if the outside investor has (and uses) the

authority to constrain HQ, she prevents internal arbitrage and ensures that subsidiary

profits are maximised. But, if the outside investor cannot or chooses not to prevent in-

ternal arbitrage, her presence increases the extent thereof as internal arbitrage imposes

a negative externality on outside investors. It implies lower-than-possible profits, some

of which are born by the outside investor and thus only partly internalised by HQ. This

4
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incentivises HQ to engage in more internal arbitrage in joint ventures than in wholly

owned subsidiaries.

In equilibrium, the MNE enters joint ventures with outside investors facing a relatively

low external interest rate, while subsidiaries operating under high external interest rates

are wholly owned by the MNE. As long as the MNE is unconstrained by foreign own-

ership limitation rules and can make take-it-or-leave-it offers, the MNE is always the

majority owner, choosing to centralise all decision making authority.

While of the analysis is focused on a positive description of internal arbitrage and its

implication for the capital and ownership structure of MNEs, I offer some potential

policy remedies at the end. Even though internal arbitrage could be prevented by

changing the regulations governing transfer prices, this is beset with many implement-

ation challenges. Instead, the possibility of internal arbitrage should be seen as support

for a (tax) system that does not rely on transfer prices; first steps towards which were

undertaken in the landmark 2021 OECD tax deal.

A short overview of the related literature follows.

MNEs, Tax Rates, & Internal Capital Markets A large literature investigates

the internal capital movements in MNEs. See Foley and Manova (2015) for a summary.1

A large part of the literature has focused on the use of internal debt for tax planning

purposes, so called debt shifting. Because of the tax-deductibility of internal interest

payments, MNEs shift profits by having low-tax subsidiaries lend capital to high-tax

subsidiaries (Collins and Shackelford, 1997; Egger, Eggert, Keuschnigg and Winner,

2010; Egger, Eggert and Winner, 2010; Goldbach et al., 2021; Jacob, 1996; Mintz

and Smart, 2004; Møen et al., 2019). Buettner and Wamser (2013) and Ramb and

Weichenrieder (2005) show that tax avoidance through debt shifting is limited and tax

1I focus on non-financial firms. See Reiter et al. (2021) for an investigation into the use of internal
debt by multinational banks.
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1.1. INTRODUCTION Internal Arbitrage

incentives cannot fully explain internal debt patterns. This indicates that some internal

process must limit this process.

Of particular relevance here is the theoretical study by Schindler and Schjelderup (2012)

on debt shifting with an endogenous ownership structure. The authors rationalise the

well established empirical fact that, compared to wholly owned subsidiaries, partly-

owned subsidiaries utilise less internal debt and that their debt choices are less reactive

to tax rates (Buettner and Wamser, 2007; Desai et al., 2004; Hebous and Weichenrieder,

2010; Mintz and Weichenrieder, 2005; Weichenrieder, 2009). My paper also matches

these empirical findings but the mechanism and implications for outside investors and

tax revenues are fundamentally different. In Schindler and Schjelderup’s (2012) analysis

the MNE carries the entire costs associated with debt shifting, while the benefits are

shared with the minority owner. This leads to a capital structure that is not tax-optimal

as the MNE “under-invests” in tax planning. But, the minority owners are made better

off as debt shifting affects taxable, not economic profits.2 Taxable profits are higher

than they would be for a wholly owned subsidiary. In my model, the optimal internal

capital flows leave co-owners in joint ventures worse off: here, profit shifting occurs

through internal arbitrage, resulting in over-borrowing and lower economic profits. This

encourages centralisation of authority and decision making as outside investors have an

incentive to block these transactions. This result is supported by empirical results

reported by Desai et al. (2004): the authors observe a decline in joint venture usage

of U.S. MNEs. They argue that this process can be partly explained by an increase in

tax planning activities by MNEs leading to conflicts of interests “between joint venture

partners concerned with local profits and multinational parents concerned with global

2In general, Schindler and Schjelderup (2012) and other papers in the debt shifting literature model
the tax environment in more detail. They, for example, incorporate the role of equity financing. I also
simplify the policy environment by abstracting away from issues such as thin capitalisation rules. See
Gresik et al. (2017) for a discussion. These issues, while important, are not of first-order importance
for the mechanism studied here.

6
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profits” (Desai et al., 2004, p. 325).

Transfer Pricing The study of optimal transfer pricing rules has a long tradition in

economics (Göx and Schiller, 2006; Hirshleifer, 1956; Holmström and Tirole, 1991,...)

and accounting (Abdel-Khalik and Lusk, 1974; Ronen and McKinney, 1970,...). Of

particular importance here is the study by Eccles and White (1988) who argue that

authority affects the optimal transfer price: if internal transactions are mandated cent-

rally, different transfer pricing rules imply different conflicts of interests between the

parties involved. Also related are the papers by Bertrand et al. (2002) and Kant (1988;

1990 )who show that MNEs can use transfer pricing manipulations to partly expropri-

ate minority shareholders.3 Generally, a large literature has studied optimal transfer

pricing rules. A non-exhaustive review of the optimality conditions of different transfer

pricing rules is provided in Table 1.1, which indicates that no single, optimal trans-

fer pricing rule exists, instead it depends on the firm and market structure. This is

of practical concern, since, for MNEs, the transfer pricing rule is dictated by policy-

makers. I show that internal arbitrage emerges in equilibrium for all transfer pricing

rules except for marginal cost transfer pricing which is associated with considerable

implementability concerns as marginal costs are difficult to measure or elicit. I also

show that even without manipulations, any principle other than marginal cost transfer

pricing has harmful implications for minority shareholders if the MNE retains authority.

Theory of Internal Capital Markets The theory of internal capital markets has

mostly focused on the efficient capital allocation in the presence of agency concerns

between HQ and division managers, e.g. when managers are empire builders (Stein,

1997), engage in inefficient defensive investments (Rajan, Servaes and Zingales, 2000) or

3For general studies on transfer price manipulations by MNEs, see, for example, Davies et al. (2017)
and Samuelson (1982).

7



1.2. THE MODEL ENVIRONMENT Internal Arbitrage

inefficient influence activities (Wulf, 2009). Regardless of the specific agency problem,

these studies conclude that internal capital flows are distorted to incentivise managers.4

Compared to previous studies, I simplify the manager to act in the interest of the

majority shareholder to concentrate on the internal capital market with a conflict of

interest between co-owners.

Authority Starting with the the seminal contribution by Aghion and Tirole (1997),

a literature on the role of authority in economic relations and transactions developed.

This literature has investigated how authority should optimally be distributed within

a firm (Aghion, Rey and Dewatripont, 2004; Colombo and Delmastro, 2004; Graham

et al., 2015; Harris and Raviv, 2005; O. Hart and Moore, 2005; F. Li et al., 2009) and

its implication for firm boundaries (Alfaro et al., 2018; O. Hart and Holmström, 2010;

Rajan and Zingales, 1998; Van den Steen, 2010). I contribute to this literature by

investigating the consequences of authority for regulated internal transactions.

The rest of the paper is organised as follows: Section 1.2 sets up the model which is

then solved in Section 1.3. Section 1.4 discusses the results in more detail and Section

1.5 concludes.

1.2 The Model Environment

This section presents the model. Regularly used notation and abbreviations are sum-

marised in Appendix A.1.

The MNE has a fixed number S ≥ 3 of (potential) foreign subsidiaries, s ∈ S =

{1, ..., S}.
4Empirical studies on the efficiency of internal capital markets find mixed evidence (Almeida et al.,

2015; Devos and H. Li, 2021; Freund et al., 2021; Kolasinski, 2009; Ozbas and Scharfstein, 2010).

8
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Transfer Price Optimality Conditions Source

Full Information Models

Market price
Perfectly competitive market without transac-
tion costs.

Hirshleifer
(1956)

Marginal cost • Upstream firm: monopolist in intermediate
goods market.
Downstream firm: monopolist in final goods
market.

• No intermediate goods market.

Hirshleifer
(1956)

Discounted mar-
ket price

Upstream capacity constraints. Baldenius and
Reichelstein
(2006)

Asymmetric Information Models
Standard cost
based pricing

• Unobservable productivity or cost.
• Costless communication.

Vaysman (1996)
and Wagenhofer
(2006)

Dual pricing • No collusion between divisions. Ronen and
McKinney
(1970) and Wa-
genhofer (2006)

(Re-)Negotiated
price

Two-sided hold-up problem. Che and Hausch
(1999) and Edlin
and Reichelstein
(1995)

Option contract Two-sided hold-up problem. Böckem and
Schiller (2004)
and Böckem and
Schiller (2008)

Marginal cost +
mark-up

One-sided hold up problem. Sahay (2003)

Table 1.1: Literature Review: Optimal Transfer Prices

Note: Table 1.1 reviews the literature on optimal transfer pricing rules. The Market price is the
price the internally traded good commands on an external market. Standard cost based pricing
sets the transfer price equal to production costs + private (effort) costs + information rents.
Dual pricing involves the buying division paying a lower price than the selling division receives;
the rest being made up by HQ (comparable to a subsidy). (Re-)Negotiated transfer prices are
based on Nash bargaining. Option contracts specify a default price schedule ex-ante. After all
uncertainty has realised, the parties can offer new contractual terms. One party decides the
quantity. All other parties decide if to accept the new contracts.

9



1.2. THE MODEL ENVIRONMENT Internal Arbitrage

Agents The model entails three types of agents: the MNE’s headquarters, outside

investors, and subsidiary managers. Headquarters (HQ - it) captures a share of sub-

sidiary profits equal to its equity stake es. An outside investor (OI - she) holds the

remaining equity 1 − es in one subsidiary and has a reservation utility of c ≥ 0. Each

outside investor holds equity in at most one subsidiary. The last type of agent is one

manager (he) per subsidiary acting on behalf of the majority shareholder. No agent is

borrowing constrained. All agents are risk neutral.

Minority & Majority Owner Depending on the equity structure, either HQ or the

outside investor is the majority owner of the subsidiary. HQ is the majority owner if

it holds an equity share above
¯
e ∈ (0, 1).5 Each outside investor requires a minimal

equity stake to consider herself an owner. Let ē >
¯
e denote the maximal stake HQ can

keep while having a participating outside investor.6

Subsidiary Financing Each subsidiary can receive working capital used in produc-

tion from two sources; either internally from HQ or from the local external capital

market. Let capital borrowed on the external market by subsidiary s be denoted by

Ks ≥ 0. Call Is ∈ R the internal capital flow from HQ to subsidiary s. Is > 0 indicates

internal debt, while Is < 0 implies that the subsidiary lends capital internally. The

total capital stock in subsidiary s is then Ks + Is. The internal capital flow has to

be approved by the manager on behalf of the majority owner. External and internal

borrowing are observable but cannot be contracted on.7 HQ starts the game without

5An natural cutoff for majority ownership is 0.5. But, HQ may achieve effective majority ownership
by owning with fewer shares, for example, because of the MNEs greater scope and/ or overall resources.

6Empirically, ē is often assumed to be 0.05 or 0.1. Smaller equity stakes are treated not as ownership,
but as portfolio investment.

7The complete non-contractability of borrowing choices might seem extreme, but this assumption
can be justified in multiple ways: first, Graham et al. (2015) show that capital allocation and corpor-
ate investment are amongst the corporate choices most often delegated within firms. Second, internal
transactions are generally governed less by contracts. It is well understood that ownership only mat-
ters when contracts are incomplete (Coase, 1937). So, even if the external borrowing and internal

10



Internal Arbitrage 1.2. THE MODEL ENVIRONMENT

any capital and does not borrow itself. So, any capital HQ wants to allocate to one

subsidiary, she has to take out of another subsidiary:
∑

s∈S Is = 0. Furthermore, a

subsidiary can only take part in the internal capital market if HQ holds some equity in

it: if es = 0, then Is = 0.

Environment Every subsidiary, s ∈ S, is characterised by its corporate tax rate

τs ∈ [0, 1) and the external interest rate rs ∈ (0, 1]. Internal capital flows are priced at

an exogenous internal interest rate of i.8

Information Structure The external interest rate rs is privately revealed to the

outside investor before the beginning of the game.9 Across subsidiaries, external in-

terest rates are independent draws from a standard uniform distribution: rs ∼ U(0, 1]

with mean r0 > i. The external interest rate is revealed to all actors after the man-

ager chooses Ks.
10 At the beginning of the game, the outside investor can send an

unverifiable message, r̂s. This message is observable to all actors in the MNE but

non-contractible.

The Contracts Before any other choice is made, HQ can decide to sell an equity stake

in its subsidiaries to incentivise outside investors to reveal their private information.

Let ecs denote the HQ’s equity stake specified in the contract. It therefore sells 1 − ecs

shares to the outside investors at a price Ps. All contracts are bilateral, but publicly

reallocation decisions are partly contractible, the non-contractible part is relevant here.
8The internal interest rate is assumed to be exogenous for two reasons: first, there exist strict

transfer pricing rules on capital. So, while MNEs have some discretion, the range for optimisation is
limited and subject to different rules and regulation (OECD, 2020). Second, I explicitly abstract away
from transfer pricing manipulation.

9The information structure can be interpreted in two ways: either, one may think of HQ as being
generally uninformed about lending conditions abroad. A second interpretation relies on relationship
banking (Bolton et al., 2016; Elyasiani and Goldberg, 2004): the outside investors, being locals, are
likely to have pre-existing relationships with local banks, allowing them to access capital more cheaply.
HQ is then uninformed about the interest rate that the outside investor can achieve.

10With the true interest rate revealed ex-post, if the announced interest rate was contractible, HQ
could write a forcing contract. This is ruled out by assumption.
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observable. If the outside investor participates, the contractual equity stakes become

the original equity stakes, ecs = e0s. Else, the subsidiary is wholly owned by HQ, e0s = 1.

In addition, the contract entails a put option for the minority owner:11 after observing

the external borrowing Ks, the minority owner can decide to sign all of their shares

over to the majority owner at a fair price, ps ≥ 0. The fair price equals the share of

subsidiary profits accruing to the minority owner, if production were to occur at this

stage (i.e. profits given Ks and Is = 0), as long as they are strictly positive and zero

else.12 The existence of the put option implies that the ownership structure may change

intermittently. Let es denote HQ’s final ownership share after the put option.

Payoffs Subsidiary revenues are assumed increasing and concave in total capital

where the concavity is governed by the parameter α ∈ (0, 1). Let Πs denote the post-tax

profits of subsidiary s:

Πs ≡ (1− τs)

[
1

α

(
Ks + Is

)α
− iIs − rsKs

]

HQ’s and the outside investors’ payoffs depend on the final equity stakes, es, since

dividends are payed out at the end of the game, i.e. after the put option. The outside

investor captures her share, 1 − es, of her subsidiary’s post-tax profits and pays the

share price Ps. Depending on the ownership structure, the outside investor may also

pay or receive the put option price, ps.

∀s ∈ S : us = (1− es)Πs − Ps ± ps

11Put opinions are a common feature of joint ventures shareholder agreements. Empirical evidence
suggest that put options are often used by minority owners to protect themselves against expropriation
by the majority owner (see for example Chemla et al. (2007) and Lerner and Schoar (2003)). Mantecon
and Chatfield (2007) report that 20% of joint ventures contracts included some option. Kogut (1991)
presents evidence that the price for joint venture options is usually not set ex-ante.

12By assumption, the put option is ’all-or-nothing’, i.e. the minority shareholder cannot put up part
of their shares.

12



Internal Arbitrage 1.2. THE MODEL ENVIRONMENT

HQ receives its worldwide profits and the price, Ps, for the shares it sells in each

subsidiary. The put option price, ps, enters HQ’s payoffs with either sign, depending

on the identity of the majority owner.

uHQ =
∑
s∈S

esΠs +
∑
s∈S

(Ps ∓ ps)

The structure of the model is illustrated in Figure 1.1. The evolution of the equity

stakes throughout the game is illustrated in Figure 1.2.

HQ
ICM:

∑
Is = 0

Subsidiary 1
Post-tax profits: Π1

Outside Investor 1
Private Info: r1

r1
iid∼ U(0, 1]

External Capital
Market 1

K1r1K1

I1e1Π1 + iI1
Contract
{e1, P1}

Announcement

(1− e1)Π1

Country 1
Tax rate: τ1

Country 2 Country 3

Figure 1.1: The MNE

Note: Figure 1.1 shows the structure of the MNE with three subsidiaries. Since the countries
only differ in the tax rate, τs, and the external interest rate, rs, I only open up Country 1 in
detail. Countries 2 and 3 are symmetric.

Timing The timing of the game is as follows.

t=1 HQ offers a subsidiary-specific menu of contracts to each potential outside in-

vestor, specifying HQ’s equity stake and the price for the remaining shares, as a

function of all outside investors’ announcements, r̂: {ecs(r̂), Ps(r̂)}s∈S . The par-

ticipating outside investors make an announcement, r̂s, and pay the price. If the

13



1.2. THE MODEL ENVIRONMENT Internal Arbitrage

outside investor participates, the original equity stake equals the one specified in

the contract, e0s = ecs; else e
0
s = 1. The majority shareholder in each subsidiary

hires a manager to act on their behalf.

t=2 Each subsidiary manager borrows externally on behalf of the majority owner,

Ks.

t=3 The true rs becomes publicly observable. All minority owners can exert their put

option at a price ps ≥ 0. HQ’s ownership share changes from e0s to es.

t=4 HQ proposes an internal reallocation of capital in a take-it-or-leave it fashion,

{Is}s∈S . The transaction occurs if the manager, on behalf of the majority share-

holder, agrees. Payoffs realise.

The solution concept is Perfect Bayesian Equilibrium.

t
Internal Capital

Market

External Capital Market

True rs revealed

pContractsp

ecs ∈ [0, ē]

Participation

e0s ∈ {ecs, 1}

Put Option

es ∈ {e0s, 1} if e0s ∈ [
¯
e, 1)

es ∈ {0, e0s} if e0s ∈ (0,
¯
e)

Payoffs

Figure 1.2: The Evolution of the Equity Stakes

Note: Figure 1.2 shows the evolution of HQ’s equity stake in a given subsidiary s. HQ offers
an equity stake ecs to the outside investor in the contract. If the outside investor participates,
the original equity stake equals the one specified in the contract e0s = ecs. Else, the subsidiary
is wholly owned, e0s = 1. With the put option, the original equity stake can change again if
the subsidiary was originally a joint venture, yielding the final equity stake es. If the outside
investor, as the minority owner, uses her put option, the subsidiary becomes wholly owned
by HQ, es = 1. If HQ as the minority owner uses the put option, the subsidiary becomes a
standalone firm, es = 0.

I impose two mild assumptions on the subsidiaries.

Assumption A1 (Subsidiary Operations). The following assumptions apply to all

subsidiaries s ∈ S.
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A1.1 All subsidiaries must have a non-negative working capital stock: Ks + Is ≥ 0.

A1.2 Subsidiary-level profits are non-negative.

0 ≤ 1

α

(
Ks + Is

)α
− iIs − rsKs

In addition, I impose the following technical restrictions to simplify the analysis.

Assumption A2 (Technical Assumptions). The following assumptions apply through-

out and are common knowledge:

A2.1 There exists at least one subsidiary s ∈ S with rs < i and one subsidiary v ∈ S

with rv > i.

A2.2 Assume that the subsidiary space is sparse in the sense that:

∀r′ < i : Pr
(
∃s ∈ S : rs < r′

)
< Q

For some constant Q > 0.13

Notation: Let |x| denote the absolute value of the scalar x, while
(
#A

)
denotes the

cardinality of the set A. 1{·} is the indicator function. Ex(·) denotes the expectation

operator with respect to the random variable x, where the subscript is suppressed when

no confusion can arise. If xs denotes the value of some variable x of subsidiary s, then

x-s denotes the vector of all subsidiaries not-s and x refers to the vector containing

all subsidiaries. For a general function f(x; y), the elements x before the semicolon

represent endogenous choices, while the elements y after the semicolon are exogenous

parameters.

13For a longer discussion of Assumptions A1.1, A1.2, and A2.2, see Section 1.4.4.
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1.3 The Equilibrium

I now proceed to solve for the Perfect Bayesian Equilibrium by backward induction.

Section 1.3.1 solves for the optimal internal re-distribution of capital. The optimal

use of the put option is discussed in Section 1.3.2. Section 1.3.3 contains the optimal

external borrowing. Finally, Section 1.3.4 solves for the optimal contracts between HQ

and the outside investors which pin down the structure of the MNE.

1.3.1 Internal Capital Market

At time t = 4, the internal reallocation of capital occurs. The proofs for this section

are collected in Appendix A.2.

Since the internal redistribution occurs after the put option, the relevant equity shares

to consider are the final ones, es for HQ and 1− es for the outside investor.

HQ first proposes an internal capital flow to each subsidiary which is then accepted or

vetoed by the manager on behalf of the majority owner. Let I∗s denote the manager’s

optimal acceptance rules (for the exact expressions, see in Lemma 8 in the appendix).

Since HQ can always propose an internal capital flow of zero, it is without loss of

generality to restrict HQ to only propose internal capital flows that are accepted on

path. Let I∗∗s denote the internal capital flow that is optimally proposed and accepted.

Since HQ starts the game without any capital, any capital it wants to lend to one, it

has to borrow from a an other subsidiary. This results in an internal capital market

clearing constraint: ∑
s∈S

I∗∗s = 0

Let µ denote the Lagrange multiplier associated with this internal capital market clear-

ing constraint in HQ’s problem when deciding on the internal capital flows. Let µ∗

denote the optimum which is a crucial component of the problem. It measures the cost
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to HQ of relaxing the internal capital market clearing constraint by one unit.

Definition D1 (Shadow Price of Internal Capital). The Lagrange multiplier associated

with the internal capital market clearing constraint, µ∗, is the shadow price of internal

capital.

We can now define the two relevant internal capital levels: first, the internal capital

flow that leaves the outside investor just indifferent between accepting and vetoing

HQ’s proposal, Īs ≡ Ī(Ks). Intuitively, this is the most “extreme” internal capital flow

the manager is willing to accept if the outside investor acts as the majority owner.

This level of internal capital only depends on the amount of external borrowing the

subsidiary has done. The second relevant internal capital level is the one preferred by

HQ, i.e. the internal capital flow that maximises HQ’s worldwide profits IUs . We will

see that, apart from boundary cases when the profit non-negativity Assumption A1.2

is binding, this capital level depends on HQ’s final equity stake in that subsidiary, es,

on the tax rate, τs, and on the shadow price of internal capital, µ∗.

Definition D2 (Capital Levels). Define the following capital levels:

Outside Investor’s Point of Indifference Let Ī(Ks) ̸= 0 denote the internal cap-

ital flow that leaves the outside investor just indifferent between accepting and

vetoing, such that us
(
Ps, Ks, 0

)
= us

(
Ps, Ks, Īs

)
.

HQ-Preferred Capital Level Let IUs (es, µ
∗, Ks) denote the internal capital flow HQ

prefers.

∀s ∈ S : IUs (es, µ
∗, Ks) = min

{[
es(1− τs)

µ∗ + es(1− τs)i

] 1
1−α

,
¯
Is

}
−Ks

Where
¯
I(Ks) is the internal capital flow that implies zero subsidiary profits: 0 =

1
α

(
Ks +

¯
Is
)α − i

¯
Is − rsKs.
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IUs (es, µ
∗, Ks) maximises HQ’s payoffs solely subject to the constraints imposed by

Assumption A1. But, it is not always implementable if HQ is the minority owner, since

the manager may use his veto power on behalf of the outside investor. In that case, HQ

is additionally constrained by the internal capital flow that leaves the outside investor

indifferent, Īs(Ks).

Proposition 1 (Internal Capital Flows). The internal capital flow proposed to and

accepted by the manager of subsidiary s depends on both the identity of the majority

owner of s and, potentially, on the extent of the conflict of interest between HQ and the

outside investor.

1. If HQ is the majority shareholder of s, HQ always implements its preferred in-

ternal capital flow: I∗∗s = IUs (es, µ
∗, Ks).

2. If subsidiary s is majority owned by the outside investor, the subsidiary is only

involved in the internal capital market if the internal reallocation HQ prefers, IUs ,

and the internal capital flow that leaves the outside investor indifferent, Īs, are of

the same sign. If so, the smaller one in absolute value is implemented.

I∗∗s =


IUs (es, µ

∗, Ks) if IUs (es, µ
∗, Ks)Īs > 0 &

∣∣IUs (es, µ∗, Ks)
∣∣ ≤ ∣∣Īs∣∣

Īs if IUs (es, µ
∗, Ks)Īs > 0 &

∣∣IUs (es, µ∗, Ks)
∣∣ > ∣∣Īs∣∣

0 if IUs (es, µ
∗, Ks)Īs ≤ 0

Proposition 1 is illustrated in Figure 1.3.

Proposition 1 shows that, for the outcome of the internal capital market, the identity of

the majority owner matters. If HQ is the majority owner, it can always, by definition,

implement its preferred internal capital flow, I∗∗s = IUs : if es ≥
¯
e, HQ is authority

unconstrained. If the outside investor is the majority owner, on the other hand, the
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IUs

Īs

I∗∗s = IUs

I∗∗s = IUs

I∗∗s = IUs

I∗∗s = IUs

(a) HQ as Majority Owner

IUs

Īs

I∗∗s = 0

I∗∗s = 0

I∗∗s = Īs

I∗∗s = IUs

I∗∗s = Īs

I∗∗s = IUs

(b) Outside Investor as Majority Owner

Figure 1.3: Realised Internal Capital Flows

Note: Figure 1.3 shows the realised internal capital flows; Figure 1.3a shows the case of HQ
acting as the majority owner, Figure 1.3b shows the case of the outside investor acting as the
majority owner. The realised internal capital flow, I∗∗s , is drawn in the space spanned by the
internal redistribution leaving the outside investor just indifferent, Īs, and the internal capital
flow preferred by HQ, IUs . In the green areas, HQ can implement its preferred capital level, IUs .
In the orange areas, HQ is limited to implement the internal capital flow leaving the outside
investor indifferent, Īs. In the grey areas, no internal capital flow occurs.

internal reallocation cannot lower the subsidiary profits as this would trigger a veto.

HQ can still implement its preferred capital level, IUs if its preferred outcome does not

leave the minority owner worse off than she was before the internal reallocation. HQ

and the outside investor have to agree whether the subsidiary should act as an internal

lender or borrower (IUs and Īs are of the same sign) and HQ’s preferred capital flow has

to be less “extreme”, i.e. closer to zero than the capital flow that leaves the outside

investor indifferent between accepting and vetoing (
∣∣IUs ∣∣ ≤ ∣∣Īs∣∣). Else, HQ is authority

constrained. Then, HQ chooses the internal reallocation closest to its preferred level

that is still implementable. If the outside investor and HQ agree on the direction of the

internal capital flow (IUs Īs > 0), but HQ’s preferred internal reallocation is larger in

absolute value than the level that leaves the outside investor indifferent, the subsidiary

still takes part in the internal capital market, but only to the extent that leaves the
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payoffs of the outside investor unchanged, I∗∗s = Īs. Lastly, some subsidiaries may not

participate in the internal capital market at all, I∗∗ = 0, if HQ and the outside investor

do not even agree on the direction of the internal capital flow (IUs Īs ≤ 0).

The capital level HQ wants to implement in each subsidiary,Ks+I
U
s (es, µ

∗, Ks), depends

on the Lagrange multiplier on the internal capital market clearing constraint, µ∗, i.e. on

the shadow price of internal capital. This multiplier equals the marginal utility to HQ

from relaxing the internal capital market clearing constraint by one unit. In equilibrium,

this marginal utility has to equal the marginal cost. Relaxing the constraint can be

achieved by moving more capital out of a subsidiary, in particular, an internal lender.

Definition D3 (The Marginal Internal Lender). Let L denote the marginal internal

lender, i.e. the subsidiary who supplies the last unit of internal capital.

Definition D3 then allows us to write down an expression for the shadow price of internal

capital µ∗ with an economic interpretation: the shadow price of internal capital is given

by the change in the profits to HQ from the internal lender, L, as HQ varies the amount

of internal lending, |IL|.

Lemma 1 (Shadow Price of Internal Capital). As the marginal internal lender L lends

capital internally, the profits from its own production change. −µ∗ is then the HQ-

internalised share of this change in profits as the marginal unit of capital is lent out

internally:

−µ∗ = eL(1− τL)

[(
i− reL

∂KL

∂|I∗∗L |

)
−
(
KL − |I∗∗L |

)α−1
(
1− ∂KL

∂|I∗∗L |

)]

Even though KL has already been chosen and can be regarded as fixed in t = 2, when

the external borrowing takes place, the manager will anticipate this choice and adjust

KL appropriately, thus, potentially, ∂KL
∂|I∗∗L | ̸= 0.
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1.3.2 The Put Option

At t = 3, the minority shareholders can exercise their put option. At this stage, the

true interest rates rs have been revealed. The proofs for this section are collected in

Appendix A.3.

Since we are considering when the minority shareholder wants to exercise the put option,

we need to consider the original equity shares e0s for HQ and 1 − e0s for the outside

investor.

By definition, the fair price equals the share of subsidiary profits under Ks as long as

these are positive. Else, the fair price is taken to be zero.

ps =


max

{
e0s(1− τs)

[
1
α
(Ks)

α − rsKs

]
, 0
}

if e0s < ¯
e

max
{
(1− e0s)(1− τs)

[
1
α
(Ks)

α − rsKs

]
, 0
}

if e0s ≥ ¯
e

The main result concerning the put option is summarised in the following proposition.

The detailed expression can be found in Lemma 10 in the appendix.

Proposition 2 (The Put Option). The put option is equivalent to an intermediate

participation constraint for the minority shareholder. Minority shareholders use their

put option if the subsequent internal reallocation of capital lowers their payoffs.

Proposition 2 shows how the minority owners can use the put options to protect them-

selves. Consider the outside investor: if, after the external borrowing has occurred,

the internal capital market is expected to lower the outside investor’s payoffs, the put

option allows her to “opt-out”. Equally, for HQ, the put option is used for protection:

consider a subsidiary with e0s < ¯
e. If the manager, on behalf of the outside investor,

chose the external borrowing, Ks, in such a way that HQ would be forced to engage in

an internal reallocation that is not in its best interest, HQ can simply use its put option.
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While the outside investor uses the put option to protect her share of the subsidiary

payoffs, HQ relies on the put option to guarantee the integrity of the internal capital

market.

1.3.3 External Subsidiary Borrowing

At t = 2, the subsidiary managers borrow capital on the external market, based on the

expected external interest rate res, to maximise the profits of the majority owner. Let

the optimal external borrowing be denoted K∗
s . The proofs for this section are collected

in Appendix A.4.

I make an auxiliary assumption to be proven later, to avoid discussing many cases that

are never relevant on-path.

Auxiliary Assumption AA1. There exists at least one subsidiary s ∈ S with res < i

and one subsidiary v ∈ S with rev > i.

The Auxiliary Assumption AA1 simply states that Assumption A2.1 carries over to the

expected values. In equilibrium, this is ensured by the revelation principle (see Section

1.3.4).

We first return to the question of internal lenders and the shadow price of internal

capital. By assumption, each subsidiary can borrow externally at a constant interest

rate (see Section 1.4.3 for a relaxation). This implies that one subsidiary supplies the

entire internal capital market: the marginal internal lender from Definition D3 is the

unique internal lender. This subsidiary is chosen purely based on financial returns

of internal transactions. Take any subsidiary with an expected external interest rate

below the internal interest rate, res < i. When this subsidiary borrows externally to

pass the capital on internally, its post-tax profits increase by (1− τs)(i− rs) for every

unit of internally redistributed capital. A share es of this increase is internalised by HQ:
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accounting gains from the internal reallocation of capital ensue. The unique internal

lender is then chosen to maximise the accounting gains internalised by HQ.

Proposition 3 (Unique Internal Lender). In equilibrium, one subsidiary supplies all

internal capital.

L∗ = argmin
s∈S

{
es(1− τs)(r

e
s − i)

}
The unique internal lender determines the shadow price of internal capital which is

negative:

µ∗ = eL∗(1− τL∗)(reL∗ − i) < 0

The unique internal lender also pins down the shadow price of internal capital, µ∗.

−µ∗ measures HQ’s accounting gains from the internal redistribution since µ∗ are HQ’s

(negative) costs of relaxing the internal capital market clearing constraint.

With a negative shadow price of internal capital, HQ always wants to implement a

internal capital flow larger than the one that would maximise the borrower’s profits at

the internal interest rate i (see Remark 15 in the appendix). The intuition is again

straightforward: HQ earns eL∗(1−τL∗)(i−rL∗) > 0 on every unit of capital it redistrib-

utes internally: HQ is then willing to accept lower than possible profits in subsidiary

s by moving more capital than independently optimal into this subsidiary to increase

the profits of the internal lender. Internal arbitrage ensues. Accounting gains in the

internal lender have real effects on production, but not in the internal lender, but in

other subsidiaries.

The extent to which HQ is willing to lower the profits of some subsidiary s ̸= L∗ then

depends negatively on HQ’s final equity stake es:
14 the smaller its equity share, the

lower the weight of the lower-than-possible profits in HQ’s overall profits and the more

14Lemma 13 in the appendix re-states when the minority owner is anticipated to exercise their put
option.

23



1.3. THE EQUILIBRIUM Internal Arbitrage

the profit reduction in s falls onto the outside investor. This shows how internal arbit-

rage has externalities that HQ can exploit.

Anticipating the identity of the unique internal lender and the internal capital flows

to be implemented, the managers borrow externally to maximise the payoffs of the

majority shareholder. The unique internal lender borrows externally to maximise its

own profits from production and to ensure internal capital market clearing. All other

subsidiaries, s ̸= L∗, can be divided into two groups: those that borrow externally and

those who do not. All subsidiaries majority owned by HQ are fully internally financed:

from HQ’s perspective, internal capital is always preferable to external capital, since it

allows HQ to engage in internal arbitrage. More interesting is the case of subsidiaries

minority owned by HQ. One may expect the outside investor to always rely on the ex-

ternal market to ensure her preferred capital level is implemented. Yet, if the external

interest rate is sufficiently high and HQ’s equity stake is sufficiently high, this is not

the case. Then, the outside investor is willing to accept a capital level that is distorted

from her perspective, to avail herself of the lower internal interest rate. In this case,

HQ can implement its preferred capital level even though it is higher than the capital

level the outside investor would prefer at the internal interest rate,
[
1
i

] 1
1−α .

Proposition 4 (Optimal External Borrowing). The optimal external borrowing of the

subsidiary manager depends on the ownership structure and expected interest rates. Let

ŕ(e0s, µ
∗) > i be such that Ī

([
1
ŕ

] 1
1−α
)
= IUs

(
e0s, µ

∗,
[
1
ŕ

] 1
1−α
)
.

Unique Internal Lender Regardless of the ownership structure, the unique internal

lender, L∗, borrows externally so that its working capital level maximises its

profit from local production: K∗
L∗ + I∗∗L∗ =

[
1
re
L∗

] 1
1−α . Additionally, the unique in-

ternal lender borrows externally to ensure internal capital market clearing, I∗∗L∗ =

−
∑

s ̸=L∗ I∗∗s .
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External Borrowers The manager, s ̸= L∗, borrows externally if HQ is the minority

owner and (i) e0s <
(

1
1−α

) −µ∗
(1−τs)i or (ii) e0s ≥

(
1

1−α

) −µ∗
(1−τs)i and res ≤ ŕ(e0s, µ

∗).

Then, he does so to maximise the subsidiary’s profits based on the expected cost

of external capital: K∗
s =

[
1
res

] 1
1−α . If external capital is more expensive than

internal capital, the subsidiary borrows internally upto the outside investor’s point

of indifference, Īs. Else, the subsidiary does not participate in the internal capital

market: I∗∗s = Īs1{res ≥ i}.

Fully Internally Financed Subsidiaries If (i) HQ is the majority owner or (ii)

HQ is the minority owner and e0s ≥
(

1
1−α

) −µ∗
(1−τs)i and res > ŕ(e0s, µ

∗), then the

subsidiary does not borrow externally and receives the HQ-preferred capital level

internally: K∗
s = 0 and I∗∗s = IUs (es, µ

∗, 0).

Proposition 4 shows the importance of the ownership structure for internal arbitrage:

HQ’s equity stake is irrelevant for the subsidiary gaining from internal arbitrage, i.e.

the unique internal lender, L∗. But, the extend to which HQ can take full advantage

of the internal arbitrage opportunity by having internal borrowers not maximise their

own subsidiary-level profits depends on its equity stake. These are determined through

the contracts in the next stage.

1.3.4 The Optimal Contract

At t = 1, HQ offers a menu of contracts to each outside investors. Observing all

menus, each participating outside investor makes an announcement. HQ and each

outside investor then sign the relevant contract and the share price is transferred. The

proofs for this section are collected in Appendix A.5.

The Mechanism We are looking for a mechanism, {ecs(r̂s; r̂-s), Ps(r̂s; r̂-s)}s∈S , that

specify an equity stake, ecs, and a share price, Ps, for each subsidiary s ∈ S, conditional
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on the vector of announced external interest rates, r̂ = {r̂s, r̂-s}. HQ chooses the

mechanism to maximises its expected payoffs.

Each outside investor, privately informed about her external interest rate, rs, observes

all menus and decides whether to participate. If she does, she makes her announcement,

r̂s, to maximise her own return. Since all outside investors move simultaneously, each

outside investor makes these choices unaware of the external interest rates faced by all

other outside investors.15

By the revelation principle, it is without loss of generality to restrict our attention to

direct mechanisms in which each outside investor reports her type (i.e. the external

interest rate), r̂s, and does so truthfully, r̂∗s = rs for all s ∈ S. The equilibrium

direct mechanism is {ec∗s (rs; r-s), P ∗
s (rs; r-s)}s∈S . The revelation principal implies the

usual two constraints. Truth-telling is ensured by each outside investor’s incentive

compatibility constraints.

∀s ∈ S & ∀rs ∈ (0, 1] : rs ∈ argmax
r̂s

Er-s

(
us(r̂s; rs, µ

∗(r-s))
)

(ICs)

For outside investors to be willing to partake in the mechanism, their expected in-

formation rents have to weakly exceeds their reservation utility of c. This implies a

participation constraint for each outside investor:

∀s ∈ S : c ≤ Er-s

(
us(rs; rs, µ

∗(r-s))
)

(PCs)

HQ’s original equity stake, e0s, equals the equity stake offered in the contract, ecs, if the

outside investor chooses to participate. Else, the subsidiary is originally wholly owned,

e0s = 1. HQ may use the contracts to influence who participates. To keep notation con-

15As usual with multi-agent models, not just the principal, but all agents are also subject to asym-
metric information. Each agent’s relevant uncertainty is then about the type (or action) of all other
agents.
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cise, let S0
P denote the set of all subsidiaries in which an outside investor participates

originally: S0
P ≡ {s ∈ S : e0s < 1} with

(
#S0

P

)
= S0

P .

The revelation principle directly determines the equilibrium information structure. Un-

der truthful revelation, the expected external interest rate is then:

res =


r̂s if s ∈ S0

P

E(rs | s ̸∈ S0
P ) else

The Share Prices & Participation We will start the discussion with the share

prices, Ps(r̂s; r-s). While the exact expressions for the optimal share prices are releg-

ated to the appendix, it should be noted here that HQ optimally uses the share price

as a screening device. HQ’s only incentive to involve outside investors is to elicit the

cost of external capital to optimise the choice of the unique internal lender. HQ prefers

wholly owned subsidiaries when there is no reason to incentivise truth-telling. Those

subsidiaries with rs > i are surely undesirable as the internal lender, since HQ can be

sure that there exists at least one subsidiary with rv < i (by Assumption A2.1). Condi-

tional on being aware that rs > i, HQ has no interest in learning the subsidiary’s exact

external interest rate. The share price also governs which outside investors choose to

participate in the mechanism and, thus, which subsidiaries are originally joint ventures.

Participation is fully determined by the external interest rate.

Lemma 2 (Originally Wholly Owned Subsidiaries). The optimal share price, P ∗
s (rs; r-s),

ensures that all subsidiaries with rs > i are originally wholly owned by HQ:

∀s ∈ S with rs > i : e0s = 1

Lemma 2 implies that, ex-ante, each subsidiary s ∈ S has the same probability to be
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originally wholly owned by HQ: Pr(e0s = 1) = 1−i. Consequently, each outside investor

participates originally with probability Pr(e0s < 1) = i. This observation simplifies the

rest of the problem considerably.

Remark 1 (Quasi-Random Participation). The participation of each outside investor

is quasi-random in the sense that it only depends on whether the outside investor’s

random draw of the external interest rate, rs, falls above or below the internal interest

rate, i.

This quasi-randomness of participation implies that the cardinality and composition of

the set of participating outside investors, S0
P , is also quasi-random: HQ cannot know

which outside investors will optimally participate. Equally, an outside investor with

rs ≤ i does not know which other outside investors will self-select into participation.

This is relevant since the participating outside investors impose externalities on each

other at the contracting stage. From the perspective of the outside investor in s, all

other outside investors affect her in two ways. First, through her probability to become

the unique internal lender:

Pr(s = L∗ | r̂s) = Pr
(
ecs(r̂s; r-s)(1− τs)(r̂s − i) ≤ min

v∈S\s
e0v(1− τv)(rv − i)

)

And second, through the expected shadow price of internal capital if she does not

become the unique internal lender:

Er-s

(
µ∗ | s ̸= L∗) = Er-s

(
min
v∈S\s

e0v(1− τv)(rv − i)
)
| s ̸= L∗

)

Both depend on HQ’s original equity stakes in all other subsidiaries v ̸= s. But, these

original equity stakes follow endogenously from the equity stakes offered in the contracts

and the, ex ante unknown, external interest rates in all subsidiaries v ̸= s.
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HQ then uses the share price to solve two problems at once: it incentivises truth-

telling by internalising the externalities. Since all menus are publicly observable (and

there are no externalities on the non-participating agents), the principal internalises

all externalities the outside investors impose on each other (Segal, 1999, p. 348). This

facilitates truthful revelation by each outside investor due to the inherent incentive-

aligning property of profit sharing. Since the manager bases his external borrowing

choice on the announced (and thus expected) external interest rate, he always makes

the optimal choice given the announcement. Since the outside investor has an incentive

to ensure profits are maximised, her best course of action is to announce truthfully.16

The only incentive working against truthful revelation would be the outside investor’s

attempt to manipulate HQ’s choice of the internal lender – i.e. by trying to exploit

the externalities. But, since, as argued above, HQ internalises the full externalities the

outside investors impose on each other, this form of manipulation is impossible. The

optimal share price then ensures that all participating outside investors announce their

external interest rate truthfully for any equity share, ecs(·, r-s).

Lemma 3 (Truth-Telling). For any equity stake HQ specified in the contract, ecs, the

optimal share price ensures truth-telling.

∀ecs(·; r-s) ∈ (0, ē) & ∀r-s,∃P ∗
s (·; r-s) s.th.

rs ∈ argmax
r̂s

Er-s

(
us(r̂s; rs, µ

∗(r-s))
)

∀rs ∈ (0, 1]

16The assumption that the outside investor cannot secretly communicate with the manager without
HQ’s knowledge is essential.
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Each participating outside investor’s expected utility under truth-telling is given by:

∀s ∈ S & ∀rs ∈ (0, i] :

Er-s

(
u∗s(rs; rs, µ

∗(r-s))
)
= c+

+ Pr
(
ecs(rs; r-s) < ¯

e
)[
1− Er-s

(
ecs(rs; r-s)

∣∣ecs(rs; r-s) < ¯
e
)]
×

× (1− τs)

(
1

1− α

)([
1

rs

] α
1−α

−
[
1

i

] α
1−α
)

Regardless of the identity of the majority owner, a participating outside investor always

receives her reservation utility c. If, and only if, the outside investor becomes the major-

ity owner, for some r, does she expect to earn information rents above her reservation

utility. This is again driven by the externalities internalised by HQ: if, given all external

interest rates r, the outside investor is the minority owner, her private information is

only relevant if she becomes the unique internal lender. The external interest rate

only matters through the externalities, internalised by HQ. Ergo, the outside investor

cannot profit from her private information and is only left with her reservation utility.

But, if the outside investor acts as the majority owner, her subsidiary borrows extern-

ally without being the unique internal lender. Only then does the outside investor’s

private information affect the payoffs when excluding the externalities and she earns

information rents.

The Equity Stakes This simple structure of the outside investor’s utility also makes

the characterisation of the optimal equity stakes straightforward. First, HQ always

finds it feasible to make itself the majority owner and always does so in equilibrium.

This allows HQ to always engage each subsidiary in the internal capital market (either

as an internal borrower or lender) and maximises the number of subsidiaries that can be

used for internal arbitrage. Second, HQ sets its equity stake as high as possible, ecs = ē,
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in all contracts and for all external interest rates. To see why, consider HQ’s expected

payoffs if she only offers contracts making her the majority owner in all subsidiaries.

With probability Pr(rs > i) = 1− i, the outside investor does not participate and the

subsidiary is wholly owned by HQ. But, with probability Pr(rs ≤ i) = i, the outside

investor enters the joint venture, receives her reservation utility c, and the original

equity stake is the same as the one offered in the contract. No outside investor uses

her put option on path (see Lemma 13 in the appendix). Conditional on participation,

the equity stakes from the contract turn into the original equity stakes and are also

equal to the final equity stakes. With only majority owned subsidiaries, HQ’s expected

payoffs are then:

uHQ =i
∑
s∈S

(1− τs)

(
α

1− α

)
Eµ∗
([

ecs(1− τs)

µ∗ + ecs(1− τs)i

] α
1−α
)

− iSc

+ (1− i)
∑
s∈S

(1− τs)

(
α

1− α

)
Eµ∗
([

1− τs
µ∗ + (1− τs)i

] α
1−α
)

Now, assume that for some subsidiary v ∈ S, HQ has chosen an equity stake ecv ∈ [
¯
e, ē).

What are the consequences of increasing ecv? First, total profits, including returns

from internal arbitrage, increase if the subsidiary v ends up being an internal borrower.

We have seen that, when the internal lending is decided, internal arbitrage imposes

externalities on the outside investor and the lower HQ’s equity stake, the higher the

internal capital flow, and the lower subsidiary profits. But, ex ante, HQ internalises

the entire ex post profits through the share price – not just its own stake. This acts as

an incentive to HQ to set the equity stake as high as possible. HQ’s first-best outcome

is achieved only for wholly owned subsidiaries; only then, does HQ equalise its own full

marginal costs and benefits of internal arbitrage. Ergo, the higher HQ’s equity stake,

the closer it gets to its first-best outcome.

Second, increasing the equity stake increases the returns from internal arbitrage if the
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subsidiary becomes the unique internal lender by lowering the shadow price of internal

capital. If subsidiary v becomes the unique internal lender, internal arbitrage has an

ex post positive externality on the outside investor as she captures some of the returns

from arbitrage. This externality is stronger, the lower is HQ’s equity stake and implies

that, ex post, HQ implements less internal arbitrage than in its first-best. But, ex ante,

HQ again internalises the externality and, as before, has an incentive to set her equity

stake as high as possible to get as close as possible to her first best.17

In summary, all forces push HQ to keep the highest equity stake possible while still

ensuring that participating outside investors consider themselves owners.

Proposition 5 (Optimal Contracts). In each menu of contracts, for all announced

external interest rate, HQ specifies the largest equity stake possible:

∀s ∈ S & ∀r̂s & ∀r̂-s : ec∗s (r̂s; r̂-s) = ē

Outside investors with an external below the internal interest rate, rs ≤ i, choose to

participate, announce their external interest rates truthfully, r̂∗s = rs, and receive their

reservation utility, u∗s = c.

The optimal contracts have two direct implications that deserve a short comment.

Corollary 1. Under the optimal menu of contracts, all subsidiaries are majority owned

by HQ: for all s ∈ S with rs ≤ i, e0s = ē. All subsidiaries with rs > i are wholly owned

by HQ, e0s = 1. For all subsidiaries, the original equity stakes equal to final equity

stakes, e0s = es.

17This argument is reminiscent of an insight from Grossman and O. Hart (1986) and O. Hart and
Moore (1990): the ex ante ownership structure is chosen to ameliorate ex post inefficiencies stemming
from non-contractible choices. There, the ex post inefficiencies are driven by a hold-up problem and
sub-optimal investment, while here, the ex post inefficiencies stem from HQ trying to exploit the
outside investors when engaging in internal arbitrage. The parallels are not surprising as the entire
concept of (majority) ownership as the residual right of control has been borrowed from Grossman and
O. Hart (1986) and O. Hart and Moore (1990).

32



Internal Arbitrage 1.4. DISCUSSION

Corollary 1 might appear to be a very stark result. The complete absence of subsidiaries

in which the MNE is the minority owner is mostly driven by the assumed allocation

of bargaining power and the lack of policy constraints. (For a longer discussion, see

Section 1.4.2.) The result should be interpreted as saying that HQ always prefers to

be authority unconstrained: the opportunity for internal arbitrage dis-incentivises HQ

from delegating authority to outside partners.

The optimal contracts also pin down the probability with which a subsidiary becomes

the unique internal lender and thus the beneficiary of internal arbitrage.

Corollary 2 (The Optimal Contract & the Internal Lender). Under the optimal con-

tract, ex-ante, subsidiaries with lower tax rates are more likely to become the unique

internal lender.

Corollary 2 shows that, in expectation, internal arbitrage shifts profits from high tax to

low tax jurisdictions. It does not just distort production, but it does so to the detriment

of high tax jurisdictions.

1.4 Discussion

In this section, I discuss and address some issues raised by the model as presented

above. First, I tackle the predicted absence of subsidiaries in which HQ acts as the

minority owner. Section 1.4.3 expands on the result that only one subsidiary acts as

the internal lender. Some technical assumptions that were imposed in the main model

are discussed in Section 1.4.4. In Section 1.4.5, I discuss how the model can be applied

to uni-national large firms. I advance some policy proposals in Section 1.4.1. Finally,

Section 1.4.6 points towards some areas for future research.
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1.4.1 Policy Remedy

Under the current policy regime the transfer price should be set by the arm’s length

principle (OECD, 2020): to simplify broadly, when the internal lender L∗ lends to

a different subsidiary s, the correct arm’s length transfer price, iAL, is the interest

rate at which a lender with the characteristics of and in the country of L∗ would lend

a comparable amount to an unaffiliated company in the country of and with similar

characteristics as s.18 Generically, there is no reason to believe that iAL should equal

rL∗ . This wedge between iAL and rL∗ is sufficient to lead to internal arbitrage as an

equilibrium outcome. Thus arm’s length transfer pricing directly results in lower taxable

profits and an increased tax sensitivity. This holds true even without transfer pricing

manipulations – it is a direct consequence of the principle, not the execution.

This suggest that a possible solution to the problem of internal arbitrage lies in changing

the principle governing transfer pricing. But, theoretically, the only form of transfer

pricing that would prevent internal arbitrage is marginal cost transfer pricing. If the

transfer price, iMC , were to be set equal to the external cost of capital, rL∗ , the shadow

price would be zero by construction: µ∗ = eL∗(1 − τL∗)(rL∗ − iMC) = 0. No arbitrage

opportunity remains. The internal lender would be the subsidiary facing the lowest cost

of external capital, L∗ = argmins∈S{rs}. The internal capital market is only used to

supply capital to all subsidiaries at the lowest cost: All other subsidiaries would borrow

I∗∗s =
[

1
iMC

] 1
1−α =

[
1
rL∗

] 1
1−α internally. The increased tax sensitivity dissipates and

the efficiency enhancing property of the internal capital market is maximised. Every

subsidiary has access to capital at the lowest cost accessible to the MNE as a whole.

In addition, since no conflict of interest between joint venture co-owners remains, the

ownership structure would become irrelevant for the functioning of the internal capital

18Transfer pricing rules take into account that the allocation of risk, for example, may be different
in transactions between two independent entities.
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market. But, in practice, observing or truthfully eliciting marginal costs is difficult

(at best). While theoretically appealing, marginal cost transfer pricing is subject to

considerable implementation difficulties, especially once one allows for more complicated

forms of debt, e.g. collateralised obligations.19

As discussed in the literature review and illustrated in Table 1.1, many different transfer

pricing rules may be optimal depending on the exact assumptions on the economic

environment. The main conclusion of the theoretical analysis is that internal arbitrage

occurs for any transfer pricing rule that is not marginal cost transfer pricing. This

tension points to the advantages of a (tax) system in which transfer prices are simply

not needed. The landmark 2021 OECD tax deal signed by 136 countries representing

90% of world GDP makes first steps in this direction: under pillar one of the deal, part

of the tax liabilities of the largest MNEs are allocated by a revenue-based key, applied

to worldwide (residual) profits, encoding the amount of goods and services a MNE uses

in each country, regardless of where the MNE is incorporated (OECD, 2021). As this

system is not reliant on calculating subsidiary-level profits, it therefore has no need for

transfer prices (at least directly).

1.4.2 The Absence of Minority-Owned Subsidiaries

Corollary 1 shows that in equilibrium, all subsidiaries are majority owned by HQ.

Rather than interpreting this result literally, it should be seen as an indication that

internal arbitrage opportunities incentivise HQ to centralise decision-making authority.

There are two substantial assumptions driving the result: the assumed non-existence

of foreign ownership limitations and the assumed allocation of bargaining power.

19Whether eliciting true marginal costs is more difficult that eliciting true estimates of counterfactual
market prices as under the status-quo is a separate question. See Eccles and White (1988) for real
world examples of practical concerns associated with different transfer pricing rules.
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Foreign Ownership Limitations I assume that HQ is able to offer any contract it

wants, only subject to the outside investors’ participating and incentive compatibility

constraints. In reality, there might be regulations limiting how large of an equity stake

a foreign MNE may hold; so called foreign ownership limitations (FOL). See Mistura

and Roulet (2019) for a recent summary of the use of FOL around the world. Clearly,

if a government decides to prevent a MNE from being the majority owner, this would

generate subsidiaries in which HQ acts as the minority owner.

Allocation of Bargaining Power In the model, HQ can make take-it-or-leaver-it

offers when designing the structure of the MNE. HQ has all of the bargaining power.

While one may believe that MNEs are advantaged in bargaining with outside investors,

this is clearly a simplification.

While it goes beyond the scope of this paper to discuss the issue of bargaining in much

detail, we can easily discuss the other extreme. Let us assume that, in one country,

the outside investor can choose the equity stake HQ keeps. At the same time, HQ

continues to set the incentive compatible price. This continues to ensure that only

outside investors with rs ≤ i participate. Under these assumption, the outside investor

chooses HQ’s equity stake that maximises her utility as shown in Lemma 3.

Clearly, each outside investor with bargaining power would choose to be the majority

owner, as only then would she earn information rents above and beyond her reservation

utility. In particular, the outside investor prefers HQ’s equity stake to be as small

as possible. In this simple model, the outside investor would prefer to just own the

subsidiary by herself. (This should not be surprising as I do not model what the

MNE contributes to the joint venture, e.g. equity financing the outside investor cannot

shoulder herself.)
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1.4.3 Multiple Internal Lenders

A second result that may appear very restrictive is the unique internal lender result

from Proposition 3. This result is driven by two assumptions: (i) constant marginal

costs of external capital and (ii) the same transfer price for each internal transaction.

Increasing Marginal Cost In the main part of the model, I have assumed that each

subsidiary faces a constant marginal cost of external capital, rs. This is clearly a sim-

plification. Particularly, the internal lender borrows extensively on the external capital

market; not just to finance its own production but also to supply the internal capital

market. It is less than obvious that this can be achieved at constant marginal cost.

It seems possible, if not likely, that this amount of borrowing would imply increasing

marginal cost; an external interest rate that is increasing in the amount of external

borrowing.

The main consequences of allowing for increasing marginal cost is the emergence of

multiple internal lenders. Let L1 denote the first internal lender, L2 the second one,

and so on. And let the external interest rate depend on the amount of external borrow-

ing, rs(Ks), and let it be increasing therein, r′s(Ks) > 0, and convex r′′s (Ks) > 0.

To keep the discussion concise, let us also assume that, across countries, the ex-

ternal interest rates are simply level-shifted.20 Then, the first internal lender L1 is

the subsidiary that implies the highest returns from internal arbitrage evaluated at

zero external borrowing: L1 = argmaxs∈S
{
es(1 − τs)[i − rs(0)]

}
. The second in-

ternal lender, L2, is then the subsidiary with the second highest returns from arbitrage,

L2 = argmaxs∈S\L1

{
es(1− τs)[i− rs(0)]

}
, and so forth.

The first internal lender then borrows to fund its own operations and to supply the

internal capital market until eL1(1 − τL1)[i − rL1(KL1)] = eL2(1 − τL2)[i − rL2(0)], at

20For two subsidiaries, s, v ∈ S, and the same K ≥ 0, it holds that r′s(K) = r′v(K) and r′′s (K) = r′′v (K).
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which point the second internal lender L2 takes over and borrows to supply the internal

capital market. This process continues until the internal capital market clears. With

increasing marginal costs of external capital, the shadow price of internal capital also

increases with each unit of capital reallocated internally, which lowers the aggregate

“demand” for internal capital.

The rest of the model and equilibrium remains structurally unchanged; only the form

of the outside investor’s expected information rents now takes the more complicated in-

ternal lender selection into account. But, in equilibrium, HQ retains the largest equity

stake possible, the outside investors only earn their reservation utility, and subsidiaries

with lower tax rates remain more likely to become an internal lender.

Pair-Specific Transfer Prices So far, we have assumed that there is only one in-

ternal interest rate i, independent of the identity of the subsidiaries involved in the

internal transaction. This is a simplification: in practice, the internal interest rate

might depend on the identities of the internal lender and borrower. For any dyad of

subsidiaries, let is,v denote the internal interest rate when subsidiary s lends internally

to subsidiary v.

Then, the competition to becoming the unique internal lender occurs on the level of

the receiving subsidiary. Thus, there may be an unique internal lender for each sub-

sidiary borrowing internally. Consider a subsidiary v that is expected to borrow in-

ternally. The subsidiary acting as the internal lender for v is then characterised by

L∗
v = argmaxs∈S\v

{
e∗s(1− τs)(is,v− rs)

}
. This also implies a subsidiary specific shadow

price of internal capital µ∗
v = e∗L∗

v
(1− τL∗

v
)(rL∗

v
− iL∗

v ,v).

Not only do subsidiary-pair specific internal interest rates imply multiple lenders, they

imply potentially as many internal lenders as there are subsidiaries. Additionally, some

subsidiaries may act as internal lenders and internal borrowers simultaneously, allowing
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for more complex internal capital flows.

As with increasing marginal costs, pair-specific internal interest rates affect the expec-

ted subsidiary profits and, thus, the outside investors’ expected information rents. But,

the structure of the equilibrium remains unchanged.

1.4.4 Discussion of the Some Technical Assumptions

Some assumptions made in Section 3.3 deserve a short comment.

Non-Negative Working Capital Stock Assumption A1.1 necessitates that, in each

subsidiary, the working capital stock is non-negative, Ks + Is ≥ 0.

This assumption implicitly states that we are only interested in subsidiaries involved in

production or some other real activity for which capital is needed. The analysis here

thus does not necessarily apply to subsidiaries that only exist to optimise tax liabilities;

e.g. small subsidiaries in offshore tax havens. These subsidiaries, at least sometimes,

only exist to hold intellectual properties or as an conduit for financial transactions.

These subsidiaries are important but a full study of the organisation effects of tax

planning falls outside the scope of this paper.

Non-Negative Subsidiary Profits Assumption A1.2 states that, after the internal

and external capital market, the subsidiary has to make non-negative profits, Πs ≥ 0.

In equilibrium, this assumption is binding whenever e0s(1 − τs)i ≤ −µ∗. Then, HQ

would prefer subsidiary s to borrow an infinite amount of capital internally, resulting in

infinitely negative profits. This is optimal for HQ (in time period t = 4, not ex-ante) as

the constant marginal return from internal arbitrage −µ∗ exceeds the constant marginal

cost from internal arbitrage, e0s(1− τs)i. Clearly, an infinite capital stock is nonsensical

and relies heavily on a constant shadow price of internal capital and thus a constant
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external interest rate for the internal lender. This has already been discussed above.

Alternatively, one may assume that the subsidiary-level profits are allowed to be neg-

ative but bounded from below, Πs ≥
¯
Π for some negative

¯
Π. The analysis presented

above would not change meaningfully, except from the introduction of one additional

difficulty: the outside investor uses her put option on path whenever the realisation of

the shadow price of internal capital implies negative subsidiary profits. The probability

that an outside investor uses her put option would then be higher if HQ’s equity stake

is lower. The main consequence then relates to the optimal equity stakes: in the main

analysis, all forces push HQ to keep as high an equity stake as possible. This is no

longer true if the outside investor may use her put option. Conditional on having learnt

the outside investor’s private information, HQ prefers wholly owned subsidiaries to joint

ventures. This presents an incentive to HQ to offer lower equity stakes in (some) con-

tracts. HQ still remains the majority owner in all subsidiaries but by lowering (some)

equity stakes, HQ increases the probability of having more outside investors opt-out

intermittently and remaining with more wholly owned subsidiaries.

Sparse Subsidiary Space Assumption A2.2 states that the subsidiary space is suf-

ficiently sparse such that the probability that any subsidiary faces an external interest

rate below the internal interest rate, i, is sufficiently small. This assumption is crucial

for the screening result: HQ only involves outside investors to learn about the finan-

cing conditions in their country to optimally choose the unique internal lender. If the

subsidiary space is sufficiently dense, it might be optimal for HQ to screen at an ex-

ternal interest rate r′ < i. This has two advantages from HQ’s perspective: first, by

involving fewer outside investors, HQ can save on the reservation utility of c for each

outside investor with rs ∈ [r′, i]. Second, more subsidiaries are wholly owned by HQ

(since fewer outside investors participate) which HQ prefers to joint ventures. But this
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comes at a cost – the risk of having no participating outside investors and remaining

uninformed about all external interest rates. In that case, HQ has to instruct all subsi-

diaries to borrow externally at the expected external interest rate, r0 = 0.5. This leads

to sub-optimal external capital choices and no internal arbitrage opportunity through

the internal capital market.

Determining the optimal cutoff interest rate, r′, is made more complicated since it de-

pends on the entire structure of the MNE: the number of subsidiaries, the tax rates

applicable in all countries, and the level of the internal interest rate. Additionally, the

level of r′ also affects the distribution of the shadow price of internal capital µ∗ and thus

also affects the expected profits in all subsidiaries. Thus, determining r′ in the general

case presented here is very difficult. But, in more specific contexts or for example MNEs

with data on the tax rates, r′ may be determined (approximately) through numerical

methods by maximising over r′ in HQ’s equilibrium payoffs:21

Er(u
HQ(r′)) =

(
1−

[
1− r′

]S)[
r′
∑
s∈S

(1− τs)

(
α

1− α

)
Eµ∗(r′)

([
ē(1− τs)

µ∗(r′) + ē(1− τs)i

] α
1−α
)

− r′Sc

+ (1− r′)
∑
s∈S

(1− τs)

(
α

1− α

)
Eµ∗(r′)

([
1− τs

µ∗(r′) + (1− τs)i

] α
1−α
)]

+
[
1− r′

]S
2

α
1−α

(
1

1− α

)∑
s∈S

(1− τs)

[
1 − r′

]S
is the probability with which no outside investor participates. The smaller

is the number of subsidiaries, S, the higher is the probability that no outside investor

participates for a given r′. Thus, without solving for the optimal r′, we can expect that

larger MNEs involve fewer joint ventures and more wholly owned subsidiaries.

21For a derivation, see Appendix A.6.
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1.4.5 Conglomerates, Multi-Product & Other Large Firms

As alluded to in the introduction, while this paper is particularly concerned with MNEs,

the model as presented here also applies to other large firms. In the model, the different

countries only differ in their external interest rates and their tax rates. Yet, there may

be many reasons why different divisions or subsidiaries of uni-national large firms face

different tax and interest rates.

A firm’s subsidiary selling an experimental new product might be considered riskier

than a high-cash flow unit operating in a mature market. As long as these subsidiaries

are (partly) ring-fenced in case of bankruptcy, one would expect these division to also

differ in their cost of external capital. At the same time, different subsidiaries might be

subject to different effective tax rates, for example due to targeted subsidies. Then, the

model as discussed previously, can be applied one-for-one to a firm, even if it is only

present in one country.

In addition, the heterogeneous tax rates are technically similar to heterogeneous pro-

ductivities: the higher the tax rate, the lower is the marginal benefit of each unit of

capital. So, high-tax subsidiaries of a MNE are comparable to low-productivity subsi-

diaries of a multi-product national firm. The model is easily adapted to capture this

small change. Let us consider a situation in which all subsidiaries face the same tax

rate, so that it drops out of HQ’s problem. Let us also assume that the subsidiary

profits are given by θs
1
α
(Ks + Is)

α − rsKs − i, where θs is an observable productiv-

ity parameter. As with heterogeneous tax rates, this implies heterogeneous effective

marginal benefits across subsidiaries. Only the definition of the returns from internal

arbitrage changes. Since internal arbitrage is a purely financial operation, it should

not depend on the productivity. Thus, the internal lender becomes the subsidiary

L∗ = argmaxs∈S
{
es(i− rs)

}
, i.e. the tax rates become irrelevant.

As the model also applies to large firms, even if they do not produce internationally,
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one can expect many large firms to engage in internal arbitrage.

1.4.6 Shortcomings & Areas for Further Research

This paper makes a number of simplifications that deserve a comment.

As already mentioned in the literature review, I abstract from any internal agency

concerns related to the manager. The manager is an automaton without any inherent

preferences. The conflict of interest exclusively lies between the different kind of own-

ers. This is clearly a simplification. Yet, managerial incentives in the presence of an

internal capital market has already been addressed by previous studies. Merging the

two approaches may yield interesting insights: managers, often assumed to care more

about their own subsidiary than about the MNE as a whole, might want to form a

coalition with the outside investor, even if the outside investor is the minority owner.

On the other hand, in previous theoretical studies of internal capital markets, managers

are often conceptualised as empire builders with an inherent preference for size (Stein,

1989). Under this assumption, the managers’ incentives may be more aligned with HQ

since internal arbitrage is achieved by having subsidiary “over-borrow”, i.e. by making

them larger than independently optimal.

In the model, the optimal internal reallocation is independent of HQ’s tax rate. This

stark result is driven by the simplification that each MNE always repatriates all residual

profits in each period. In reality, companies may retain profits in offshore subsidiar-

ies.22 These offshore profits may be due to tax evasion or for re-investment purposes.

While the first may be incorporated into this model, the second factor seems difficult to

cover in a static model without outside capital constraint. In general, the static nature

of the model combined with unlimited outside financing makes it difficult to consider

22In 2013, the Wall Street Journal put the share of un-taxed profits of 60 large American companies
at more than 40% (Linebaugh and Kate, 2013).
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cash accumulation, liquidity concerns, and their effects on the internal capital market.

External capital market imperfections, while existent in the real world and potentially

affecting internal capital markets, are absent.

Throughout the paper, the locational structure of the MNE is taken as given, i.e. the

set of all subsidiaries S is exogenous. While this allows to focus on internal delibera-

tions, it is unrealistic: the number and locations of subsidiaries are also a choice of HQ.

The locational choice of MNEs might be expected to be driven by more fundamental

factors, e.g. local demand or input prices. Yet, considerations related to the internal

capital market might still play a role at the margin.23

While all these factors are important, they are left for future research.

1.5 Conclusion

In this paper, I analyse the internal capital market of a MNE in the presence of endo-

genously formed joint ventures with incomplete joint shareholder agreements. I show

that the endogenous centralisation of decision making authority allows the MNE to

use the internal reallocation of capital to engage in internal arbitrage: as long as one

subsidiary faces an external interest rate lower than the internal interest rate, the MNE

instructs its majority-owned subsidiaries to borrow more capital internally than would

maximise their individual profits. The MNE trades off lower subsidiary profits against

higher profits in the internal lender who earns the internal-external interest rate spread

for each unit of capital lent internally. This process shifts profits from the majority

owned subsidiaries to the internal lender, which, in expectation, faces a lower tax rate.

In addition, since the MNE equalises marginal costs and marginal benefits of internal

capital, a centralised internal capital market implies that the costs and benefits are no

23In the extreme, subsidiaries in small tax havens such as the Cayman Islands are potentially estab-
lished only for capital-allocation reasons.

44



Internal Arbitrage 1.5. CONCLUSION

longer subject to the same tax rate. Capital choices and output become more reactive

to corporate tax rates.

The role of local partners in joint ventures with the MNE is context-dependent: if the

local partner is the majority owner in a subsidiary, she, at least sometimes, prevents

the MNE from engaging in internal arbitrage and the subsidiary borrows externally to

maximise its own profits as if it were an independent firm. But, if the outside investor

does not or cannot prevent internal arbitrage, its extent is exacerbated compared to

wholly owned subsidiaries: with outside investors, the lower-than-possible subsidiary

profits are partly born by the local partners. I also show that, if unconstrained by

foreign ownership limitations and if given all of the bargaining power, the MNE always

chooses to be the majority owner in each subsidiary, i.e. the MNE chooses to be au-

thority unconstrained.

This process emerges as soon as one subsidiary can pass on externally raised capital at

a higher internal interest rate. Since internal interest rates are set by accounting stand-

ards, and not by markets, one may try to adjust these standards to prevent internal

arbitrage. Yet, the only transfer pricing rule to prevent internal arbitrage is marginal

cost transfer pricing, i.e. setting the internal interest rate equal to the marginal cost at

which the capital was raised. But, because measuring, eliciting, or estimating marginal

costs is challenging in practice, this should be seen as encouraging policy proposals,

such as the recent OECD tax deal, that do not rely on transfer pricing.
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Chapter 2

The Dark(er) Side of Full Surplus

Extraction

Abstract Full surplus extraction (FSE) occurs when a principal designs an incentive

compatible mechanism under which the privately informed agent earns no information

rents. Previous FSE results imply that FSE is (weakly) efficiency enhancing and thus

only beset with distributional concerns. In this paper, I derive the necessary and suffi-

cient condition for FSE in the canonical adverse selection model with type-dependent

reservation utilities and general quasi-linear utility functions. There, I show that FSE

can be inefficient: the FSE mechanism can be optimal even though the best non-FSE

mechanism implies a higher total surplus.
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2.1 Introduction

Privately informed agents earning excess rents and the subsequent information frictions

are one of the most prominent predictions of information economics. It is all the more

disconcerting that information rents are theoretically not as ubiquitous as one may

expect. A principal designing an incentive compatible mechanism without leaving any

rents to the agent is referred to as full surplus extraction (FSE), an early example of

which can already be found in Myerson (1981). Seminal treatments are due to Crémer

and McLean (1985; 1988) and McAfee and Reny (1992) with an extension by Lands-

berger and Meilijson (1996). While these three FSE results make different assumptions

and consider different FSE definitions, they have two important aspects in common:

first, FSE is feasible only if the agent is subject to some residual uncertainty. Then,

the private type of the agent has to be correlated in a specific manner with the random

variable capturing the agent’s uncertainty.1 Second, FSE is efficiency enhancing: the

joint surplus of the principal and agent is maximised and thereby (weakly) higher than

in the optimal non-FSE mechanism. FSE only has distributional consequences.

In this paper, I illustrate that FSE can be achieved even if the agent is not subject to

any residual uncertainty. Consider the canonical adverse selection model with arbitrary

quasi-linear utilities and type-dependent reservation utility: a principal hires an agent –

both endowed with quasi-linear utility functions – to carry out a one-time action whose

value depends on the agent’s private type. FSE is then feasible if the implemented

allocation satisfies interim rent maximisation (IRM). A thought experiment illustrates.

Fix an allocation assigning an action to each type. Define the agent’s interim rents as

the difference between the utility he receives from the action in the absence of any trans-

fers and his reservation utility. Interim rent maximisation then requires that the action

1The exact source of the uncertainty is irrelevant. In multi-agent mechanisms, each agent considers
all other agents’ types as random. In one-agent mechanisms, the uncertainty may be due to a random
state of the world affecting outcomes.
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associated with a given type induces higher interim rents in the associated type than in

any other type. If interim rent maximisation is satisfied, the mechanism implementing

FSE is of the simple form: “Announce your type. Pay the principal the interim rents

of your announced type.” But, FSE based on interim rent maximisation comes at a

price; it cannot be guaranteed that FSE is efficient. Not only is the joint surplus of the

principal and agent not necessarily maximised, but the principal may prefer the FSE

mechanism even though the best incentive-compatible mechanism leaving information

rents to the agent would result in a higher (not necessarily maximised) joint surplus.

FSE based on interim rent maximisation has distributional and efficiency implications.

Finally, I show how interim rent maximisation and the correlation structure between

the agent’s type and a random variable can be combined to derive the necessary and suf-

ficient condition for FSE in the adverse selection model with more general quasi-linear

preferences than allowed for in previous studies.

Related Literature In addition to the above mentioned FSE results by Crémer

and McLean (1985; 1988), McAfee and Reny (1992), and Landsberger and Meilijson

(1996), further FSE results are due to Brusco (1998) and McLean and Postlewaite

(2015) (independent value, interdependent types environments), McAfee, McMillan

and Reny (1989) and Mezzetti (2007) (interdependent value, independent types en-

vironments), Bose and Daripa (2009) (ambiguity aversion), and Crémer (1987) and

Liu and Bernhardt (2021) (securities-plus-cash auctions). Further, it has been shown

that Crémer and McLean’s FSE result can be implemented with a robust mechanism

(Lopomo et al., 2022b), and is robust to moral hazard (Obara, 2008), collusion (Guo,

2023; Larionov, 2023), sampling error (Fu et al., 2021), information acquisition by the

agent about his own type (Crémer, Spiegel and Zheng, 2009) and about the source of his

uncertainty (Bikhchandani, 2010; Laohakunakorn, 2019). This paper also contributes
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to the study of adverse selection models with type-dependent reservation utilities. See

Jullien (1996; 2000) for a general treatment of the optimal mechanism leaving rents to

the agent when his outside option depends on his type.

Organisation Section 2.2 introduces the model, the interim rent maximisation as-

sumption, and derives the FSE result in an environment without any uncertainty. The

model is extended to include uncertainty in Section 2.3. There, I also combine the

interim rent maximisation result with previous FSE results. Finally, Section 2.4 dis-

cusses and concludes. Abbreviations and notation are summarised in Appendix B.1.

All proofs have been relegated to the Mathematical Appendix B.2.

2.2 Interim Rent Maximisation & FSE

This section contains the results when the agent is not subject to any residual uncer-

tainty. Section 2.2.1 introduces the model. The interim rent maximisation condition

and FSE result are collected in Section 2.2.2. Section 2.2.3 entails a longer discussion of

the interim rent maximisation property. Finally, Section 2.2.4 discusses the efficiency

properties of the FSE result.

2.2.1 Model Environment

Consider the standard adverse selection model with quasi-linear preferences and type-

dependent reservation utilities.

A principal (P, she) contracts with one agent (A, he) to carry out a one time action,

x ∈ X where X is compact. The value of the action depends on the agent’s type,

θ, unobservable to the principal. It is common knowledge that θ ∈ Θ distributed

with cumulative distribution function G(θ) with associated probability mass or density
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function g(θ).2 The agent is endowed with a reservation utility that may depend on his

type,
¯
u(θ). The principal and agent sign an enforceable contract specifying the action,

x ∈ X , and a monetary transfer from the principal to the agent, t ∈ R. Both actors

are risk-neutral and no actor is budget constrained. The utilities of the two actors are

quasi-linear. Define the principal’s utility function, uP : X × R×Θ → R, as:

uP
(
x, t; θ

)
= w

(
x; θ
)
− t

Equally, let uA : X × R×Θ → R be the agent’s utility.

uA(x, t; θ) = v(x; θ) + t

Where w(·) and v(·) are von Neumann-Morgenstern (vNM) utility functions, potentially

maximised by different actions.

By the revelation principle, it is without loss of generality to focus on direct, truthful

mechanisms. The contract can thus condition on an announcement the agent makes,

θ̂ ∈ Θ. The menu of contracts then takes the form {x(θ̂), t(θ̂)}θ̂∈Θ which has to fulfil

the usual constraints. Truth-telling is ensured by the agent’s incentive compatibility

constraint:

∀θ ∈ Θ: θ ∈ argmax
θ̂∈Θ

[
v
(
x(θ̂); θ

)
+ t(θ̂)

]
(IC)

The agent’s participation constraint ensures that his utility is weakly larger than his

reservation utility,
¯
u(θ).

∀θ ∈ Θ: v
(
x(θ); θ

)
+ t(θ) ≥

¯
u(θ) (PC)

2For now, Θ is allowed to be any arbitrary metric space. More conditions will be imposed on Θ in
Section 2.3.2 as needed.
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The solution concept is Perfect Bayesian Nash equilibrium.

Notation EH(·) is the expectation and PH(·) the probability of some event under

some distribution H(·). 1A(a) ≡ 1{a ∈ A} denotes the indicator function, i.e. 1A(a) =

1 if a ∈ A and zero else. A∪B is the union, A∩B the intersection of two sets A and B.

The set difference is expressed as A\B = {a ∈ A : a ̸∈ B}. Further, co(A) denotes the

convex hull and co(A) the closed convex hull of A. For any finite set A, let |A| denote

its cardinality. For any metric space with elements x and y, let the distance metric be

denoted by d(x, y) ≡ ||x− y||. Let ∆(A) denote the space of Borel probability measures

on a set A. Further, δ(a) denotes the Dirac measure concentrated on a. Let det(A) be

the determinant of some matrix A and A⊺ its transpose. For some real number x ∈ R,

let ⌊x⌉ denote the nearest integer to x.

2.2.2 Full Surplus Extraction

With the model environment established, we can now proceed to the FSE result. FSE

occurs if the mechanism leaves each type of the agent with his reservation utility only.

Definition D4 (Full Surplus Extraction). Amechanism achieves FSE if, in equilibrium,

each type only receives his reservation utility.

∀θ ∈ Θ: v
(
x(θ); θ

)
+ t(θ) =

¯
u(θ)

As for other FSE results known, the principal can only appropriate the entire surplus

in an incentive compatible way if a specific condition is met. Here, this condition is

imposed on the interim rents.

Definition D5 (Interim Rents). Given an action x ∈ X , the agent’s interim rents are

the difference between his vNM utility and his reservation utility, v(x; θ)−
¯
u(θ).
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FSE is feasible if an incentive compatible mechanism exists in which the transfer equals

the negative of the agent’s interim rents. This is guaranteed if and only if the allocation,

i.e. the entire action profile {x(θ)}θ∈Θ, is set such that each action maximises the interim

rents of the associated type.

Assumption A3 (Interim Rent Maximisation). An allocation {x(θ)}θ∈Θ satisfies in-

terim rent maximisation if each element x(θ) induces weakly higher interim rents in the

associated type θ than in any other type θ′.

∀θ ∈ Θ: v
(
x(θ); θ

)
−
¯
u(θ) ≥ v

(
x(θ); θ′

)
−
¯
u(θ′) ∀θ′ ∈ Θ (IRM)

Importantly, Assumption A3 is an inter-type comparison. The action associated with

type θ, x(θ), has to imply weakly higher interim rents for type θ than for any other type

θ′. It is not necessary for x(θ) to maximise the interim rents of type θ. This distinguishes

interim rent maximisation from the incentive compatibility constraint (IC) which is an

intra-type comparison: every type compares the different allocations and transfers given

his preferences. Interim rent maximisation functionally holds the allocation fixed and

compares the implied interim rents across the different preferences of the different types.

The following theorem contains the main result of the paper.

Theorem 1. FSE is feasible if and only if the implemented allocation {x(θ)}θ∈Θ satisfies

the Interim Rent Maximisation Assumption A3.

The mechanism implementing FSE is very simple: the agent announces his type and

then pays the principal the interim rents of his announced type given the associated

action. The transfer from the principal to the agent is thus: t∗(θ̂) =
¯
u(θ̂)−v

(
x(θ̂); θ̂) for

all θ̂ ∈ Θ. With this transfer, an agent of type θ announcing θ̂ then captures utility of

uA
(
x(θ̂), t(θ̂); θ

)
=

¯
u(θ̂)+v

(
x(θ̂); θ

)
−v
(
x(θ̂); θ̂). Since truth-telling, θ̂ = θ, results in the
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agent just receiving his reservation utility; the mechanism is incentive compatible if any

mis-reporting results in weakly lower utility: v
(
x(θ̂); θ

)
+
¯
u(θ̂)−v

(
x(θ̂); θ̂) ≤

¯
u(θ) for all

θ̂ ̸= θ. Then for all θ ∈ Θ and all θ̂ ∈ Θ, this holds if v
(
x(θ̂); θ

)
−
¯
u(θ) ≤ v

(
x(θ̂); θ̂)−

¯
u(θ̂)

which is exactly the interim rent maximisation condition from Assumption A3.

2.2.3 Interim Rent Maximisation

Theorem 1 establishes that any allocation satisfying interim rent maximisation can be

implemented without leaving any rents to the agent. It has not yet been established

when such an allocation exists. Interim rent maximisation is a condition on the entire

family of interim rent functions. Without any structure on this family, the condition

for the existence of an allocation satisfying interim rent maximisation is very general.

Remark 2. An allocation satisfying interim rent maximisation exists if and only if for

each type, there exists an action inducing weakly higher interim rents in that type than

in any other type.

∀θ ∈ Θ, ∃xθ ∈ X s.th. v(xθ; θ)−
¯
u(θ) ≥ max

θ′∈Θ

[
v
(
xθ; θ

′)−
¯
u(θ′)

]

No general results on the existence of family of functions satisfying Remark 2 are presen-

ted here. Instead, the focus is on three specific cases that often appear in applications:

first, I consider multiplicative utility functions, then interim rent functions satisfying

the single-crossing property, and finally, interim rent functions with different supports.

A special case of quasi-linear utility functions are of the following multiplicative form.

˜
uA(x, t; θ) = xv(θ) + t (2.1)

Preferences of the multiplicative form are natural in auctions and similar environments
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when the agent is a buyer and the seller (principal) is uninformed about the his willing-

ness to pay, v(θ). The action x then usually corresponds the the probability of receiving

the good or the quantity of the good purchased.

Proposition 6 (Multiplicative Preferences). If the agent’s preferences admit a mul-

tiplicative representation as in Equation (2.1), no allocation satisfying interim rent

maximisation exists.

While multiplicative preferences are natural in a buyer-seller interaction, they are less

applicable in labour contracts where different types are better at performing different

task or have different marginal costs of effort. In these cases, the single crossing property

is an often imposed assumption on the preferences of the different types (Athey, 2001;

Milgrom and Shannon, 1994).3 Single crossing is not sufficient for the existence of

an allocation satisfying interim rent maximisation. But, if single crossing holds, the

existence of an interim rent maximisation allocation is fully determined by the order of

the crossing points. For notational convenience, the result is presented for a finite type

space.

Proposition 7 (Interim Rent Maximisation & Single-Crossing). Let Θ ≡ {θ0, . . . , θN}

and
¯
x ≡ minX . Order the types such that v(

¯
x; θi) −

¯
u(θi) is decreasing in i. Assume

the family of interim rent functions {v(x; θi) −
¯
u(θi)}θi∈Θ satisfies the single crossing

property in x and let x̄i,j be such that v(x̄i,j; θi)−
¯
u(θi) = v(x̄i,j; θj)−

¯
u(θj). Then, there

exists an allocation satisfying interim rent maximisation if and only if:

∀i ≤ N − 2: x̄i,i+1 ≤ x̄i+1,i+2

Proposition 7 is illustrated in Figure 2.1. Figure 2.1a shows a scenario with four types

3Two functions, H(y) and L(y), satisfy the single crossing property if there exists some ȳ such that
H(y) ≤ L(y) for all y ≤ ȳ and H(y) ≥ L(y) for all y ≥ ȳ.
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with interim rent functions satisfying Proposition 7. There, allocations satisfying in-

terim rent maximisation exist. Figure 2.1b, on the other hand, is drawn such that the

four types’ interim rent functions do not satisfy the condition from Proposition 7, even

though the satisfy single-crossing. No allocation satisfying interim rent maximisation

exists.

x

v(x; θi)−
¯
u(θi)

x̄0,1
x̄1,2

x̄2,3

θ0 θ1 θ2 θ3

(a) IRM Allocation Exists

x

v(x; θi)−
¯
u(θi)

x̄0,1

x̄1,2

x̄2,3

θ0 θ1 θ2 θ3

(b) No IRM Allocation Exists

Note: Figure 2.1 illustrates the relationship between the single crossing property and interim
rent maximisation. In Figure 2.1a, the condition from Proposition 7 are fulfilled and there exists
allocations satisfying interim rent maximisation. No such allocation can be found for the interim
rent functions shown in Figure 2.1b: no action maximises the interim rents of types θ1 and θ2.

Figure 2.1: Single-Crossing & Interim Rent Maximisation

Last, let us consider interim rent functions that are non-negative everywhere. Interim

rent maximisation can then closely be tied to their support.

Definition D6 (Support). Let h(y; ν) : Y × V → R+. For all ν ∈ V , the support of

h(·) is then defined as supp
(
h(y; ν)

)
≡ {y ∈ Y : h(y, ν) > 0}.

If, for each type, we can find an action that is on the support of the interim rents of

that type, and that type alone, then the resulting allocation clearly satisfies interim

rent maximisation.
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Proposition 8 (Interim Rent Maximisation & the Support). Assume the interim rents

are non-negative for all θ ∈ Θ and for all x ∈ X . An allocation satisfying interim rent

maximisation exists if, for each type, there exists an action on the support of his interim

rents that is not in the support of any other type’s interim rents.

∀θ ∈ Θ, ∃xθ s.th. xθ ∈ supp
(
v(x; θ)−

¯
u(θ)

)
& xθ /∈ supp

(
v(x; θ′)−

¯
u(θ′)

)
∀θ′ ̸= θ

Proposition 8 is particularly applicable if changes in the type shift the interim rent

function along the x−axis as illustrated in Figure 2.2. It does not apply if changes in

the type compress or stretches the interim rent functions.

2.2.4 Efficiency

Interim rent maximisation is a joint condition on the agent’s preferences and the action

profile. Thus, in a given environment, interim rent maximisation may be fulfilled for

some allocations but not for others. Since the principal has an incentive to choose

an allocation allowing for FSE, this can have efficiency implications. The efficiency

benchmark is the allocation that maximises the joint surplus of the principal and the

agent.

Definition D7 (Efficient Allocation). Let {xFB(θ)}θ∈Θ denote the efficient allocation

defined as xFB(θ) = argmaxx∈X
[
w(x; θ) + v(x; θ)

]
for each θ ∈ Θ.

The efficient allocation maximises the joint surplus; it need not individually maximise

the vNM utility of the principal or of the agent.

Clearly, if the efficient allocation satisfies interim rent maximisation, by Theorem 1, the

principal can implement the efficient allocation while extracting the entire maximised

surplus. The principal achieves her first best and the outcome is efficient.
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Remark 3. If the efficient allocation {xFB(θ)}θ∈Θ satisfies the Interim Rent Maxim-

isation Assumption A3, the FSE mechanism is optimal and efficient.

An example of an efficient interim rent maximising allocation is shown in Figure 2.2a.

There, it is assumed that the efficient allocation also individually maximises the in-

terim rents of each type; for example because the principal and the agent share some

production profits. To see that this allocation satisfies interim rent maximisation, con-

sider type θ1 with the associated action xFB1 . In Figure 2.2a, we see that xFB1 implies

strictly positive interim rents for type θ1 but zero – and thus lower – interim rents for

all other types θi ̸= θ1. Since this argument can be made for each type, FSE is feasible

by Theorem 1.

x

v(x; θi)−
¯
u(θi)

xFB
0

xFB
1

xFB
2

xFB
3

θ0 θ1 θ2 θ3

(a) Efficient IRM Allocation

x

v(x; θi)−
¯
u(θi)

xFB
0

xFB
1

xIRM
0

xFB
2

xIRM
1

xFB
3 = xIRM

3

xIRM
2

θ0 θ1 θ2 θ3

(b) Inefficient IRM Allocation

Note: Figure 2.2 illustrates two cases where an interim rent maximising allocation exists. In
Figure 2.2a the efficient allocation is interim rent maximising. Figure 2.2b illustrates Example
E1: only inefficient allocations allow for interim rent maximisation. The best interim rent
maximising allocation is illustrated by xIRM

i .

Figure 2.2: Efficiency of Interim Rent Maximisation

Even if the efficient allocation does not satisfy interim rent maximisation – but some

other allocation does – the FSE mechanism may still be of interest. First, it represents

a lower bound on the principal’s payoffs: the principal can at least guarantee herself
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the joint surplus implied by the (best) interim rent maximising allocation.

Remark 4. Assume that only inefficient allocations satisfy the Interim Rent Maxim-

isation Assumption A3. Then, the FSE mechanism is a lower bound on the principal’s

payoffs in the optimal mechanism.

This lower bound can be calculated directly by comparing the total surplus achieved

under all allocations satisfying interim rent maximisation. The construction of the

mechanism is not a marginal argument. So, technical assumptions on marginal utilities

(and higher order derivatives) are not needed. In some circumstances, characterising

the allocations satisfying interim rent maximisation may be considerably easier than

characterising the optimal mechanism leaving information rents to the agent.4

Finally, the FSE mechanism can be inefficient, but optimal. The principal has the

choice between implementing the (inefficient) FSE mechanism or the best incentive-

compatible mechanism leaving rents to the agent (non-FSE mechanism). Clearly, the

principal prefers the FSE mechanism if the joint surplus is higher. But, she may also

prefer the FSE mechanism to the non-FSE mechanism even if the non-FSE mechanism

implies a higher joint surplus: the principal chooses the mechanism to maximise her

payoffs ; not the joint surplus. Thus, if the “savings” in information rents outweigh the

lower joint surplus, the principal chooses the FSE mechanism over the more efficient

non-FSE mechanism.

Remark 5. The FSE mechanism can be optimal even though the best non-FSE mech-

anism yields a higher total surplus.

General results on when Remark 5 is applicable go beyond the scope of this paper: it is

4With interim rent maximisation, the allocation need not be monotone in the agent’s type. Single-
crossing in the types’ utility functions has no effect on the tractability of the exercise and type-
dependent reservation utilities are simple to incorporate. See Jullien (1996; 2000) for a discussion on
the complications induced by type-dependent reservation utilities in mechanisms implying information
rents.
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jointly determined by the payoffs in the FSE mechanism and non-FSE mechanism and

is thus a function of the type distribution, the family of interim rent functions, and the

total surplus. Instead, to illustrate Remark 5, consider the following example.

Example E1 (Profit Sharing). Let Θ = {θ0, θ1, θ2, θ3} with θi = i for all i ∈ {0, 1, 2, 3}

and each type being equally likely: G(θ) = 1+⌊θ⌉
4

and g(θ) = 1
4
. The principal and the

agent contract to equally share some production profits, Π(x; θ) = 1 + θ − (x − αθ)2

with α ∈ (0, 1). The utility functions are:

uP (x; θ) = 0.5Π(x; θ)− t & uA(x; θ) = 0.5Π(x; θ) + t

The efficient allocation is xFB(θ) = αθ for all θ ∈ Θ. Let each type’s reservation utility

be zero,
¯
u(θ) = 0 for all θ ∈ Θ. Assume full participation.

In Example E1, the vNM utility functions of the principal and of the agent are maxim-

ised by the same action. The conflict of interest is purely driven by the principal’s desire

to extract the agent’s rents. It is shown in Appendix B.2.1 that the optimal mechanism

depends crucially on the parameter α that governs how reactive the efficient action,

xFB(θ), is to the agent’s type. Depending on α, the optimal mechanism may feature

FSE or not and, if it does, it may do so in an efficient or inefficient manner. Figure

2.2b illustrates the case when FSE is feasible but inefficient. The following proposition

summarises the main efficiency outcome of Example E1.

Proposition 9 (Example E1 and Inefficient FSE). Consider Example E1. There exists

two constants, 0 < A1 < A2 < 1, such that efficient FSE is feasible if and only if

α > A2. If α ∈ [A1, A2], the principal prefers the inefficient FSE mechanism to the non-

FSE mechanism even though the non-FSE mechanism implies a higher joint surplus.

Only if α < A1 does the principal forgo FSE and the agent earns rents.
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Proposition 9 highlights two important features of the present result. First, FSE can

reduce efficiency: not just relative to the efficient allocation which may not be imple-

mentable through an incentive compatible mechanism, but also compared to the best

non-FSE mechanism. In some cases, FSE based on interim rent maximisation reduces

the information rents of the agent to zero and lowers to total surplus. Second, the

efficiency properties of the optimal solution are sensitive to the specific environment

considered; here illustrated by the parameter α. Even in the simple Example E1, FSE

can be efficient; it can be inefficient and optimal; or it can be dominated by the non-FSE

mechanism.

2.3 Uncertainty & Correlation

As mentioned in the introduction, previous FSE results rely on the correlation between

the agent’s type and a random variable. In this section, I first describe the efficiency

properties of these FSE results and contrast them to FSE based on interim rent max-

imisation. Finally, the two approaches to FSE are combined.

Section 2.3.1 extends the model introduced before to include a random state of the

world. The FSE result and efficiency discussion are summarised in Section 2.3.2.

2.3.1 Model Extension

In addition to the agent’s type θ, the value of the action x ∈ X and the agent’s re-

servation utility now also depends on a random state of the world, ω ∈ Ω where Ω is

compact. Let the unconditional (cumulative) distribution of ω be denoted F (·). The

state of the world may be correlated with the agent’s type. Let Fθ(·) be the conditional

distribution of ω given that the agent’s type is θ. Further, let fθ(·) denote the belief

of type θ. Let Ωθ ≡ {ω ∈ Ω: fθ(ω) > 0} denote the support of type θ’s belief and
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Ω-θ ≡ {ω ∈ Ω: fθ(ω) = 0} its complement.

With the additional uncertainty introduced by ω, the principal’s utility function, uP : X×

R×Θ× Ω → R, becomes:

uP
(
x, t; θ, ω

)
= w

(
x; θ, ω

)
− t

The agent’s utility function then reads as, uA : X × R×Θ× Ω → R:

uA(x, t; θ, ω) = v(x; θ, ω) + t

The random state of the world can be contracted upon. The menu of contracts thus

takes the form {x(θ̂;ω), t(θ̂;ω)}θ̂∈Θ,ω∈Ω. The constraints implied by the revelation prin-

ciple now also have to take the additional uncertainty into account. The agent’s incent-

ive compatibility constraint now has to be fulfilled in expectation:

∀θ ∈ Θ: θ ∈ argmax
θ̂∈Θ

EFθ
(
v
(
x(θ̂;ω); θ, ω

)
+ t(θ̂;ω)

)
(IC’)

While his participation constraint ensures that his expected payoffs from participating

in the mechanism weakly exceed his expected reservation utility:

∀θ ∈ Θ: EFθ
(
v
(
x(θ;ω); θ, ω

)
+ t(θ;ω)

)
≥ EFθ

(
¯
u(θ, ω)

)
(PC’)

2.3.2 Full Surplus Extraction

When the agent faces residual uncertainty as encapsulated by the random state of the

world ω, the definition of FSE needs to take this into account. The previous literature

has addressed this in different ways. Here, we will consider three different definitions

of FSE.
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Definition D8 (Full Surplus Extraction under Uncertainty). Consider the following

three notions of FSE under uncertainity.

Expected FSE For each type, the expected payoffs from participating equal his ex-

pected reservation utility: for all θ ∈ Θ, EFθ
(
uA
(
x(θ;ω), t(θ;ω); θ, ω

))
= EFθ

(
¯
u(θ, ω)

)
.

Virtual FSE For each ε > 0, each type’s expected utility does not exceed his ex-

pected reservation utility by more than ε: for all ε > 0 and for all θ ∈ Θ,

EFθ
(
uA
(
x(θ;ω), t(θ;ω); θ, ω

))
∈
[
EFθ
(
¯
u(θ, ω)

)
,EFθ

(
¯
u(θ, ω)

)
+ ε
]
.

Strict FSE Each type receives exactly his reservation utility in each state in his

support: for all θ ∈ Θ and for all ω ∈ Ωθ, u
A
(
x(θ;ω), t(θ;ω); θ, ω

)
=

¯
u(θ, ω).

Expected FSE is considered by Crémer and McLean (1985; 1988) who impose a fi-

nite type space, Θ = {θ1, . . . , θN}. Their result has been generalised by McAfee and

Reny (1992) to an infinite type space. Because expected FSE can no longer be guar-

anteed there, McAfee and Reny consider virtual FSE as an approximation.5 Finally,

the Crémer and McLean result was strengthened to strict FSE by Landsberger and

Meilijson (1996) in a study of insurance markets. Strict FSE is particularly interesting

if the agent is risk averse, i.e. when his preferences can be represented by a strictly

concave utility function:

ũA(x, t; θ, ω) = U
(
v(x; θ, ω) + t

)
U(·) str. increasing & str. concave

Robert (1991) has shown that expected FSE (and by extension virtual FSE) can break

down if the agent is risk averse; especially, if the agent’s type and the random state are

only weakly correlated. Landsberger and Meilijson (1996) then show that strict FSE is

unaffected by risk aversion.

5The name virtual FSE has been taken from Lopomo et al. (2022a).
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Remark 6 (Risk Aversion). Expected and virtual FSE can break down if the agent is

risk averse. The feasibility of strict FSE is independent of the level of the agent’s risk

aversion.

As anticipated in the introduction, with uncertainty, FSE can be based on the correl-

ation between the agent’s type and the random state of the world. As we consider

three different definitions of FSE under uncertainty, it should not be surprising that

each corresponds to one condition on the correlation structure. Since eventually the

goal is to derive how interim rent maximisation and the correlation structure can be

combined to achieve FSE, it will be convenient to define the conditions needed for FSE

specifically for some subset of types.

Assumption A4 (Correlation Structure). Consider the following three correlation

structures between the agent’s type and the random state.

Convex Independence The belief of type θ satisfies convex independence vis-à-vis

the beliefs of the types θ′ ∈ OCM
θ (Crémer and McLean, 1985; 1988).6

fθ(ω) =
∑

θ′∈OCMθ ∪θ

µθ′fθ′(ω) for some µ ∈ ∆(OCM
θ ∪ θ) ⇒ µθ = 1 (CM)

Probabilistic Independence The belief of type θ satisfy probabilistic independence

relative to the beliefs of all types θ′ ∈ OMR
θ (McAfee and Reny, 1992).

fθ(ω) =

∫
OMR
θ ∪θ

fθ′(ω)µ(dθ
′) for some µ ∈ ∆(OMR

θ ∪ θ) ⇒ µ = δ(θ) (MR)

Non-Overlapping Support The belief support between type θ and any type θ′ ∈
6The exact formulation of the condition has been adapted from Lopomo et al. (2022a).
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OLM
θ do not fully overlap (Landsberger and Meilijson, 1996).

∀θ′ ∈ OLM
θ : PFθ′

(
Ω−θ

)
> 0 (LM)

As mentioned before, virtual FSE à la McAfee and Reny (1992) is an approximation of

expected FSE as derived by Crémer and McLean (1985; 1988). While the strict FSE

definition from Landsberger and Meilijson (1996) is a stronger version of expected FSE.

Intuitively, this ordering also carries over to the correlation structures as introduced in

Assumption A4.

Remark 7. Probabilistic independence simplifies to convex independence if Θ has finite

cardinality (Lopomo et al., 2022a). Non-overlapping support is a stronger assumption

than convex independence: any belief structure {fθ(ω)}θ∈Θ satisfying non-overlapping

support also satisfies convex independence, but not necessarily vice versa.

FSE based on the correlation structure between the agent’s type and the random state

relies on the construction of stochastic misreporting punishments (the exact form of

which depends on the specific FSE definition). Because these stochastic misreporting

punishments exploit the residual uncertainty the agent faces – and not his inherent pref-

erences – they can ensure incentive compatible FSE for every allocation; consequently

also for the efficient allocation.

Proposition 10. Let Θ be finite [infinite] (finite). If the Convex Independence [Prob-

abilistic Independence] (Non-Overlapping Support) Assumption A4 is satisfied for all

θ ∈ Θ and all θ′ ̸= θ, then expected [virtual] (strict) FSE is feasible for the efficient

allocation {xFB(θ)}θ∈Θ.

Based on Proposition 10, we can conclude that FSE based on the Correlation Assump-

tion A4 is (weakly) efficiency enhancing: compared to the best non-FSE mechanism,
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the joint surplus is weakly higher. This efficiency result contrast the inefficiency result

derived for FSE based on interim rent maximisation from Remark 5. Therefore, as a

last step, let us consider how the correlation structure and interim rent maximisation

can be combined.

As with the agent’s constraints and the definition of FSE, the interim rent maximisation

assumption also needs to be adapted to take the uncertainty into account. We require

interim rent maximisation to hold in expectation, either exactly or approximately.

Assumption A5 (Interim Rent Maximisation under Uncertainty). Define the following

two forms of interim rent maximisation under uncertainty.

Expected Interim Rent Maximisation The allocation of type θ, {x(θ;ω)}ω∈Ω, sat-

isfies expected interim rent maximisation with respect to type θ′ if type θ′ expects

to earn lower interim rents under {x(θ;ω)}ω∈Ω than the associated type θ would.

EFθ′
(
v
(
x(θ;ω); θ, ω

)
−
¯
u(θ, ω)

)
≥ EFθ′

(
v
(
x(θ;ω); θ′, ω

)
−
¯
u(θ′, ω)

)
(IRM.E)

Approximate Interim Rent Maximisation The allocation {x(θ;ω)}ω∈Ω approx-

imates interim rent maximisation vis-à-vis type θ′, if θ′ expects his interim rents

induced by {x(θ;ω)}ω∈Ω to not exceed the interim rents of type θ by more than

ε for each ε > 0.

∀ε > 0:

EFθ′
(
v
(
x(θ;ω); θ, ω)−

¯
u(θ, ω)

)
≥ EFθ′

(
v
(
x(θ;ω); θ′, ω)−

¯
u(θ′, ω)

)
− ε

(IRM.A)

Where interim rent maximisation was a joint condition on the allocation and the family

of interim rent functions, expected interim rent maximisation is a joint condition on
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the allocation, the family of interim rent functions, and the family of type-dependent

distribution functions, {Fθ(ω)}θ∈Θ. Clearly, if the allocation (approximately) satisfied

interim rent maximisation for each state ω ∈ Ω, it also does so in expectation. No gen-

eral results on the existence of allocations satisfying Assumption A5 are derived here.

Yet, Proposition 6 carries over unchanged: if the agent’s preferences are multiplicative,

˜
uA(x, t; θ, ω) = x(ω)v(θ) + t, then no allocation satisfying expected interim rent max-

imisation exists.7 But, if an interim rent maximising allocation exists, it can be used

to achieve FSE even if the Correlation Assumption A4 fails (for some part of the type

space).

Theorem 2. Let Θ be finite [infinite] (finite). Expected [virtual] (strict) FSE is feasible

if and only if, for each type θ ∈ Θ, there exists a partition of the remaining type space

Θ \ θ ≡ OIRM
θ ∪ OCM

θ [Θ \ θ ≡ OIRM
θ ∪ OMR

θ ] (Θ \ θ ≡ OIRM
θ ∪ OLM

θ ) such that

the Expected [Approximate] (Expected) Interim Rent Maximisation Assumption A5 is

satisfied for all θ′ ∈ OIRM
θ and the Convex Independence [Probabilistic Independence]

(Non-Overlapping Support) Assumption A4 is satisfied for all θ′′ ∈ OCM
θ [θ′′ ∈ OMR

θ ]

(θ′′ ∈ OLM
θ ).

The connection between FSE based on the correlation structure and FSE based on

interim rent maximisation is best illustrated by the transfer. To keep the discussion

concise, let us focus on expected FSE. The intuition remains the same for virtual and

strict FSE. In the Mathematical Appendix, it is shown that the (minimal) transfer to

7This also explains why Crémer and McLean (1985; 1988) find the convex independence assumption
to be both sufficient and necessary for expected FSE as the authors focus on multiplicative payoff
structures.
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implement expected FSE is:

∀θ̂ ∈ Θ & ∀ω ∈ Ω:

t∗(θ̂;ω) ≤
¯
u(θ̂, ω)− v

(
x(θ̂;ω); θ̂, ω

)
− hθ̂(ω;O

CM
θ̂

) max
θ′∈OCM

θ̂

EFθ′
(
v
(
x(θ̂;ω); θ′, ω

)
−
¯
u(θ′, ω)−

[
v
(
x(θ̂;ω); θ̂, ω

)
−
¯
u(θ̂, ω)

])
EFθ′

(
hθ̂(ω;OCM

θ̂
)
)

Where hθ̂(ω;OCM
θ̂

) is such that EFθ̂(hθ̂(ω;O
CM
θ̂

)) = 0 and EFθ(hθ̂(ω;OCM
θ̂

)) > 0 for all

θ ∈ OCM
θ̂

.8

hθ̂(ω;O
CM
θ̂

) max
θ′∈OCM

θ̂

EFθ′
(
v
(
x(θ̂;ω); θ′, ω

)
−
¯
u(θ′, ω)−

[
v
(
x(θ̂;ω); θ̂, ω

)
−
¯
u(θ̂, ω)

])
EFθ′

(
hθ̂(ω;OCM

θ̂
)
)

(2.2)

Can thus be regarded as a stochastic misreporting punishment: for a truthful agent, θ̂ =

θ, this punishment term has expectation zero, but it has strictly positive expectation

for all types θ ∈ OCM
θ̂

– which, by Theorem 2, need not be covered by expected interim

rent maximisation. The (minimal) misreporting punishment is then set to exactly

compensate for this failure of expected interim rent maximisation. If interim rent

maximisation is fulfilled for all types, the numerator of Expression (2.2) is non-positive

for all θ and all θ̂.

By Theorem 2, FSE based on the correlation structure and FSE based on interim

rent maximisation can be combined. The efficiency properties of this mechanism then

depend on the underlying FSE condition: FSE based on the correlation structure is

implementable for any allocation (Proposition 10). Thus, in Theorem 2, the allocation

of each type, x(θ), and its efficiency properties are fully driven by those types θ′ ∈ OIRM
θ ,

as for those types interim rent maximisation has to be fulfilled which is a function of

8Following Crémer and McLean (1985; 1988), the existence of such a term is guaranteed by the
Convex Independence Assumption A4 and the separating hyperplane theorem. See Remark 16 in the
appendix.
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the allocation.

2.4 Discussion & Conclusion

In this paper, I have analysed full surplus extraction in an adverse selection model with

general quasi-linear preferences and type- and state-dependent reservation utilities. Dif-

ferently from previous FSE results, I show that the feasibility of FSE may depend on

the implemented allocation through the interim rent maximisation condition. FSE can

therefore have efficiency implications, in addition to distributional concerns.

While the interim rent maximisation condition may have different efficiency implications

compared to FSE based on the correlation structure as in Crémer and McLean (1985;

1988), McAfee and Reny (1992), and Landsberger and Meilijson (1996), the FSE con-

ditions share one commonality that separates them from the usual constraints implied

by the revelation principle. The incentive compatibility and participation constraint

associated with a given type θ ensure that this type finds truth-telling and participation

optimal. But, the FSE condition associated with that type θ guarantees that no other

type θ′ ̸= θ finds it optimal to pretend to be type θ in the FSE mechanism. This seems

to indicate that – generally – FSE requires an additional set of constraints that function

in the “reverse direction” from the constraints implied by the revelation principle.

The interim rent maximisation condition also indicates that a reduced form approach

to FSE when the agent is endowed with information rents from some un-modelled in-

centive compatible mechanism to be extracted by the principal (Lopomo et al., 2022a;

McAfee and Reny, 1992) is not always without loss of generality, since the potential

interrelation between the allocation choice and FSE is lost.

With a finite type space, Crémer and McLean (1988) have shown that belief struc-

tures satisfying convex independence, and thus allowing for expected FSE, are generic
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in simple type spaces. Neeman (2004) shows that expected FSE fails if the beliefs-

determine-preferences condition does not hold: types with the same beliefs have to

have the same preferences and vice versa; a condition that can fail in rich type spaces

(Farinha Luz, 2013). While earlier studies have argued that the beliefs-determine-

preferences property is not generic in rich type spaces (Barelli, 2009; Heifetz and Nee-

man, 2006), later studies have shown that it is (Chen and Xiong, 2011; 2013; Gizatulina

and Hellwig, 2017). With more general preferences, the beliefs-determine-preferences

condition is no longer necessary: expected FSE remains feasible even if two types share

the same belief but have different preferences, as long as the allocation satisfies interim

rent maximisation. Future work may investigate the prevalence of vNM utility func-

tions admitting allocations satisfying interim rent maximisation in more general terms

than provided here.

A common critique of the Crémer and McLean FSE result highlights that the stochastic

transfers implied by expected FSE are not observed in reality. But, FSE can be based

on mechanisms that do not rely on these stochastic payments. FSE is feasible without

any stochastic payments if implementation is based on the interim rent maximisation.
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Chapter 3

Private Benefits of Influence

Abstract This paper presents a dynamic theory of large shareholders, so called block-

holders, appropriating excess value per share, i.e. private benefits, when day-to-day

control over the firm has been delegated to a professional manager. I show that influ-

ence over the manager’s incentives through contract design and monitoring is sufficient

for private benefit extraction. But, having to rely on indirect influence induces ineffi-

ciencies in the solution to the managerial moral hazard problem if incentive pay has to

be tied to public revenues. These inefficiencies can be eased by using bonus payments

paid at the discretion of the blockholder. Further, I show that private benefit extrac-

tions is simpler to achieve if the blockholder follows a passive investment strategy (e.g.

by tracking an index) as opposed to actively picking stocks. A blockholder with an act-

ive investment strategy can exit the firm at will. Compared to her passive counterpart,

this lack of commitment to not exit limits the active blockholder in her relationship

with the manager.
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3.1 Introduction

In widely-held firms with many small shareholders where ownership has been divorced

from control and the day-to-day decision making has been delegated to a professional

manager, large shareholders, so-called blockholders, have to take on any costly corpor-

ate governance (Shleifer and Vishny, 1986; 1997).1 Particularly, blockholders monitor

and vote in shareholder meetings. Even though control over the company is left to a

manager, owning a significant block of shares is associated with considerable influence:

by directly shaping managerial incentives, blockholders indirectly influence firm out-

comes.

It is empirically well established that blockholders appropriate more value than their

equity stakes imply; so called private benefits (Barclay and Holderness, 1989; Dyck and

Zingales, 2004; Nenova, 2003; Nicodano and Sembenelli, 2004; Zingales, 1994). Poten-

tial sources of private benefits are many and, in this paper, I define private benefits

very broadly as any divergence in preferences between different (groups of) shareholders

over firm actions. Some private benefits, such as theft, are clearly illegal; others – like

self-serving transactions – are legal grey zones and harder to detect: empire building,

expropriation of corporate opportunities, loan guarantees using the firm’s assets, stra-

tegic related party transactions, and common ownership concerns can all be understood

as private benefits. Additionally, this definition of private benefits also covers genuine

differences in preferences – without any nefarious ulterior motive – such as heterogen-

eous ESG, time, and risk preferences. In general, private benefits, also referred to as

tunneling, can take the form of financial and real transactions (Burkart et al., 1997;

Dyck and Zingales, 2004; Johnson et al., 2000). All these different potential sources

of private benefits are linked by a common aspect: they need extracting. Private be-

1The minimal equity position to be considered a blockholder varies by study. Usually, they are
defined as any entity holding at least 5% of a firm’s common stock. Using this cutoff, Holderness
(2009) reports that 89% of his sample of S&P 500 firms have at least one blockholder.
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nefits, regardless of their source, require an action to be taken (or avoided). Private

benefit extraction requires control over firm choices. Since operational control remains

with the manager, blockholders have to rely on their influence to incentivise the man-

ager to extract private benefits on their behalf. The desire of blockholders to extract

private benefits cannot be separated from their role as corporate monitors and their

relationship with the manager. Consequently, the blockholder has to induce private

benefit extraction while taking other corporate governance objectives into account, for

example the general need to incentivise the manager to exert effort in leading the firm.

In their role of corporate stewards, blockholders and managers interact repeatedly with

each other as long as the blockholder does not divest from the firm. An important

factor shaping the corporate governance relationship is thus its expected length which

depends on the blockholder’s investment strategy: active investors invest and divest at

will, while passive investors hold an exogenously determined portfolio, e.g. as indicated

by an index.

To investigate how blockholders following different investment strategies can appropri-

ate private benefits of influence, I develop a dynamic model of a widely-held firm with

one blockholder who is either an active or passive investor. The crucial assumption un-

derlying the main trade-off is the inability to directly contract on private benefits: due

to their legally questionable nature, private benefits have to remain (almost) unverifi-

able by a third party, primarily courts. Thus, any contractual managerial incentive pay

cannot formally condition on them. Instead, managerial incentive pay, if included at all,

have to be tied to publicly appropriable cash flows, comparable to stock options. Con-

tract are thus incomplete in two crucial dimensions. First, as standard, the manager’s

effort choice is not contractible and the manager is thus subject to a moral hazard prob-

lem. Second, private benefit extraction cannot be included in the managerial incentive

contract. Both, exerting high effort and private benefits extraction, have to be incentive
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compatible for the manager. The blockholder thus tries to achieve these two goals with

the two tools at her disposal: she can design the manager’s compensation contract and

engage in costly monitoring to complement the contractual incompleteness.

As a result of the incomplete contracts, a tension between high-powered incentives

and private benefit extraction emerges. The blockholder can offer a contract with

high-powered incentives making the manger’s payoffs sensitive to publicly-appropriable

revenues. While this incentivises the manager to exert high effort, it also ties the man-

ager’s incentives to the public cash flows and dis-incentivises private benefits extraction.

Else, the blockholder offers a contract with low-powered incentives such that the man-

ager’s payoffs do not vary with firm outcomes. Then, the manager has no contractual

incentives to exert high effort, but he is also indifferent over firm outcomes and is thus

willing to extract private benefits on behalf of the blockholder. In one-shot interactions,

monitoring is then the blockholder’s only way of breaking this tension. A (sufficiently

large) blockholder finds it optimal to complement a contract with low-powered incent-

ives with privately costly monitoring as this induces the manager to extract private

benefits while exerting high effort with some probability. New opportunities to break

the tension between high-powered incentives and private benefits extraction become

available to the blockholder in repeated interactions. If the blockholder and manager

interact more than once, the blockholder can offer the manager a wage premium con-

ditional on the manager exerting high effort and extracting private benefits. The loss

of this wage premium in the future then incentivises the manager without the need

to rely on costly monitoring. Dynamic incentive provision becomes important because

of the additional contract incompleteness induced by private benefits. Regardless of

how the blockholder incentivises private benefit extraction, it does not only represent

a direct loss in revenue for the other shareholders but has a secondary adverse effect:

to influence the manager to extract private benefits, the blockholder either implements
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low-powered incentives or offers excess compensation to the manager. In the first case,

the managerial moral hazard is, at best, partly solved through costly monitoring, while

in the second case the shareholders pay a higher wage bill than would be necessary if

the blockholder were to forego her private benefits.

The additional inefficiency introduced by private benefits extraction is independent of

the investment strategy of the blockholder. But, dynamically, passive investors find it

easier to extract private benefits compared to their active counterparts and are thus

predicted to do so more often. Since a passive investor cannot exit at will, it is certain

that the relationship between the manager and the passive investor continues into the

future. A passive investment strategy acts as an implicit commitment device allowing

the passive blockholder to credibly promise to pay the wage premium in perpetuity if the

manager does not deviate from the equilibrium strategy. This is incentive compatible

if both the blockholder and the manager are sufficiently patient. An active investor, on

the other hand, only stays with the firm until a better investment opportunity presents

itself. This lack of commitment impedes her from fully capitalising on her relationship

with the manager in the meantime. Differently than for the passive investor, an active

investor can only rely on dynamic incentive provision to extract private benefits for

intermediate levels of patience. This is driven by the active investor’s option to sell her

block on a (perfectly efficient) financial market. There, the price the active investor

receives for her shares upon exit reflects the discounted future firm profits. As the

retail investors populating the financial market become more patient, the share price

increases making exit more profitable. This has two consequences: first, all else equal,

private benefit extraction is more expensive to incentivise dynamically for an active

investor. As the market becomes more patient and exit becomes more likely, the wage

premium that has to be paid to the manager increases more and more. This lowers

the returns for the active investor, which increases the relative profitability of exit even
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more. This process makes cooperation between the active investor and the manager

first more difficult and finally impossible to sustain as the market becomes very patient.

Second, the choice to exit firmly frames the relationship between the active blockholder

and the manager within the context of the larger economy. Exit is fundamentally a

comparative exercise between the returns the blockholder can achieve in the firm and

her next-best option. Only if the other investment opportunities in the economy are

such that exit is not exceedingly likely can the blockholder rely on her repeated inter-

actions with the manager at all.

Finally, to determine in how far the tension between high-powered managerial incentives

and private benefit extraction is driven by the contracting assumptions, I extend the

analysis to include relational contracts featuring a fixed wage with a bonus payment, not

specified in any formal contract and purely sustained by dynamic incentive compatibil-

ity (Levin, 2003; MacLeod and Malcomson, 1989). Compared to contractual incentive

pay tied to cash flows, relational contracts allow the blockholder to induce high-powered

incentives that are not tied to public cash flows. Then, the blockholder can influence

the manager to exert high effort while extracting private benefits without having to

pay a compensation premium. Consequently, the blockholder extracts private benefits

for a larger parameter space than with contractual incentive pay, but the extraction is

less wasteful. As with contractual incentive pay, dynamic incentive provision through

relational contracts is more expensive for the active than for the passive investor since

the manager has to be compensated for the possibility that the active investor exits the

relationship.

The rest of the paper is organised as follows: Section 3.2 discusses the related literature.

Sections 3.3 and 3.4, first set-up and then solve the model with contracted for incentive

pay. I introduce relational contracts in Section 3.5. Section 3.6 discusses and concludes.
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3.2 Related Literature

Blockholders & Corporate Governance Most broadly, this paper relates to the

literature on blockholders in corporate governance. See Brav, Malenko and Malenko

(2022), Dasgupta, Fos and Sautner (2021), Edmans (2014), Edmans and Holderness

(2017) and Holderness (2003) for reviews.

Exit: The sole exogenous distinction between active and passive investors is the active

investor’s option to sell her shares. This connects this paper to the theoretical literature

on exit by blockholders. Previous studies have assumed that blockholders have addi-

tional private information about the firm compared to the market. The credible threat

of exit by trading on this private information functions as an additional governance tool

allowing the blockholder(s) to discipline management (Admati and Pfleiderer, 2009;

Cvijanović et al., 2022; Dasgupta and Piacentino, 2015; Edmans, 2009; Edmans, Levit

and Reilly, 2019; Edmans and Manso, 2011). Here, exit limits the active investor by

lowering the commitment to stay invested. Taken together, these results imply that

exit is a double-edged sword: while it can be used as a disciplining device, it also limits

the scope for a mutually beneficial relationship between management and the active

blockholder.

Passive versus Active Investors as Monitors: It is still an open question if passive in-

vestors are more or less effective at corporate governance than active investors. While

some papers argue that index funds are efficient at corporate governance (Appel et al.,

2016; Farizo, 2022; Fisch et al., 2019; Kahan and Rock, 2020), other studies argue the

opposite (Bebchuk and Hirst, 2019; Brav, Jiang et al., 2020; Brav, Jiang et al., 2023;

Heath et al., 2022; Schmidt and Fahlenbrach, 2017). Additionally, Corum et al. (2021)

propose that the effect of passive investing on corporate governance is non-monotone;

positive at first, turning negative as passive investors become very large. In my paper,

passive investors find it easier to extract private benefits, but this does not necessarily
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imply that they are more effective at overall governance, since private benefits make

efficiency deliberations considerably harder.

Dynamics with Blockholders: Finally, Back et al. (2018), DeMarzo and Urošević (2006)

and Stoughton and Zechner (1998) also consider the dynamic implications of large

shareholders. Differently from previous studies, the model presented here is less fo-

cused on the relation between a large shareholder, monitoring, market conditions, and

asset prices. Instead, I focus on dynamic incentive provision within the bilateral rela-

tionship between the blockholder and the manager when not all shareholders share the

same preferences.

Private Benefits This paper also relates to the literature on private benefits. Of

particular relevance here is the study by Anton et al. (2023) who investigate optimal

managerial compensation in a static industry equilibrium with common ownership con-

cerns. There, the authors find that common ownership concerns – one potential source

for private benefits – reduces the optimal responsiveness of managerial compensation

to firm outcomes.

Takeovers: Starting with the seminal contributions by Grossman and O. D. Hart (1980;

1988), it has been understood that private benefits play an important role in facilitat-

ing corporate takeovers and corporate decision rules, e.g. voting structure, mandatory

bid rules (Bagnoli and Lipman, 1988; Bebchuk, 1989; Burkart et al., 1998; Burkart

et al., 2000; Burkart et al., 2006; Holmström and Nalebuff, 1992; Song, 2017). I com-

plement these studies by analysing the effect of private benefits on the functioning of

the firm without an imminent contest for control when firm insiders interact with each

other repeatedly. I also focus on the non-contractible side of corporate governance (e.g.

monitoring) and operational managerial incentive design to complement the previous

attention paid to formal corporate decision rules.
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3.3 The Model

This section introduces the model with contractual incentive pay. Commonly used

notation is summarised in Appendix C.1.

This is a dynamic model of one large, widely-held firm. Time is discrete and indexed

by t. Let Et(·) denote the expectation at time t.

The Actors The model entails three types of actors: the blockholder (she), the

manager (he), and retail investors (they). All agents are risk-neutral and discount the

future with a common discount factor δ ∈ (0, 1).

The blockholder i is exogenously endowed with an investment strategy which is either

passive (i = P ) or active (i = A). In period t, the blockholder holds 100 ∗ sit percent

of the firm’s shares. The blockholder can monitor management and, if she follows an

active investment strategy, she may also sell her shares.2

The retail investors r are assumed to free-ride on corporate governance. They jointly

hold 100 ∗ srt percent of the firm’s shares.

The manager, m, makes two choices in each time period: his effort level, et, and an

action, at. Both choices are discrete.

et =


eH = 2

eL = 1

& at =


ai ∀i ∈ {P,A}

ar

Monitoring The action at is perfectly observable, but non-contractible since the

manager is assumed to have control. Effort et can only be made observable through

monitoring which is public. Monitoring is associated at a private cost of κ > 0. The

2I assume that if the active investor exits, she sells all of her shares.
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monitoring choice by blockholder i ∈ {P,A} is denoted mi
t:

mi
t =


1 if blockholder i monitors in period t

0 if blockholder i does not monitor in period t

Monitoring results in the shareholders being able to demand management to remedy

his effort: if the manager has exerted low effort and is then monitored, he is forced to

change his effort choice to high and is also subject to a private cost of ψ > 0.

Definition D9 (Mixed Strategies). Let εt = Pr(et = eH) denote the probability with

which the manager chooses high effort. Define µit = Pr(mi
t = 1) as the probability with

which blockholder i monitors in period t.

Revenues The firm revenues are increasing in the manager’s final effort based on his

effort choice, et, and the blockholder’s monitoring decision, mi
t, which can be conveni-

ently summarised as min{et+mi
t, 2}. The publicly appropriable revenues are maximised

by the action ar.

V r(at, et,m
i
t) = min{et +mi

t, 2}V (at)

with ar = argmax
at

V r(at, et,m
i
t)

A blockholder i can appropriate private benefits b > 0 if the manager chooses the action

associated with the blockholder, ai.3

∀i ∈ {P,A} : V i(at, et,m
i
t) = min{et +mi

t, 2}
[
V (at) + b1{at = ai}

]
with ai = argmax

at

V i(at, et,m
i
t)

3The size of the private benefits, b, is assumed the same for all blockholder, regardless of their
investment strategy. Additionally, I assume that V (aP ) = V (aA).
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With a slight abuse of notation, let V r(at, εt, µ
i
t) and V

i(at, εt, µ
i
t) denote the expected

value of V r(at, et,m
i
t) and V

i(at, et,m
i
t), respectively, under mixed effort and monitoring

strategies.

Compensation Contract The blockholder designs the manager’s compensation con-

tract. By assumption, the contract specifies a fixed wage, wt, and incentive pay, smt ,

tied to the firm’s publicly appropriable revenues, smt V
r(at, et,m

i
t).

4 The manager has

an outside option equal to
¯
w ≥ 0. Let Wt = wt+ s

m
t V

r(at, et,m
i
t) denote the manager’s

wage bill. If no blockholder has invested in the firm, a default contract with smt = 0

and wt =
¯
w materialises.

Financial Markets The market for the firm’s shares is efficient. The price for 100%

of the firm’s shares equals the long-run, discounted, expected publicly appropriable firm

profits.5

pt = Et
( ∞∑

q=t

δq−t
[
V r(aq, eq,m

i
q)−Wq

])

Alternative Investment Opportunity If the active investor exits the firm, she

has an alternative investment opportunity with a per period payoff of RA
t ∈ R++ per

e invested. One opportunity materialises each period and, once discarded, the active

investor cannot invest in it later. Across time, the returns are identically and independ-

ently distributed (iid) following a cumulative distribution function (CDF) FRA(x).
6

4As mentioned in the introduction, private benefits have to be non-verifiable by a court. Thus,
the manager’s contract cannot be tied to these private benefits if it is to be enforceable. I consider
relational contracts that place fewer restrictions on verifiability in Section 3.5.

5Then, by construction, retail investors are always willing to sell and buy shares at the prevailing
market price.

6Under the assumption of efficient financial markets, the alternative investment opportunity rep-
resents some value that is not priced-in by the market, e.g. private benefits in a different firm. Since
this opportunity represents some market mis-pricing, it is assumed independent of the discount factor.
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Static Payoffs Each period, the retail investors jointly earn their share of the publicly

appropriable firm profits:

urt = srt
[
min{et +mi

t, 2}V (at)−Wt

]
If the blockholder stays with the firm, each period, she earns her share, si, of the firm’s

private profits depending on the manager’s final effort and potentially including private

benefits.7 She has to pay the private cost κ if she chooses to engage in monitoring.

If the blockholder follows an active investment strategy and chooses to exit, she sells

her block on the financial market where she receives esitpt for her shares. She then

re-invests the capital into the alternative investment opportunity yielding a return of

RA
t per e invested.

uit =


sit
[
min{et +mi

t, 2}
[
V (at) + b1{at = ai}

]
−Wt

]
− κmi

t if i does not exit

sitptR
A
t if i = A exits

The manager’s static payoffs are his wage bill net of, if applicable, the effort cost, γ,

and the cost of being monitored after low effort ψ:

umt = Wt − γmax
{
(et − 1),mi

t

}
− ψmi

t(2− et)

Stage Game Timing Each period t has three stages:

τ = 1 The alternative investment opportunity, RA
t , materialises. If the blockholder

follows an active strategy, she can exit the firm.

7By assumption, the amount of private benefits the blockholder earns depends on the manager’s
effort choice and on the blockholder’s equity stake. Both high effort and a larger equity stake imply a
higher amount of private benefits earned. The total amount of private benefits going to the blockholder
if at = ai are sitetb.
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τ = 2 The blockholder chooses the strength of the manager’s incentive pay, smt ∈ [0, 1],

and his wage, wt. If no blockholder is present, the default contract materialises.

τ = 3 The manager chooses the action, at, and his effort level, et. The blockholder

can monitor. Payoffs realise.

The solution concept is subgame perfect Nash equilibrium (SPNE). If multiple SPNEs

exists, I focus on the blockholder preferred ones.

Parameter Restrictions Finally, I impose some parameter restrictions.

R1 The agents’ private costs are ordered as follows: 1 > ψ > κ > γ > 0.

R2 The firm value is sufficiently large: V (aj) > max{1,
¯
w,ψ + γ} for all aj ∈

{aP , aA, ar}.

R3 The conflict of interest between the different investors is not too large: 2V (a−j) >

V (aj) + b for all aj ∈ {aP , aA, ar} and all a−j ̸= aj.

3.3.1 Benchmark

The first-best benchmark is the outcome under full observability and complete contracts

and denoted by FB. Since different shareholders have heterogeneous preferences, the

first best solutions also differs.

Remark 8 (Investor j’s First-Best). For each type of investor, j ∈ {A,P, r}, the

complete contract implementing the investor j’s first-best is the same each period. The

contract specifies the investor’s preferred action, ajFB = aj, high effort with certainty,

εjFB = 1, and no monitoring µPFB = µAFB = 0. The manager’s total wage bill just

compensates him for the cost of effort and his reservation utility: W jFB =
¯
w + γ.

With complete contracts, there is no difference between incentive pay and a fixed wage.
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Because the manager’s effort and action can be specified in an enforceable contract,

only the total wage bill matters. This changes with incomplete contracts in the next

section. There, a fixed wage and incentive pay have a differential effect on the manager’s

incentives and, thus, on his choices.

3.4 Contractual Incentive Pay

In this section, I present the equilibria of the model with contracted for incentive pay.

Section 3.4.1 contains the outcome of the static game which is extended to repeated

interactions in Section 3.4.2.

3.4.1 The Static Game

I first present the SPNE of the stage game. Since we are considering the static game, I

suppress the time subscript. The proofs for this section are collected in Appendix C.2.

In the static game, the investment strategy of the blockholder is of little importance.

By the timing assumption, if the blockholder follows an active investment strategy and

chooses to exit, she does so at the very beginning of the game. Consequently, if she

engages with the manager, future exit has no bearing on the outcome as there is no

future. Corollary 4 in the appendix shows that exit is only optimal if the alternat-

ive investment opportunity is sufficiently profitable. Since exit has no impact on the

incentive provision in the static game, we will ignore it for the rest of this section.

Incentive Pay in an Incomplete Contract To begin, it is useful to consider the

managerial incentives induced by the contract when the blockholder does not monitor.
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Without monitoring, the manager maximises his payoffs given by:

um = w + smeV (a)− γ(e− 1)

Then, the manager only exerts high effort if the increase in his payoffs, smV (a), ex-

ceeds his private cost, γ: high effort requires high powered incentives, sm ≥ γ
V (a)

. But,

with high powered incentives, the manager’s compensation is sensitive to the firm out-

comes. Since the manager chooses the action to maximise his payoffs, any incentive

pay, sm > 0, induces him to choose the action to maximise public revenues, ar. Since

private benefit extraction requires the blockholder-preferred action, ai, consequently,

it requires low powered incentives, sm = 0. Thus, when deciding on the level of the

incentive pay offered in the contract, the blockholder faces a trade-off between private

benefit extraction and incentivising effort. The contract alone cannot resolve this ten-

sion because it is incomplete in both dimensions: neither effort, nor private benefits are

contractible. The blockholder has to decide which dimension – effort or private benefits

– to prioritise.

Monitoring The blockholder can choose to complement the incomplete contract with

monitoring. Since monitoring only affects the final effort choice (and not the firm ac-

tion), the blockholder never monitors if the contract specifies high-powered incentives,

sm ≥ γ
V (ar)

, since the manager intrinsically chooses high effort. Then, monitoring is

never optimal as it is costly to the blockholder, but does not change the outcome. If

sm < γ
V (ar)

, the blockholder may monitor since, without monitoring, the manager exerts

low effort. If she chooses to engage in monitoring, the blockholder does so probabil-

istically: if the blockholder were to monitor with certainty, the manager, anticipating
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this, would always exert high effort, making the costly monitoring unnecessary.8

Remark 9 (No Pure Strategy Monitoring). If the blockholder monitors, the optimal

monitoring strategy is probabilistic. The manager’s equilibrium effort choice is then

also probabilistic.

As monitoring involves a private cost to the blockholder but increases the return of

all shareholders, it is beset with free-riding concerns: the blockholder is only willing

to engage in costly monitoring if she captures a sufficiently large share of the gains,

i.e. she requires sufficient “skin in the game” (Shleifer and Vishny, 1986). For the

blockholder, this means that she has to hold a sufficiently large block. Let the cutoff

delimiting small from large blocks be denoted by s̄. (All exact cutoffs for this section

are summarised in Definition D18 in the appendix.)

Managerial Compensation Level So far, our attention has been focused on the

incentive pay in the managerial contract as it exemplifies the trade-off between private

benefit extraction and high powered incentives. In addition, the contract also features

a fixed wage, w. Since his wage does not impact the manager’s subsequent choices, the

blockholder can use the wage to ensure that the manager’s participation constraint is

binding. As a consequence, the manager only earns his reservation utility
¯
w. So, while

the incentive pay governs the manager’s marginal payoffs from his choices, the wage

determines the overall compensation level.

Further, the blockholder can maximise public revenue (and thereby implement the

retail investors’ first best outcomes) with the contract alone: high powered incentives to

induce high effort and a wage set such that the manager only earns his reservation utility.

Ergo, public revenue maximisation does not require any monitoring and monitoring is

8With certain monitoring, the final outcome would result in high effort and the associated cost γ
regardless, but choosing high effort before being monitored then allows the manager to avoid the cost
of being monitored after low effort, ψ.
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indicative of private benefit extraction.

Remark 10 (Monitoring & Private Benefits). Regardless of the blockholder’s invest-

ment strategy, monitoring is indicative of private benefits extraction.

The Static Equilibrium In equilibrium, the blockholder offers a contract anticip-

ating both the manager’s effort and action choice and his own monitoring choice. The

manager, observing the contract, chooses his effort level and action while anticipating

the blockholder’s equilibrium monitoring strategy.

Since a small blockholder, si < s̄, never monitors, she has to rely completely on the

incomplete contract for incentive provision. Because the contract can either be used to

induce high effort or to induce private benefit extraction, a small blockholder has to

choose which option is preferable. Whether she favours high effort or private benefits

then depends on the cost of effort γ, particularly, whether the cost of effort falls above

or below some cutoff γ̄.9 If the cost of effort is relatively high, i.e. if solving the moral

hazard problem is relatively expensive, she offers a contract without any incentive pay.

Then, the manager exerts low effort but is willing to extract private benefits on behalf

of the blockholder. If the cost of effort is low, a small blockholder induces the manager

to exert high effort with high powered incentives but forgoes private benefits.

A large blockholder, si ≥ s̄, on the other hand, finds monitoring optimal. She then

optimally chooses to induces the manager to extract private benefits by offering a con-

tract without any incentive pay. She then complements the contract with monitoring

so that the manager exerts high effort with strictly positive probability. Thus, the very

stark, binary choice between high effort and private benefits that a small blockholder

faces is partly lessened for a large blockholder.

The results are summarised in Proposition 11.

9The exact expression for γ̄ can also be found in Definition D18 in the appendix.
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Proposition 11 (The Static Equilibrium). In the static SPNE, the optimal contract

offered by the blockholder depends on her equity stake and the cost of high effort. Re-

gardless of the outcome, the manager only receives his outside option, um∗ =
¯
w.

Public Revenue Maximisation The blockholder offers a contract with high powered

incentives, sm∗ ≥ γ
V (ar)

, if her block is small, si < s̄, and the cost of effort is low,

γ < γ̄. Then, the manager chooses high effort with certainty, ε∗ = 1, and the

action to maximise public profits a∗ = ar. No monitoring takes place, µi∗ = 0.

Private Benefits Else, the blockholder extracts private benefits by offering a contract

without any incentive pay, sm∗ = 0. If her equity stake is sufficiently large, si ≥ s̄,

she complements the contract by monitoring with probability µi∗ = γ
γ+ψ

so that the

manager chooses high effort with probability ε∗ = 1 − κ
si[V (ai)+b]

∈ (0, 1). If the

blockholder is small, si < s̄, she does not monitor and the manager never exerts

high effort, ε∗ = 0.

Private benefit extraction occurs in two cases: either, when a small blockholder is con-

fronted with severe managerial moral hazard, or when the blockholder is large. In

either case, sacrificing high effort is worthwhile in return for private benefits. Only

small blockholders are willing to forgo private benefits if incentivising high effort is

sufficiently cheap.

In summary, in the one-shot game, the blockholder has to choose between using the

contract to solve the managerial moral hazard or to extract private benefits. An ob-

vious question is whether the blockholder can do better by leveraging her repeated

interactions with the manager. This is addressed in the next section.
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3.4.2 The Repeated Game & Commitment

In this section, I build on the results from the previous section and allow for repeated

interactions. The proofs of this section are collected in Appendix C.3.

In the static game, an active blockholder’s exit choice is made before the blockholder

ever interacts with the manager. The possibility to exit does not affect the corpor-

ate governance relationship. But, when the blockholder and the manager interact re-

peatedly, their interaction today is shaped by the blockholder’s (in)ability to exit in the

future. Her investment strategy is of first-order relevance.

Assumptions By the Folk Theorem, many strategies could potentially be supported

in equilibrium. For tractability and focus, I restrict the strategies the actors may play

by the following assumption.

Assumption A6 (Repeated Interactions). All strategies fulfil the following properties:

Stationary Strategies upto Exit On-path, all agents choose the same strategy every

period as long as the ownership structure does not change.

Grim-Trigger Strategies If, in sub-period τ of period t, the history indicates that

any party has deviated in the past, all actors revert back to the static SPNE

forever.10

Observable Mixed Strategies If any agent plays a mixed strategy, there exists a

publicly observable randomisation device indicating each period’s realisation.11

Since the considered strategies are stationary, I continue to suppress the time subscript

on everything bar the realisation of the alternative investment opportunity, RA
t .

10For simplicity, let the equilibrium of the repeated game that specifies an infinite repetition of the
static SPNE be called the static SPNE. The equilibrium only sustainable through repeated interactions
is called the repeated equilibrium.

11This assumption, taken from Fudenberg, Kreps and Maskin (1990), allows the blockholder to
distinguish between a given realisation as part of the mixed strategy and that realisation as a deviation.
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Repeated Interactions & Private Benefits In Proposition 11, we have seen that

public profits can be maximised simply through the contract by including high-powered

incentives. Therefore, there is no need to rely on repeated interactions if this were

the blockholder’s goal. Thus, the blockholder only relies on repeated interactions to

earn private benefits. We saw that, in the static game, private benefit extraction

implied that the managerial moral hazard problem was – at best – partly solved. The

blockholder then has an incentive to rely on her repeated interaction with the manager

to earn private benefits while inducing higher effort/ less monitoring than in the one-

shot interaction.

Remark 11 (Repeated Interactions: Action & Effort). In any repeated equilibrium,

the blockholder earns private benefits, a∗ = ai, while the manager exerts high effort

with strictly positive probability, ε∗ > 0.

Exit & the Financial Market Let us begin the discussion with the exit choice of the

blockholder. By assumption, exit is only an option if she follows an active investment

strategy. The blockholder exits by selling her stake on the perfectly efficient financial

market. There, her shares are worth the future discounted public profits stream.

The blockholder exits if the per-period returns from selling her shares, sipRA
t , exceed

the per-period returns from staying invested in the firm, si[V i(a, ε, µi) −W ].12 Intu-

itively, the blockholder exits if the alternative investment opportunity is sufficiently

profitable (see Lemma 19 in Appendix C.3). Potentially less intuitively, the definition

of sufficiently profitable now depends on the discount factor through the share price:

at the moment the blockholder puts up her shares, the share price equals the future

discounted profits of the firm without any blockholder (i.e. under the default contract):

the higher the discount factor, δ, the higher these discounted profits, and the higher

12The discount factor cancels out of this comparison. Implicit here is the assumption that future
investment opportunities are independent of today’s portfolio.
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the share price; and the higher the share price, the higher the per-period returns from

exit. Then, for each realisation of the alternative investment opportunity, RA
t , there

exists a cutoff discount factor δ̃(ε, a,W,RA
t ) such that exit is optimal if and only if

δ > δ̃(ε, a,W,RA
t ).

Since future alternative investment opportunities, RA
t+q with q ≥ 1, are stochastic,

whether the blockholder exits or stays with the firm in the future is also probabilistic.13

It will be convenient to express this uncertainty through the blockholder’s probability

of not exiting, i.e. of staying with the firm.

Definition D10 (Probability of Staying with the Firm). Let σ(ε, a,W ) denote the

probability that the active investor does not exit the firm:

σ(ε, a,W ) ≡ Pr
(
δ ≤ δ̃(ε, a,W,RA

t )
)

Discounting & Commitment With the previous discussion of exit, we can now dis-

cuss discounting. Shared by all actors is the parametric discount factor, δ, representing

exogenous patience or survival probability. But, when assessing the value of future pay-

offs stemming from the firm, both the blockholder and the manager also need to take

into account for the probability with which their bilateral relationship continues. This

is simple if the blockholder follows a passive investment strategy as she cannot divest.

But, if the blockholder follows an active strategy she can exit and thus the probability

that her and the manager interact again next period is simply σ(ε, a,W ). We can then

define the effective discount factor the actors use to discount the future.

Definition D11 (Effective Discount Factor). The effective discount factor used to value

the future depends on the investment strategy of the blockholder and, if she follows an

13Since RA
t is iid over time and governed by the static CDF FRA(·), the probability of exit is constant

across time.
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active investment strategy, on the effort, action, and compensation choices:

δ̂ i(ε, a,W ) =


δ if i = P

δσ(ε, a,W ) if i = A

Since σ(ε, a,W ) ∈ [0, 1), it follows that δ̂A(ε, a,W ) < δ̂P (ε, a,W ).14 The active in-

vestor is effectively less patient than the passive one, even though both share a common

exogenous discount factor, δ. The lower effective discount factor of the active investor

captures that the relationship between the active investor and management is less likely

to continue into the future due to endogenous exit. The effective discount factor associ-

ated with each agent and strategy is summarised in Table 3.1 where {εs, as,W s} are the

optimal choices in the static SPNE. After a deviation, the manager always discounts

with factor δ: in each static equilibrium, the manager receives his reservation utility

regardless of which, if any, blockholder has invested in the firm.

Effective Discount Factor: δ̂ i(·)
Agent On-Path Deviation

Passive Investor δ δ

Active Investor δσ(ε∗, aA,W ∗) δσ(εs, as,W s)

Manager δ̂ i(ε∗, a∗,W ∗) δ

Table 3.1: Effective Discount Factors

Note: Table 3.1 summarises the effective discount factors. The passive investor discounts with
the parametric discount factor, δ, both on- and off-path. The active investor’s effective discount
factor is the product of the parametric discount factor, δ, and the probability of staying with
the firm, σ(·). On-path, the manager discounts with the effective discount factor implied by the
blockholder. Off-path the manager always discounts with the parametric discount factor, δ.

14The fact that σ(ε, a,W ) < 1 is driven by the assumption that the distribution of RA
t is unbounded

from above: regardless of the firm profits, there always exists a RA
t sufficiently profitable to warrant

exit.
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Monitoring & Contracts In the static equilibrium, private benefit extraction re-

quires low powered incentives and the blockholder’s only available threat to incentivise

high effort is monitoring. Repeated interactions open up a new avenue to incentivise

effort: the threat of returning to the static equilibrium should the manager deviate.

Repeated interactions make monitoring unnecessary. Any target probability of high

effort can be sustained more cheaply by making it dynamically incentive compatible to

the manager.

Lemma 4 (No Monitoring). The repeated equilibrium features no monitoring.

Without monitoring, all incentives have to be provided by the contract. The exact

form of the optimal contract then depends on the probability of high effort the block-

holder wants to induce in the manager. Lemma 23 in the appendix summarises the

optimal contract for each ε > 0. Crucially, the optimal contract implies a compens-

ation premium: the manager’s total wage bill W ∗(ε, ai, σ), net of the expected effort

costs, εγ, exceeds the manager’s reservation utility
¯
w. The prospect of switching from

the repeated equilibrium with the implied compensation premium back to the static

equilibrium in which the manager only earns his reservation utility is the credible threat

that sustains high effort, ε∗ > 0, in conjunction with private benefits extraction without

monitoring.

Lemma 5 (Compensation Premium). The manager’s wage bill net effort costs exceeds

his reservation utility: W ∗(ε, ai, σ) − εγ >
¯
w. The manager’s total compensation is

decreasing in the blockholder’s probability of staying with the firm: ∂W ∗(ε,ai,σ)
∂σ(ε,ai,W ∗)

< 0.

The size of the manager’s compensation premium depends crucially on the probability

with which the blockholder stays with the firm, σ(ε∗, ai,W ∗): the higher this probab-

ility, the lower the manager’s compensation premium. As the passive investor always

stays invested with certainty, passive investors can influence the manager to implement

92



Private Benefits of Influence 3.4. CONTRACTUAL INCENTIVE PAY

a given {ε, ai} at a lower cost. The intuition is simple: since the passive investor never

exits the firm, the relationship between the investor and the blockholder certainly con-

tinues. The manager expects to earn the compensation premium in perpetuity. But,

the same is not true for the active investor: if a sufficiently profitable alternative invest-

ment opportunity materialises, she exists. Then, the manager is subject to the default

contract going forward and no longer earns any premium. The active investor then has

to compensate the manager for this lower probability of the relationship continuing by

paying a higher compensation premium. The active blockholder’s inability to commit

to not exit makes private benefit extraction more expensive before any exit occurs.

Exit & Existence of the Repeated Equilibrium Compared to a passive block-

holder, higher costs are not the only disadvantage a blockholder with an active invest-

ment strategy faces; the repeated equilibrium may not exists at all. The blockholder

and manager can only rely on repeated interactions if repetition is sufficiently likely –

exit cannot be too attractive. So, what is sustainable in the relationship between the

manager and blockholder partly depends on other investment opportunities in the eco-

nomy. But, how profitable other investment opportunities are, in relative terms, also

depends on what is sustainable within the relationship. We then require a probability

of staying with the firm, σ(ε, aA,W ∗), that is consistent with both, the outcomes within

and outside the dyad. This interrelation can be summarised in the following equation:

g(σ, ε, δ) = FRA

(
(1− δ)

V A(aA, ε, 0)−W ∗(ε, aA, σ)

V (ar)−
¯
w

)
− σ (3.1)

Remark 12 (Consistent σ(ε, aA,W ∗)). Given an effort level ε, the set of consist-

ent probabilities of staying with the firm is given by the roots of Equation (3.1):

σ(ε, aA,W ∗) such that g(σ(ε, aA,W ∗), ε, δ) = 0.
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The trivial root, σ(ε, aA,W ∗) = 0, always exists. But, σ(ε, aA,W ∗) = 0 implies that

the active investor exits the firm next period with certainty, bringing us back to the

static outcome. Further, any root of Equation (3.1) is strictly below one: FRA(x) is

the CDF of the alternative investment opportunities RA
t , where R

A
t ∈ R++ without any

upper bound. Thus for any finite number x, FRA(x) < 1. If the blockholder follows an

active investment strategy, she can only take advantage of the repeated interactions if

Equation (3.1) admits a root falling into the open unit interval (0, 1).

Definition D12 (Consistent σ(ε, aA,W ∗)). Let Ω(δ) denote the set of all roots of

equation (3.1) for a given discount factor δ and let σ̄(δ) denote the largest of these

roots:

Ω(δ) ≡
{
σ > 0 | ∃ε : g(σ, ε, δ) = 0

}
& σ̄(δ) ≡ supΩ(δ)

The active investor is only able to rely on repeated interactions if the set Ω(δ) is non-

empty so that σ̄(δ) is finite.15 Whether this holds depends crucially on the functional

form of the distribution of alternative investment opportunity, FRA(·), and is exogenous

to the active investor.

Assumption A7 (Consistent σ(ε, aA,W ∗)). Assume that the set Ω(δ) is non-empty.

Effort The optimal contract ensures that any probability of high effort, ε, the block-

holder wants to induce can be made incentive compatible for the manager. So far,

we have considered the optimal choices given a fixed ε. Now, let us consider which

effort strategy the blockholder finds optimal. This again depends on the blockholder’s

investment strategy and, if she follows an active one, on Assumption A7.

Lemma 6 (Blockholder-Preferred Effort Strategy). If the blockholder follows a passive

investment strategy, she induces high effort with certainty: ε∗ = 1

15I follow the convention that sup ∅ = −∞.
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If the blockholder is an active investor and Assumption A7 is satisfied, her preferred

effort strategy induces the highest, consistent probability of staying with the firm:

ε∗ such that σ(ε∗, aA,W ∗) = σ̄(δ)

If Assumption A7 is not satisfied, the active blockholder cannot rely on repeated inter-

actions.

A blockholder with a passive strategy induces the manager to exert high effort with a

weakly higher probability than an active investor. This is due to two factors: first, for a

given effort strategy ε, a passive blockholder has to leave a lower compensation premium

to the manager (Lemma 5). Inducing higher effort is cheaper for the blockholder if she

follows a passive rather than an active investment strategy. Second, while the marginal

benefits of increasing the probability of high effort, V (aA)+b, are constant, the marginal

cost ∂W ∗

∂ε
need not be (see Lemma 20 and Corollary 5 in the appendix). The marginal

costs are also constant if the blockholder follows a passive investment strategy and,

thus, her probability of staying with the firm does not react to changes in ε. But, if

the blockholder has the option to exit, the marginal cost of higher effort are non-linear,

implying that – at times – the optimal effort strategy is interior.

The Repeated Equilibrium So far, we have characterised the repeated equilibrium:

it features private benefit extraction, a∗ = ai, no monitoring, µ∗ = 0, a probability of

high effort as described in Lemma 6, and a managerial compensation premium. It

remains to determine when this outcome is sustainable. This then depends on the

discount factor, δ, the cost of effort γ, and the blockholder’s investment strategy.

If the blockholder follows a passive investment strategy, a very common picture emerges.

If the blockholder and the manager are not very patient, the static equilibrium prevails,
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while the blockholder implements the repeated equilibrium if patience is sufficiently

high. The cutoff between high and low patience can simply be described by a cutoff

discount factor, δ̄P , that is increasing in the cost of effort. The higher is γ, the more

profitable are deviations for the manager, and the more patient do the blockholder and

manager need to be to rely on repeated interactions.

But, if the blockholder follows an active strategy, relying on repeated interactions is

more complicated. As for the passive blockholder, we can describe the parameter

combinations for which the repeated equilibrium is sustainable by a cutoff discount

factor, here δ̄A. First, Assumption A7 has to hold for δ̄A to exist, which is outside the

blockholder’s control. Else, the active blockholder cannot rely on repeated interactions

with the manager for incentive provision. Additionally, a blockholder engaged in active

investing can only rely on repeated interactions if patience is neither too low nor too

high. If δ grows too large, any active blockholder reverts back to the static equilibrium:

fundamentally, this is not driven by the blockholder or the manager, but by the retail

investors populating the financial market. If the market is sufficiently patient, the share

price (i.e. future discounted publicly appropriable profits) increases, making it more

and more profitable for the blockholder to sell her shares. The manager, anticipating

that a higher share price makes exit more attractive, demands a higher and higher

compensation premium, making exit even more attractive. This leads to the break-

down of the repeated equilibrium for high levels of patience.

To formalise this, I define a set, Θi, that describes the combinations of discount factor

and cost of effort, {δ, γ}, for which the repeated equilibrium materialises. (For a more

intuitive visual representation, the reader may want to skip to Figure 3.1 first.)

Definition D13. Let Θi denote the set of discount factors and costs of effort, {δ, γ}
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falling into the area between the cutoff δ̄i(δ, γ) and the δ-axis.

Θi ≡


{
{δ, γ} | δ ≥ δ̄P (δ, γ)

}
if i = P{

{δ, γ} | δ ∈
[
minδ δ̄

A(δ, γ),maxδ δ̄
A(δ, γ)

]}
if i = A

The blockholder then induces the repeated equilibrium, extracting private benefits, ai,

and high effort with probability ε∗, if the pair of discount factor and cost of effort,

{δ, γ}, fall into the set Θi. For this to be feasible, Θi has to be non-empty.

Remark 13. Θi is non-empty if either (i) the investor is a passive investor, i = P , or

(ii) if she is an active investor, i = A, and Assumption A7 holds.

The full equilibrium is described in the following proposition.

Proposition 12 (Repeated Equilibrium). Whether repeated interactions with the man-

ager allow the blockholder to improve on the static outcomes depends on whether the

combination of the discount factor, δ, and the cost of effort, γ, fall within the set Θi.

Static Equilibrium, {δ, γ} ̸∈ Θi The equilibrium is equivalent to the static equilib-

rium from Proposition 11 repeated each period.

Repeated Equilibrium, {δ, γ} ∈ Θi The equilibrium induces the manager to exert

high effort with positive probability, ε∗ > 0. The blockholder appropriates private

benefits, a∗ = ai, and does not monitor µ∗ = 0. The manager’s final payoffs are

strictly larger than his reservation utility, um∗ >
¯
w.

A sketch of Proposition 12 is provided in Figure 3.1.

Comparing when the repeated equilibrium can be supported by a blockholder following

a passive versus an active investment strategy, it should not be surprising that a passive

strategy allows to rely on dynamic incentive provision for a larger parameter space.
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γ̄
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δ̄P
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S

R

(a) Passive blockholder, i = P

δ

γ

γ̄1

1

δ̄A

S S

S

R

(b) Active blockholder, i = A

S Static equilibrium from Proposition 11
um∗ =

¯
w

R Blockholder-preferred repeated equilibrium

µ∗ = 0, ε∗ ∈ (0, 1], a∗ = ai, um∗ >
¯
w

Figure 3.1: Dynamic Equilibria

Note: Figure 3.1 shows the equilibrium as a function of the cost of effort, γ, and the discount

factor, δ. The cutoff discount factor δ̂i delineates the area in which the static SPNE, S , from
Proposition 11 prevails from the area in which the blockholder induces her preferred repeated

equilibrium, R . Regarding the active blockholder in Figure 3.1b, the cutoff discount factor δ̂A

only exists if Assumption A7 holds. Else, the static SPNE S prevails for all {δ, γ}.

Corollary 3. Assume the same block size, sA = sP . If the parameters are such that

the the blockholder induces the repeated equilibrium with an active investment strategy,

she would also do so with a passive strategy but not necessarily vice versa: ΘA ⊂ ΘP

In summary, repeated interactions between the blockholder and the manager can extend

the scope for private benefits extraction, but the possibility of exit matters. Particularly,

the lack of commitment to not exit makes it more expensive and potentially impossible

for a blockholder with an active strategy to take advantage of the repeated interactions
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compared to a passively investing blockholder.

So far, we have considered contracts including a fixed wage and incentive pay tied to

publicly appropriable profits. Since these contracts are incomplete in two dimensions,

neither high effort nor private benefit extraction are contractible, the contracts can

only be used to induce one or the other. Offering a compensation premium to the

manager combined with the credible threat to withdraw it in case of deviation can

lessen this tension but at the cost of leaving excess compensation to the manager. Even

with dynamic incentive provision, private benefit extraction introduces an inefficiency

into the solution of the managerial moral hazard problem which would not occur if

the blockholder would forgo private benefits. This is due to the ex-ante nature of the

contracts: the manager’s compensation is fully determined before he makes any choices.

The blockholder has no ex-post disciplining device. Potentially counter-intuitively,

in the next section, we will see that even more incomplete formal contract can help

resolve this tension if, in addition, the blockholder is given a backward looking incentive

provision tool.

3.5 Relational Contracts

Until now, we have assumed that the manager’s incentive pay is specified in the ex-

ante contract and tied to the publicly appropriable revenues. A different approach

to incentive provision in repeated interactions are relational contracts (Levin, 2003;

MacLeod and Malcomson, 1989). A relational contract features a wage, wt, specified in

an enforceable contract and a discretionary bonus payment dt(a, ε) only sustained by

the relationship between the blockholder and the manager alone. The bonus payment

is not including in a formal contract and paid out after the manager has made his

choices and the outcome has materialised. Let the optimal choices under the relational
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contract be denoted R. The proofs for this section are contained in Appendix C.4.

Assumptions To keep the discussion focused, I assume that the blockholder is large,

so that the static equilibrium features monitoring (see Proposition 11).

Assumption A8. Assume the blockholder’s equity stake is sufficiently large, si ≥ s̄.

The blockholder can decide on the discretionary bonus payment which is paid out of

the firm’s revenues. To keep comparability with the previous section, I focus on sta-

tionary relational contracts that induce stationary equilibrium strategies and continue

to suppress the time subscript.16

Constraints & Characterisation As the bonus payment, d(·), is not specified in a

formal contract, it has to be self-enforcing. This implies that four constraints, all releg-

ated to the appendix, have to be fulfilled. First, the manager’s incentive compatibility

constraint, (IC.M), ensures that the manager does not find it profitable to choose an

effort strategy ε ̸= εR. Equally, the blockholder’s incentive compatibility constraint,

(IC.B), ensures that the blockholder finds it optimal to pay out the bonus d(·). Only

then is the promise of bonus payments credible. Additionally, the blockholder and the

manager are also subject to a participation constraint, (PC.B) and (PC.M) which en-

sure that their payoffs exceed their reservation utilities. Following Levin (2003), the

implementable contracts can then be characterised by combining the four constraints

into a dynamic enforcement constraint, (DE), and an incentive compatibility constraint

for the manager, (IC) (also in the appendix).

If any relational contract can be made to be self-enforcing, there exists a self-enforcing

relational contract that induces high effort with certainty, εR = 1, and the action that

allows the blockholder to extract private benefits, aR = ai. A feature of relational

16See Levin (2003) for an argument that stationarity is a weak restriction.
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contracts is that the fixed wage, w, can be used to transfer slack between the agents’

constraints. As a consequence, the manager is not left with any excess utility.

Lemma 7 (The Relational Contract: Characterisation). If any relational contract can

be made to be self-enforcing in equilibrium, then there exists a self-enforcing relational

contract that allows the blockholder to extract private benefits, aR = ai, while inducing

high effort with certainty, εR = 1, without any monitoring µR = 0, and without leaving

any excess utility to the manager, umR =
¯
w.

Two differences to the repeated equilibrium with contractual incentive pay deserve a

comment: first, the manager does not earn any excess utility and, second, the block-

holder always induces high effort with certainty, εR = 1, regardless of her investment

strategy.17 The choice to pay out the bonus is made after the manager makes his choices

and the blockholder has observed the outcome.18 Relational contracts thus allow the

blockholder to punish any deviation by the manager in the period it occurs, while with

contractual incentive pay, deviations can only be punished in the next period. This

immediacy of relational contracts allows the blockholder to take the slack out of the

manager’s participation constraint. In addition, it also means that incentives today are

more dependent on the blockholder’s choices this period relative to next. As a con-

sequence, incentive provision is less closely tied to the probability of the relationship

continuing making incentive provision easier for the blockholder if she follows an active

investment strategy.

Relational Contracting Equilibrium The last question to address is when rela-

tional contracts are self-enforcing, i.e. incentive compatible for both the blockholder

17From Proposition 12, with contractual incentive pay, a blockholder following an active strategy
may find it optimal to induce a lower probability of high effort.

18Since there is no exogenous uncertainty in the model and mixed strategies are assumed observable
(Assumption A6), each period’s outcome is perfectly informative about the manager’s choices.
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and the manager. Here, we again see a difference depending on the blockholder’s in-

vestment strategy.

If the blockholder follows a passive investment strategy, the relational contract can be

sustained if the blockholder and the manager are sufficiently patient, i.e. if the discount

factor falls above a cutoff discount factor, δ̄PR , that is strictly increasing in the cost of

effort, γ. If the blockholder is an active investor, there also exists a cutoff discount fact,

δ̄AR. But, this discount factor is non-monotonic and relational contracts can only be

sustained for intermediate patience levels. As with contractual incentive pay, a higher

discount factor increases the share price the active investor receives upon exit, making

it less likely for the relationship to continue. If the discount factor is sufficiently high,

this increased probability of exit makes relational contracts unsustainable. But, no

assumption similar to Assumption A7 is necessary and δ̄AR always exists. Analogously

to Definition D13, let Θi
R denote the set of discount factors and costs of effort, {δ, γ},

such that the blockholder induces the relational contracting equilibrium.

These results are formalised in Proposition 13.

Proposition 13 (Equilibrium: Relational Contracts). With relational contracts, the

equilibrium outcome depends on the discount factor, δ, and the cost of effort, γ.

Relational Contracts, {δ, γ} ∈ Θi
R The relational contract is sustainable. The

blockholder’s receives her first-best outcome.

Static Equilibrium, {δ, γ} ̸∈ Θi
R The static equilibrium in which the blockholder

monitors materialises.

The equilibria are illustrated in Figure 3.2.

Since the blockholder reaches her first best with relational contracts (if sustainable), she

clearly and strictly prefers the relational contract to contractual incentive pay. With

non-contractible private benefits, there is a material difference between incentive pay
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δ̄PR
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(a) Passive blockholder

δ

γ

1

δ̄AR

S

RC

(b) Active blockholder

S Static equilibrium from Proposition 11
um∗ =

¯
w

RC Relational contracting equilibrium

µiR = 0, εiR = 1, aiR = ai, diR(ai, 1) ≥ γ, umiR =
¯
w

Figure 3.2: Relational Contracting Equilibria

Note: Figure 3.2 shows the equilibria with relational contracts. Figure 3.2a shows the case of
a passive investor, while Figure 3.2b illustrates the outcome when the blockholder is an active
investor. In the relational contracting equilibrium, the blockholder achieves her first-best: high
effort with certainty, private benefits, and the manager captures no excess utility.

based on public revenues and discretionary bonus payments subject to the volition of

the blockholder. While tying managerial pay to publicly appropriable revenues solves

the moral hazard concerns, it also drives a wedge between the objectives of the manager

(maximising public revenues) and the objectives of the blockholder (maximising private

revenues). By relying on ad-hoc bonus payments through relational contracts, the

blockholder still provides strong incentives, while leaving the manager indifferent about

the public revenues. This makes it possible to solve the managerial moral hazard

problem efficiently while influencing the manager to extract private benefits.
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3.6 Discussion & Conclusion

Active versus Passive Investing The blockholder finds it easier to extract private

benefits if she follows a passive, rather than an active, investment strategy, due to the

increased commitment to stay with the firm. All else equal, passive investors can earn

higher (private) returns from their investments. Actively investing blockholders, on the

other hand, have the flexibility to exploit trading opportunities in financial markets.

The model presented here is inadequate to judge which investment strategy yields higher

profits, especially as I do not model if and how these (commercial) investors receive fees

from clients.

Index Restructurings In the theoretical analysis, a passive blockholder never changes

her portfolio composition. This is clearly a simplification as indices change their com-

position regularly. While the core firms can be expected to stay in the index for very

long time periods, the more marginal firms are added and removed regularly.19 The in-

creased commitment of a blockholder with a passive investment strategy mostly applies

to an index’s core firms; considerable less so to the marginal ones. As a consequence,

passive blockholders should resemble active ones more in marginal index firms.

A second implication is methodological: many papers studying the effect of passive

funds on corporate governance use index restructuring as exogenous variation.20 The

preceding analysis suggest that these firms (likely to be) affected by an index restruc-

turing are not representative because they are marginal firms.

19Boeing, for example, has been part of the S&P500 index since its inception in modern form in 1957
(S&P Releases List of 86 Companies in the S&P 500 Since 1957 2007), long before the advent of index
investing. Nektar Therapeutics, a pharmaceutical company, on the other hand, joined the S&P500 in
2018 and was removed again in 2019 (Las Vegas Sands Set to Join S&P 500; Nektar Therapeutics to
Join S&P MidCap 400; The Pennant Group to Join S&P SmallCap 600 2019; Take-Two Interactive
Software, SVB Financial and Nektar Therapeutics Set to Join S&P 500; Others to Join S&P MidCap
400 and S&P SmallCap 600 2018).

20See Heath et al. (2022) for a recent detailed discussion of the methodology and associated concerns.
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Other Sources of Blockholder Lock-In: As argued before, commitment to stay

invested in the firm simplifies the extraction of private benefits of influence. Indexing

is the most extreme form of lock-in, but other reasons exist.

Liquidity: If the financial market is very illiquid, an active investor finds it difficult to

sell her stake and likely has to accept a lower price to do so limiting exit.

This has two implications: first, as argued by La Porta, Lopez-De-Silanes et al. (1997;

1998), private benefits extractions reduces market liquidity as it makes small equity

positions less profitable. The analysis here indicates that the reverse relation also has

some bearing: reducing market liquidity facilitates private benefit extraction. While

previous studies have investigated the effect of liquidity on blockholder’s incentive to

engage in costly corporate governance (Aghion, Bolton and Tirole, 2004; Maug, 1998),

the present study implies that liquidity may affect the ease with which blockholders

can extract private benefits. As a consequence, how liquidity affects the efficiency of

corporate governance becomes more complicated to judge.

Relative Cyclicality: In the main analysis, the distribution of the alternative invest-

ment opportunity returns, FRA(·), is stationary. As a direct implication, a blockholder

following an active investment strategy exits the firm with a probability that is also

across time. This simplifying assumption does not take into account changes over the

business cycle. As exit is fundamentally the outcome of a comparative exercise, the

blockholder remains with the firm as long as no better alternative has appeared. This

makes relative differences in cyclicality of firm returns relevant. A firm with cyclical

returns is relatively more attractive during an economic boom, making exit less likely,

making private benefit extraction easier. The same argument applies to a firm with

counter-cyclical returns being relatively more attractive during an economic downturn.

While a detailed analysis of these aspects goes beyond the scope of this paper, future

work may address how different sources of blockholder lock-in affect private benefit
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extraction.

Efficiency A general discussion of the efficiency of private benefits is complicated and

not attempted here. Intuitively, it is easy to consider private benefits inefficient as they

imply non-maximised public profits. Yet, they are necessary for a proper functioning of

the market for corporate control. I also do not address whether blockholders – mostly

likely to be commercial investors – pass the private benefits on to their customers or

if they are appropriated by the blockholder. Additionally, a very broad definition of

private benefits has been employed here. Whether any deviation from public profit

maximisation is inefficient remains questionable and subject to an intense debate on

corporate purpose and responsibility (see, for example, O. D. Hart and Zingales (2022)).

While outside the scope of this paper, these questions are important for welfare con-

siderations.

Instead, it should be pointed out that blockholders needing to influence management

to extract private benefits leads to inefficiencies (independently of the efficiency ques-

tion of private benefits) if the manager’s incentive pay has to be made contingent on

publicly appropriable revenues. Two possible solutions present themselves: either, ad-

hoc bonus payments supported by relational contracts or a re-design of who captures

private benefits. These inefficiencies would not occur if the party gaining the private

benefits were in control of the firm while holding a sufficiently large ownership stake to

incentivise high effort. This pushes the optimal organisational structure towards one

where the (largest) owner and manager are the same person. To understand how private

benefits affect firm organisation, performance, and efficiency, one has to consider who

gains these private benefits and how they affect incentives and incentive provisions in

the rest of the firm.
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Conclusion In this paper, I have analysed how a blockholder can appropriate private

benefits in widely-held firms where control has been delegated to a professional man-

ager. The blockholder has to influence the manager to extract private benefits on her

behalf, while contending with managerial moral hazard. The extraction of private be-

nefits of influence depends on the the severity of the moral hazard concerns, on the

discount factor, and, crucially, on the blockholder’s investment strategy. If the block-

holder follows an active strategy, she can invest and divest at will, while she is locked

into the relationship with the firm if she follows a passive strategy, for example by

tracking an index. The lock-in implied by a passive strategy translates to an effective

commitment device, ensuring that a passively investing blockholder finds it easier and

cheaper to influence the manager to extract private benefits on her behalf. While, by

definition, active investors can exploit short-term trading opportunities, they find it

more difficult maximise the private value from an investment.

Regarding managerial incentives, private benefits of influence result in inefficiencies in

the solution of the manager’s moral hazard problem if incentive pay is tied to publicly

appropriable revenues. To gain private benefits, the blockholder either has to eschew

high-powered incentives or pay the manager a wage premium. This trade-off between

private benefits and incentives no longer occurs if the blockholder can rely on discre-

tionary bonus payments sustained by relational contracts.

The analysis has implications for the differential behaviour of passive and active in-

vestor as corporate stewards. Corporate governance is, by definition, shaped by the

relationship between the blockholder doing the governing and the manager being gov-

erned. The different results for active and passive blockholders are solely driven by the

differential expected length in this relationship due to the active blockholder’s option

to exit the firm.

Because a blockholder following an active investment strategy exits whenever a better
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investment opportunity appears, the relationship between her and the manager has to

be embedded within the wider economic context. In this paper, the distribution of

alternative investment opportunities is exogenous. In a fuller model, one may allow the

active investor to search for alternative projects. Furthermore, the model is close to

full information. Only the manager’s effort choice is contemporaneously unobservable

without monitoring, but, because output is deterministic, it can be perfectly inferred

as soon as payoffs realise. Allowing the manager to posses more private information

might be a worthwhile enterprise. Firm executive may use their informational advant-

age vis-a-vis blockholders to functionally set their own pay, earn excessive rents, and

potentially, extract private benefits themselves. This is likely to shape the relationship

between managers and blockholders. It has been omitted here, not because it is irrel-

evant or uninteresting, but to keep focus.

The repeated interactions are also simplified considerable by assuming that the strategies

are stationary (upto exit) and grim-trigger. Both restrictions are without loss of gen-

erality; if only due to the simplicity of the model. Since output is not stochastic, final

output each period perfectly reveals the manager’s choices. No punishment ever occurs

on path and the question of optimal punishment is irrelevant. In a richer model with

stochastic output, optimal punishments may become an interesting avenue to explore.

Additionally, many firms have multiple blockholder Dhillon and Rossetto (2015) and

Maury and Pajuste (2005). Thus, the relationships to consider are not necessarily bilat-

eral but tri- or even multilateral. With multiple blockholders, non-stationary strategies

may particularly be interesting to explore as even more, potentially diverging, prefer-

ences have to be considered.

The larger picture that emerges is that influence is mediated by relationships and the

incentives provided through these. A relationship-based approach to corporate gov-

ernance may be applicable to other problems as well.
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Appendix A

Chapter 1

A.1 Notation & Abbreviations

Abbreviations

MNE Multinational Enterprise FOL Foreign ownership limitations

Actors

HQ Headquarters OI Outside investor

s Generic subsidiary S Set of subsidiaries

S ≥ 3 Number of subsidiaries
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Parameters

¯
e Equity cutoff for majority ownership

ē Max. equity stake for HQ

α < 1 Output elasticity

τs Tax rate

rs ∼ U(0, 1] External interest rate

i Internal interest rate

r0 = E(rs) = 0.5 Expected external interest rate

Endogenous Choices

Ks ≥ 0 External borrowing

Is ∈ R Internal borrowing

ecs Equity stake specified in contract

e0s Original equity stake

es Final equity stake

Ps Share price for 1− ecs

r̂s Announcement

Πs Post-tax profits

ps ≥ 0 Put option price

µ∗ Shadow price of internal capital

Sets

S Set of all subsidiaries

S0
P Set of all subsidiaries with participating outside investors

SHQ Set of subsidiaries with HQ as majority owner

SOI Set of subsidiaries with OI as majority owner
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Notation

|x| Absolute value(
#A

)
Cardinality of the set A

Ex(·) Expected value w.r.t. r.v. x

1{·} Indicator function

xs Variable associated with s

x = {xs}s∈S All xs

x-s = {xv}v∈S\s All xv except xs

A.2 Internal Re-Distribution

Remark 14. Rearranging the definition of Īs ≡ Ī(Ks) yields the following implicit

characterisation:

Ī(Ks) such that iĪs =
1

α

[(
Ks + Īs

)α
−Kα

s

]

Ī satisfies the following properties:

1. Īs < 0 if and only if Ks >
[
1
i

] 1
1−α

2. Īs is decreasing in Ks:
∂Ī
∂Ks

< 0

3. If Ks <
[
1
i

] 1
1−α , then Ks + Īs >

[
1
i

] 1
1−α . If Ks >

[
1
i

] 1
1−α , then Ks + Īs <

[
1
i

] 1
1−α .

4. If Ks <
[
1
i

] 1
1−α , then ∂Īs

∂Ks
< −1. If Ks >

[
1
i

] 1
1−α , then ∂Īs

∂Ks
> −1.

Proof of Remark 14

1. Define the two functions:

f(x) ≡ ix & g(x) ≡ 1

α

[(
Ks + x

)α
−
(
Ks

)α]
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Equation f(x) is linearly increasing in x, while equation g(x) is increasing and

concave. Since f(0) = g(0) = 0, f(x) and g(x) can have at most one non-

zero intersect. Call this point x1. If this point is positive or negative is fully

determined by functions’ behaviour at the origin. If f ′(0) > g′(0), then x1 < 0. If

f ′(0) < g′(0), then x1 > 0. Solving for x such that f ′(0) > g′(0) gives the desired

result.

2. To solve for ∂Īs
∂Ks

, define the function F (Īs, Ks) ≡ 1
α

[
(Ks+ Īs)

α− (Ks)
α
]
− iĪs = 0.

By the implicit function theorem:

∂Īs
∂Ks

= −
∂F (Īs,Ks)

∂Ks
∂F (Īs,Ks)

∂Ī

= −

[(
Ks + Īs

)α−1

−
(
Ks

)α−1
]

(
Ks + Īs

)α−1

− i

3. From points 1. and 2., it follows that:

−

[(
Ks + Īs

)α−1

−
(
Ks

)α−1
]

(
Ks + Īs

)α−1

− i
< 0 →

[(
Ks + Īs

)α−1

−
(
Ks

)α−1
]

(
Ks + Īs

)α−1

− i
> 0

Since α < 1, if Īs > 0, then
(
Ks+ Īs

)α−1−
(
Ks

)α−1
< 0. Therefore,

(
Ks+ Īs

)α−1−

i < 0. This last inequality can easily rearranged to yield Ks + Īs >
[
1
i

] 1
1−α . An

equivalent argument holds for Īs < 0.

4. Point 1. states Ks <
[
1
i

] 1
1−α implies Īs > 0. As shown in the proof of point 3., this

in turn implies that
(
Ks + Īs

)α−1 − i < 0. Suppose the opposite of the statement

we want to prove were true:

∂Īs
∂Ks

= −

[(
Ks + Īs

)α−1

−
(
Ks

)α−1
]

(
Ks + Īs

)α−1

− i
> −1 → Ks >

[
1

i

] 1
1−α
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Which is a contradiction.

■

Lemma 8 (Realised Internal Capital Flows). Let IPs denote the internal capital flow

proposed by HQ. The realised internal capital flows are as follows.

1. If es ≥
¯
e, the manager accepts any capital flow proposed by HQ by assumption

and I∗s = IPs .

2. If es <
¯
e, the proposed internal redistribution is accepted only if it is of the same

sign and closer to zero than Īs.

I∗s =


IPs if IPs Īs > 0 &

∣∣IPs ∣∣ ≤ ∣∣Īs∣∣
0 else

Proof of Lemma 8 If HQ is the majority shareholder, es ≥
¯
e, the manager always

accepts the proposed internal capital flow by assumption.

If the outside investor is the majority shareholder, 1− es >
¯
e, the internal capital flow

is accepted if:

if IPs > 0:
1

IPs

1

α

[(
Ks + IPs

)α
−
(
Ks

)α]
≥ i (A.1)

if IPs < 0:
1

IPs

1

α

[(
Ks + IPs

)α
−
(
Ks

)α]
≤ i (A.2)

The left-hand side of Expressions (A.1) and (A.2) are strictly positive and decreasing

in IPs . The right-hand sides are constant. By definition, Īs equalises the two sides of

the inequalities. The result follows. ■
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Proof of Proposition 1 At t = 4, the equity distribution {es}s∈S , the associated

lump-sum transfers, {Ps}s∈S and all external borrowing have already been decided.

Let IPs denote the internal capital flow that HQ proposes. HQ’s problem then leads to

the following Lagrangian:

max
{IPs }s∈S

L({Is}s∈S) =
∑
s∈S

es(1− τs)

[
1

α

(
Ks + Is

)α
− iIs − rsKs

]
+
∑
s∈S

λs
(
Ī − IPs

)
1{IPs > 0 | es <

¯
e}

+
∑
s∈S

λs
(
IPs − Ī

)
1{IPs < 0 | es <

¯
e}

− µ
∑
s∈S

Is

If es ≥
¯
e, the first-order condition is given by:

µ∗ =es(1− τs)
[(
Ks + I∗∗s

)α−1

− i
]
− λs1{es <

¯
e & I∗∗s ≥ 0}

+ λs1{es <
¯
e & I∗∗s ≤ 0}

(A.3)

If es <
¯
e and I∗∗s ≥ 0, the associated first-order condition is:

µ∗ =es(1− τs)
[(
Ks + I∗∗s

)α−1

− i
]
− λs (A.4)

If es <
¯
e and I∗∗s ≤ 0, the relevant first-order condition is:

µ∗ =es(1− τs)
[(
Ks + I∗∗s

)α−1

− i
]
+ λs (A.5)

Setting λs = 0 and rearranging Equation (A.3) leads to the appropriate case of IUs from

114



APPENDIX A. CHAPTER 1 A.2. INTERNAL RE-DISTRIBUTION

Definition D2. If λs = 0, the expression can be rewritten as:

µ∗ + es(1− τs)i = es(1− τs)

[
1

Ks + I∗∗s

]1−α
(A.6)

If µ∗+es(1−τs)i ≤ 0, for this expression to be fulfilled, it has to hold that Ks+I
∗∗
s < 0.

This is ruled out by Assumption A1.1. Since the right hand side of Equation (A.6) is

decreasing in I∗∗s , HQ prefers to set I∗∗s as large as possible, which is
¯
I(Ks). This is the

optimal internal capital flow to a subsidiary in which (i) HQ is the majority owner or

(ii) . Rearranging Equation (A.4) or (A.5) with λs = 0 (i.e. a non-binding constraint)

leads to the same result. If HQ is the minority owner and λs > 0, HQ will clearly set

I∗∗s to the acceptable amount closest to IUs . If sgn(IUs ) = sgn(Īs), it then follows that

I∗∗s = Īs. If sgn(I
U
s ) ̸= sgn(Īs), the best HQ can do is to set I∗∗s = 0. ■

Lemma 9. With a minority owned subsidiary, es ≤
¯
e, whether any internal reallocation

occurs and, if so, the sign of the internal capital flow is fully determined by the level of

external borrowing Ks.

1. If Ks <
[
1
i

] 1
1−α , then subsidiary s is an internal borrower and I∗∗s > 0.

2. If
[
1
i

] 1
1−α ≤ Ks <

[ es(1−τs)
µ∗+es(1−τs)i

] 1
1−α , then no internal reallocation occurs and I∗∗s =

0.

3. If
[ es(1−τs)
µ∗+es(1−τs)i

] 1
1−α ≤ Ks, then subsidiary s is an internal lender and I∗∗s < 0.

Proof of Lemma 9 The first thing to show is that
[
1
i

] 1
1−α ≤

[ es(1−τs)
µ∗+es(1−τs)i

] 1
1−α

whenever
[ es(1−τs)
µ∗+es(1−τs)i

] 1
1−α > 0. The inequality can be rewritten to read µ∗+es(1−τs)i ≤

es(1−τs)i which directly yields, µ∗ ≤ 0 which holds since µ∗ = eL∗(1−τL∗)(rL∗−i) < 0.

Remark 14 states that Īs > 0 if Ks <
[
1
i

] 1
1−α . By definition IUs > 0 if Ks <[ es(1−τs)

µ∗+es(1−τs)i

] 1
1−α . Proposition 8 and Lemma 1 show that I∗∗s > (<)0 if Īs > (<)0
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and IUs > (<)0. I∗∗s = 0 if sgn(Īs) ̸= sgn(IUs ). The result follows. ■

Proof of Lemma 1 By notational convention, for the internal lender IL < 0. To

make the notation more intuitive, we will proceed by expressing all relevant formulas

in terms of the absolute value |IL|.

The payoffs HQ receives from the last internal lender L are given by:

eL(1− τL)

(
1

α

(
KL − |IL|

)α
− rLKL + i|IL|

)

And take the derivative with respect to |IL|:

eL(1− τL)

((
KL − |IL|

)α−1
(
∂KL

∂|IL|
− 1

)
− rL

∂KL

∂|IL|
+ i

)

The shadow price of internal capital is than the decrease in the payoffs HQ receives

from the internal lender as |IL| rises, i.e.:

− eL(1− τL)

((
KL + IL

)α−1
(
∂KL

∂|IL|
− 1

)
− rL

∂KL

∂|IL|
+ i

)
=

= eL(1− τL)

(
rL
∂KL

∂|IL|
− i

)
− eL(1− τL)

(
KL + IL

)α−1
(
∂KL

∂|IL|
− 1

)

■

A.3 The Put Option

Remember that for some subsidiaries, the optimal internal capital flow I∗∗s depends

on the shadow price of internal capital. When relevant, I express this dependence as

I∗∗s (µ∗).

To avoid discussing many cases that are never relevant on-path, I will make some
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auxiliary assumptions that will be proven later. The first of which is:

Auxiliary Assumption AA2. The marginal internal lender L is the unique internal

lender.

For a formal proof of this statement see Proposition 3 in Section 1.3.3.

The shadow price of internal capital µ∗ is tied to the marginal internal lender L. When

discussing the put option in relation to this subsidiary L, we will sometimes need to

consider the next-best optimal shadow price in case HQ dis-invests from subsidiary L.

For notational convenience, I will denote this shadow price by µ−.

Definition D14 (Second-Choice Shadow Price of Internal Capital). If HQ exercises

its put option in the designated marginal lender L, let L− denote the next best choice

of marginal lender. Let µ− denote the shadow price of internal capital associated with

L−.1

µ− = eL−(1− τL−)

[(
KL− −

∣∣I∗∗L−(µ−)
∣∣)α−1

− i

]

Lemma 10. The conditions from Proposition 2 imply the following conditions for the

put option to be used:

1. If the outside investor is originally the minority owner, e0s ≥ ¯
e, and the subsidiary

is not the marginal internal lender, s ̸= L, then she only exercises her put option,

i.e. o∗s = 1, if the following internal transaction lowers the profits of the subsidiary:

if Ks < IU(e0s, µ
∗; τs) : IU(e0s, µ

∗, Ks) > Ks + Īs

if Ks > IU(e0s, µ
∗; τs) : IU(e0s, µ

∗, Ks) < Ks + Īs

1Note that by definition, L− was not supposed to be an internal lender, since L was anticipated to
ensure capital market clearing. It follows that L− did not anticipate doing any internal lending when

choosing KL− , implying
∂KL−

∂I∗∗
L− (µ−)

= 0.
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1.1. If the outside investor is the minority shareholder in the marginal internal

lender, then she only exercise her put option if the internal lender is expected

to make negative profits after the internal reallocation of capital has occurred.

2. If HQ is the minority owner, i.e. e0s < ¯
e, and s ̸= L, then the put option is

only exercised so o∗s = 1, if the subsidiary would make negative profits without an

internal transaction, i.e. if Ks >
[

1
αrs

] 1
1−α .

2.1. If HQ is the minority owner of the marginal internal lender L, the put option

is used on-path if KL >
[

1
αrL

] 1
1−α

and:

∑
s∈S\{L}

es(1− τs)
1

α

[(
Ks + I∗∗s (µ∗)

)α − (Ks + I∗∗s (µ−)
)α]

− i
∑

s∈S\{L}

es(1− τs)
[
I∗∗s (µ∗)− Is(µ

−)
]
<

< −e0L(1− τL)

[(
KL + IL(µ

∗)
)α

− rLKL − iIL(µ
∗)

]

Proof of Lemma 10 The minority owner uses her put option if:


uHQ({Pv, Kv, I

∗∗
v }v∈S) < uHQ({Pv, Kv, I

∗∗
v }v∈S\{s}) + ps & e0s < ¯

e

us(Ps, Ks, I
∗∗
s ) < us(Ps, Ks, 0) = ps & e0s ≥ ¯

e

1. If the outside investor is the minority owner, i.e. e0s ≥
¯
e, then Ks + I∗∗s =

Ks + IUs . By definition, Īs is the internal capital flow that makes the outside

investor indifferent between receiving the internal capital or receiving nothing.

If Ks ≤ Ks + IUs , then I
U
s ≥ 0, and the outside investor exercises her put option
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if:

IUs =

[
e0s(1− τs)

µ∗ + e0s(1− τs)i

] 1
1−α

−Ks ≥ Īs(Ks)

If Ks > Ks + IUs , then the outside investor exercises her put option if:

IUs =

[
e0s(1− τs)

µ∗ + e0s(1− τs)i

] 1
1−α

−Ks < Īs(Ks)

1.1. If s = L, and so rL < i, the subsidiary’s profits are higher after the internal

re-allocation of capital.

Since the internal re-allocation of capital cannot lower profits in L, the out-

side investor will only use her put option if, even after capital has been moved

out of L at a positive interest rate differential, the subsidiary L were still

expected to make negative profits.

2. Since HQ is the minority owner, the internal reallocation cannot lower the profits

in subsidiary s since the manager would veto any such transaction. From Proposi-

tion 3, on the equilibrium path, the unique internal lender L borrows externally to

ensure that the internal capital market clears given the external borrowing of all

other subsidiaries. So, if the manager of s deviates from K∗
s , this can only lower

the profits of some other subsidiary if under the deviation Ks, I
∗∗
s (Ks) ̸= I∗∗s (K∗

s ).

Assume first that under Ks, subsidiary s makes non-negative profits: Ks ≤[
1
αrs

] 1
1−α . Since we are considering a subsidiary s ̸= L∗, this implies that I∗∗s (K∗

s ) ≥

0. To see that HQ never uses its put option here, note that HQ can keep its equity

stake, receive its share of the non-negative profits, and not involve the subsidiary

in the internal capital market, Is = 0. This results in the same final payoffs to

HQ than using the put option. But, conditional on the deviation Ks, if HQ does
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not exercise its put option, it can also still optimise over the internal borrowing,

I∗∗s (Ks) which has to result in weakly higher payoffs than simply setting Is = 0.

Now, let us assume that Ks >
[

1
αrs

] 1
1−α . Then, 1

α
Kα
s − rsKs < 0 and ps = 0.

Clearly, moving more internal capital into subsidiary s, Is > 0, would lower the

subsidiary’s profits even further and is prevented by Assumption A1.2. Thus, the

only alternative to HQ is to make subsidiary s and internal lender even though

subsidiary L∗ has (simultaneously) borrowed to ensure internal capital market

clearing. Moving capital out of subsidiary s would thus ensure that the entire

internal capital market is distorted from HQ’s perspective, lowering HQ’s payoffs

from all subsidiaries not-s. It is thus optimal for HQ to use its put option, write

down subsidiary s. (The internal capital market is still affect by s deviation if s

was supposed to be an internal borrower, I∗∗s (K∗
s ) > 0, as this is anticipated by

subsidiary L∗. But remaining invested in s would lead to an even higher amount

of “excess supply” of internal capital.)

2.1. Turning to the case when e0s < ¯
e and s = L. Note that as long as KL ≤[

1
αrL

] 1
1−α

, the subsidiary makes non-negative profits without any capital be-

ing re-allocated internally. In this case, and regardless of the specific level

of KL, HQ can always keep its equity stake in L and carry out the optimal

re-allocation based on µ− without involving L in the internal capital market

at all. (This allocation might not be optimal, but it is preferred to using the

put option.)

When KL >
[

1
αrL

] 1
1−α

, whether HQ uses its put option depends on µ− dir-

ectly. In this case the fair price of the put option equals zero: pL = 0. The
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relevant expression for HQ’s put option decision is then: o∗L = 1 if:

∑
s∈S\{L}

es(1− τs)

[
1

α

(
Ks + Is(µ

∗)
)α

− rsKs − iIs(µ
∗)

]

+ eL(1− τL)

[(
KL + IL(µ

∗)
)α

− rLKL − iIL(µ
∗)

]
<

<
∑

s∈S\{L}

es(1− τs)

[
1

α

(
Ks + Is(µ

−)
)α

− rsKs − iIs(µ
−)

]

Which can be re-arranged to yield:

∑
s∈S\{L}

es(1− τs)

[
1

α

[(
Ks + Is(µ

∗)
)α − (Ks + Is(µ

−)
)α]

− i
[
Is(µ

∗)− Is(µ
−)
]]

<

< −eL(1− τL)

[(
KL + IL(µ

∗)
)α

− rLKL − iIL(µ
∗)

]

Note that by definition, µ∗ < µ−, so that for all s ̸= L−, Is(µ
∗) ≥ Is(µ

−).

The final result is then:

∑
s∈S\{L} es(1− τs)

[
1
α

[(
Ks + Is(µ

∗)
)α − (Ks + Is(µ

−)
)α]− i

[
Is(µ

∗)− Is(µ
−)
]]

eL(1− τL)

[(
KL + IL(µ∗)

)α
− rLKL − iIL(µ∗)

] < −1

■

121



A.4. EXTERNAL SUBSIDIARY BORROWING APPENDIX A. CHAPTER 1

A.4 External Subsidiary Borrowing

Since the optimal internal capital flows from Proposition 1 implicitly depend on Ks, at

times it is helpful to express them as a function thereof: I∗∗s (Ks). The dependence is

suppressed when no confusion can arise.

Furthermore, to simplify notation, define the following sets.

Definition D15. Let SHQ denote the set of all subsidiaries in which HQ has a majority

stake and SOI the set of all subsidiaries for which the outside investor is the majority

owner.

SHQ ≡
{
s ∈ S : es ≥

¯
e
}

& SOI ≡
{
s ∈ S : es <

¯
e
}

Let S0
HQ and S0

OI denote the equivalent sets in terms of the original equity stakes,

{e0s}s∈S .

Lemma 11 (The Shadow Price of Internal Capital Revisited). In equilibrium, the

marginal internal lender L adjust KL one-to-one to changes in the internal lending,

|I∗∗L |, so that
∂K∗

L

∂|I∗∗L | = 1. The expected shadow price of internal capital is thus:

µ∗ = eL(1− τL)(r
e
L − i)

Proof of Lemma 11 The marginal internal lender chooses KL to maximise:

es(1− τs)

[
1

α

(
KL − |I∗∗L |

)α
− reLKL + i|I∗∗L |

]
if e0s ≥ ¯

e

(1− es)(1− τs)

[
1

α

(
KL − |I∗∗L |

)α
− reLKL + i|I∗∗L |

]
if e0s < ¯

e
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Note that both problems lead to the same first order condition, regardless of the identity

of the majority owner:

0 =
(
K∗
L − |I∗∗L |

)α−1(
1− ∂|I∗∗L |

∂KL

)
− reL + i

∂|I∗∗L |
∂KL

Solving for the optimal capital levels yields:

K∗
L − |I∗∗L | =

 1− ∂|I∗∗L |
∂KL

reL − i
∂|I∗∗L |
∂KL


1

1−α

(A.7)

First note that it has to be true that
∂|I∗∗L |
∂KL

̸= 1. Else, the internal lender would not

produce. This cannot be optimal: it would always be a profitable deviation (for the

both the outside investor and HQ) to keep |IL| constant and increase KL slightly so

that some production occurs in L.

In particular, since internal and external capital are perfect substitutes, optimisation

requires that the subsidiary profits from production in L are maximised, regardless of

the amount of capital lend on the internal capital market. This implies that it has to

hold that:

K∗
L − |I∗∗L | =

[
1

reL

] 1
1−α

Equation (A.7) suggest that this is achieved whenever
∂|I∗∗L |
∂KL

= 0. This directly implies

that ∂KL
∂|I∗∗L | = 1 which, from Lemma 1, implies that the shadow price of internal capital

is in fact independent of KL, which also implies that the amount of internal lending I∗∗L

is independent of KL.

I will next argue that the allocation with
∂|I∗∗L |
∂KL

= 0 and ∂KL
∂|I∗∗L | = 1 dominates any other
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allocation, both from the perspective of the outside investor and from HQ’s perspective.

Remember that the shadow price of internal capital is given by:

µ∗ = eL(1− τL)

(
rL
∂KL

∂|IL|
− i

)
− eL(1− τL)

(
KL + IL

)α−1
(
∂KL

∂|IL|
− 1

)

Substituting Expression (A.7) into µ∗ yields:

µ∗ = eL(1− τL)

(
rL
∂KL

∂|IL|
− i

)
− eL(1− τL)

reL − i
∂|I∗∗L |
∂KL

1− ∂|I∗∗L |
∂KL

( ∂KL

∂|IL|
− 1

)

= eL(1− τL)

(
rL
∂KL

∂|IL|
− i

)
+ eL(1− τL)

 1− ∂KL
∂|IL|

1− ∂|I∗∗L |
∂KL

(reL − i
∂|I∗∗L |
∂KL

)

First assume that ∂KL
∂|I∗∗L | ̸= 0 and

∂|I∗∗L |
∂KL

̸= 0. Then:

µ∗ = eL(1− τL)

(
rL
∂KL

∂|IL|
− i

)
+ eL(1− τL)

 1− ∂KL
∂|IL|

1− 1
∂KL

∂|I∗∗L |

(reL − i
∂|I∗∗L |
∂KL

)

Where
1− ∂KL

∂|IL|
1− 1

∂KL

∂|I∗∗L |
= − ∂KL

∂|I∗∗L | and
∂KL
∂|I∗∗L |

∂|I∗∗L |
∂KL

= 1. Then:

µ∗ = eL(1− τL)

(
rL
∂KL

∂|IL|
− i

)
− eL(1− τL)

[
∂KL

∂|I∗∗L |

](
reL − i

∂|I∗∗L |
∂KL

)
= eL(1− τL)

(
i
∂KL

∂|I∗∗L |
∂|I∗∗L |
∂KL

− i

)
= eL(1− τL)

(
i− i

)
= 0

We know that with
∂|I∗∗L |
∂KL

̸= 0, the working capital level in the internal lender is dis-

torted from the independently optimal level. For
∂|I∗∗L |
∂KL

̸= 0 to be optimal, a necessary

condition is that the shadow price with
∂|I∗∗L |
∂KL

̸= 0 is smaller than the shadow price
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implied by
∂|I∗∗L |
∂KL

= 0. This would increase the amount of capital lend internally and,

potentially, compensate the internal lender (and HQ) for the lower than possible profits

from production in L. I have just shown that this is never the case. Therefore, any

allocation where both ∂KL
∂|I∗∗L | ̸= 0 and

∂|I∗∗L |
∂KL

̸= 0 cannot be optimal.

Lastly assume that ∂KL
∂|I∗∗L | = 0 and

∂|I∗∗L |
∂KL

̸= 0. Differentiating Expression (A.7) with

respect to |I∗∗L | yields:

∂KL

∂|I∗∗L |
=

∂

∂|I∗∗L |


 1− ∂|I∗∗L |

∂KL

reL − i
∂|I∗∗L |
∂KL


1

1−α

+ 1

→0 = 1 +
1

1− α

 1− ∂|I∗∗L |
∂KL

reL − i
∂|I∗∗L |
∂KL


α

1−α
−

∂2|I∗∗L |
∂KL∂|I∗∗L |

[
reL − i

∂|I∗∗L |
∂KL

]
+ i

∂2|I∗∗L |
∂KL∂|I∗∗L |

[
1− ∂|I∗∗L |

∂KL

]
[
reL − i

∂|I∗∗L |
∂KL

]2


(A.8)

Where
∂2|I∗∗L |

∂KL∂|I∗∗L | =
∂2|I∗∗L |

∂|I∗∗L |∂KL = 0. So, Equation (A.8) becomes 0 = 1 which is clearly

not true. ■
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Proof of Proposition 3 First note that the size of the internal capital market, |I∗∗L∗|,

is decreasing in µ∗.

|I∗∗L∗(µ∗)| =
∑
s∈S

Īs1{es <
¯
e & IUs > Īs > 0}

+
∑
s∈S

I(Ks)1

{
I(Ks) <

[
es(1− τs)

µ∗ + es(1− τs)i

] 1
1−α

& es ≥
¯
e

}

+
∑
s∈S

[
es(1− τs)

µ∗ + es(1− τs)i

] 1
1−α

1

{
I(Ks) ≥

[
es(1− τs)

µ∗ + es(1− τs)i

] 1
1−α

& es ≥
¯
e

or es <
¯
e &

[
es(1− τs)

µ∗ + es(1− τs)i

] 1
1−α

≤ Īs

}

By definition, Īs and I(Ks) are independent of the shadow price of internal capital µ∗.[ es(1−τs)
µ∗+es(1−τs)i

] 1
1−α is clearly decreasing in µ∗.

The internal lender is then chosen to maximise HQ’s profits from the internal realloca-

tion:

L∗ = argmin
s∈S

{
es(1− τs)(r

e
s − i)|I∗∗L∗(µ∗)|

}
= argmin

s∈S

{
es(1− τs)(r

e
s − i)

}
Where the second equality follows since the size of the internal capital market is de-

creasing in µ∗. ■

A convenient benchmark is the capital level that a subsidiary would borrow externally

or internally to maximise its own profits as if it were an independent firm. I refer to

these capital levels as independently optimal.2

Definition D16 (Independently Optimal Capital Levels). LetKIO
s denote the external

capital level that maximises the subsidiary profits in the absence of an internal capital

market. Similarly, let IIOs denote the internal borrowing level that maximises subsidiary

2For the outside investor, independent optimality coincides with the standard concept of individual
optimality. This is no longer necessarily true from HQ’s perspective.
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profits in the absence of an external capital market.

KIO
s ≡ argmax

Ks≥0
us(Ps, Ks, 0) =

[
1

res

] 1
1−α

& IIOs ≡ argmax
Is

us(Ps, 0, Is) =

[
1

i

] 1
1−α

Remark 15. For all subsidiaries that are not the internal lender, s ̸= L∗, HQ’s preferred

capital level Ks + IUs behaves as follows:

1. HQ wants to implement a higher capital level than would be independently op-

timal, regardless of which capital market is used.

Ks + IUs


> KIO

s =
[

1
res

] 1
1−α

> IIOs =
[
1
i

] 1
1−α

2. HQ always prefers the capital levels {Ks = 0, Is = IUs } to the capital levels

{Ks = KIO
s , Is = 0}, regardless of the expected external interest rate res.

3. Ks + IUs is decreasing and convex in es.

4. Ks + IUs is increasing and convex in eL∗ .

Proof of Remark 15 I will prove each result in turn.

1. First, if Ks+ IUs =
¯
Is, the implied subsidiary profits are zero. Since KIO

s and IIOs

both imply strictly positive profits, it follows directly that
¯
Is > max{KIO

s , IIOs }.

Turning to Ks + IUs ̸=
¯
Is, suppose the result does not hold and assume that:

1

res
>

es(1− τs)

eL∗(1− τL∗)(reL∗ − i) + es(1− τs)i

→ eL∗(1− τL∗)(reL∗ − i) > es(1− τs)(r
e
s − i)
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Which is a contradiction since L∗ = argmins∈S{es(1− τs)(r
e
s − i)}.

Note that if eL∗(1 − τL∗)(reL∗ − i) = 0, then Ks + IUs =
[
1
i

] 1
1−α . Since eL∗(1 −

τL∗)(reL∗ − i) < 0, the result follows.

2. For any s ̸= L∗, HQ’s expected payoffs if the capital levels are {Ks = KIO
s , Is = 0}

are given by:

es(1− τs)

(
1− α

α

)[
KIO
s

]α
= es(1− τs)

(
1− α

α

)[
1

res

] α
1−α

(A.9)

Equally if {Ks = 0, Is = IUs }, HQ’s payoffs from that subsidiary, directly and

indirectly, are:

− µ∗
[

es(1− τs)

µ∗ + es(1− τs)i

] 1
1−α

+ es(1− τs)
1

α

[
es(1− τs)

µ∗ + es(1− τs)i

] α
1−α

− es(1− τs)i

[
es(1− τs)

µ∗ + es(1− τs)i

] 1
1−α

= es(1− τs)
1

α

[
es(1− τs)

µ∗ + es(1− τs)i

] α
1−α

− [µ∗ + es(1− τs)i]

[
es(1− τs)

µ∗ + es(1− τs)i

] 1
1−α

(A.10)

The statement to be proven then states that Expression (A.9) is smaller than

Expression (A.10).

es(1− τs)
1− α

α

[
1

res

] α
1−α

<

< es(1− τs)
1

α

[
es(1− τs)

µ∗ + es(1− τs)i

] α
1−α

− [µ∗ + es(1− τs)i]

[
es(1− τs)

µ∗ + es(1− τs)i

] 1
1−α

→ 1− α

α

[
1

res

] α
1−α

<
1− α

α

[
es(1− τs)

µ∗ + es(1− τs)i

] α
1−α

→ 1

res
<

es(1− τs)

µ∗ + es(1− τs)i

The last expression has already proven to be true in Point 1.
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3. To see the result, it suffices to simply take the derivative of Ks + IUs assuming

Ks + IUs ̸=
¯
Is.

∂Ks + IUs
∂es

=
1

1− α

[
es(1− τs)

µ∗ + es(1− τs)i

] α
1−α
[
(1− τs)[µ

∗ + es(1− τs)i]− es(1− τs)
2i

[µ∗ + es(1− τs)i]2

]
=

1

1− α

[
es(1− τs)

µ∗ + es(1− τs)i

] α
1−α
[

(1− τs)µ
∗

[µ∗ + es(1− τs)i]2

]

Since all other terms are strictly positive (remember from the proof of Proposition

1 that µ∗ + es(1− τs)i < 0, then I∗∗s =
¯
Is), the sign of ∂Ks+IUs

∂es
if fully determined

and equal to the sign of µ∗ < 0.

To prove the convexity claim, simply take the second derivative:

∂2Ks + IUs
∂e2s

=

=

[
µ∗[α[µ∗ + 2es(1− τs)i

]
− 2es(1− τs)i

][
(1− α)es(µ∗ + es(1− τs)i)

]2 ][
es(1− τs)

µ∗ + es(1− τs)i

] 1
1−α

> 0

Since µ∗ < 0 and α < 1, it follows that µ∗ + 2es(1− τs)i < 2es(1− τs)i.

4. Again, assuming Ks + IUs ̸=
¯
Is, taking the derivative with respect to eL∗ yields:

∂Ks + IUs
∂eL∗

=

= −
(

1

1− α

)(
es(1− τs)(1− τL∗)(rL∗ − i)[

eL∗(1− τL∗)(rL∗ − i) + es(1− τs)i
]2)[ es(1− τs)

µ∗ + es(1− τs)i

] α
1−α

Which is positive since reL∗ − i < 0 and all other terms are strictly positive.

To see that Ks + IUs is convex, simply take the second derivative with respect to
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eL∗ :

∂2Ks + IUs
∂(eL∗)2

=

=
2− α

(1− α)2

[
(reL∗ − i)(1− τL∗)

eL∗(1− τL∗)(rL∗ − i) + es(1− τs)i

]2[
es(1− τs)

µ∗ + es(1− τs)i

] 1
1−α

> 0

■

To see the optimal external borrowing it is helpful to establish some intermediary results

first.

Lemma 12. If s is minority owned by HQ, e0s < ¯
e, then:

1. If e0s <
(

1
1−α

) −µ∗
(1−τs)i , then 0 < Īs < IUs and I∗∗s = Īs.

2. If e0s ≥
(

1
1−α

) −µ∗
(1−τs)i , then there exists a external borrowing level K ′

s ∈
[
0,
[
1
i

] 1
1−α
)
,

such that...

• ...0 < Īs < IUs and I∗∗s = Īs if Ks > K ′
s.

• ...0 < IUs < Īs and I
∗∗
s = IUs if Ks ≤ K ′

s.

Proof of Lemma 12 Remark 14 states that if Ks <
[
1
i

] 1
1−α than Īs > 0. Lemma 9

states that if Ks <
[
1
i

] 1
1−α , then I∗∗s > 0, i.e. it is also true that IUs > 0. In the proof

of Lemma 9, it has also been established that
[
1
i

] 1
1−α <

[ e0s(1−τs)
µ∗+e0s(1−τs)i

] 1
1−α . Remember

that Īs ≤ 0 if Ks ≥
[
1
i

] 1
1−α , while IUs ≤ 0 if Ks ≥

[ e0s(1−τs)
µ∗+e0s(1−τs)i

] 1
1−α . So, at Ks =

[
1
i

] 1
1−α ,

Īs = 0 < IUs . Remark 14 states that if Ks <
[
1
i

] 1
1−α it holds that ∂Īs

∂Ks
< −1, while

∂IUs
∂Ks

= −1. A sufficient condition for Īs(Ks) < IUs (Ks) for all Ks <
[
1
i

] 1
1−α is then that

Īs(0) < IUs (0). Remark first that:

Īs(0) =

[
1

αi

] 1
1−α

& IUs (0) =

[
e0s(1− τs)

µ∗ + e0s(1− τs)i

] 1
1−α
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Suppose that Īs(0) ≥ IUs (0). This is equivalent to:

1

αi
≥ e0s(1− τs)

µ∗ + e0s(1− τs)i
→ µ∗ ≥ e0s(1− τs)i(α− 1) → −µ∗ ≤ e0s(1− τs)i(1− α)

→ e0s ≥
(

1

1− α

)
−µ∗

(1− τs)i

Then, if e0s ≥
(

1
1−α

) −µ∗
(1−τs)i , by the intermediate value theorem, there must exists some

K ′
s ∈

[
0,
[
1
i

] 1
1−α
)
such that Īs(K

′
s) = IUs (K

′
s). ■

Proof of Proposition 4 Starting with the unique internal lender L∗. Since L∗

determines the shadow price of internal capital, µ∗ = e(1−τL∗)(reL∗−i), and substituting

this into IUL∗ gives HQ’s preferred capital level in the unique internal lender.

IUL∗(eL∗ , µ∗, KL∗) +KL∗ =

[
eL∗(1− τL∗)

µ∗ + eL∗(1− τL∗)i

] 1
1−α

=

[
eL∗(1− τL∗)

e(1− τL∗)(reL∗ − i) + eL∗(1− τL∗)i

] 1
1−α

=

[
eL∗(1− τL∗)

eL∗(1− τL∗)reL∗

] 1
1−α

=

[
1

reL∗

] 1
1−α

Which is the capital level that maximises L∗’s profits from production and therefore the

same capital level that maximises the outside investor’s payoffs. If HQ is the majority

owner, the manager of L∗ borrows externally to ensure internal capital market clearing

at HQ’s constrained preferred level. The fact that the same is true if the outside in-

vestor is the majority owner has been proven in Lemma 11.

Turning to the case when HQ is the majority shareholder, e0s ≥ ¯
e, and s ̸= L∗, Propos-

ition 1 states that I∗∗s = IUs . In this case, internal and external borrowing are perfect

substitutes.

Therefore, all capital is raised at the lowest cost: since the shadow price is eL∗(1 −

τL∗)(reL∗ − i) < 0 internal capital has the lowest cost. Proposition 3 establishes that
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only subsidiary L∗ lends on the internal capital market and borrows enough to ensure

internal capital market clearing.

Since all capital is raised internally, all subsidiaries majority owned by HQ make zero

intermediate profits. From Proposition 2, it follows that the outside investor will only

use her put option if subsidiary s’ profits are negative under IU(es, µ
∗, K∗

s ; τs) which is

ruled out by assumption. So, if e0s ≥ ¯
e and s ̸= L∗: K∗

s = 0 and I∗∗s = IU(es, µ
∗; 0, τs) =

IU(e0s, µ
∗; 0, τs).

If e0s < ¯
e, the manager, on behalf of the outside investor, solves the problem:

max
Ks≥0

us(Ps, Ks, I
∗∗
s )

We will define a cutoff external interest rate ŕs, such that
[
1
ŕs

] 1
1−α = K ′

s, where K
′
s is

defined as in Lemma 9 such that Īs(K
′
s) = IUs (K

′
s). Since K ′

s ∈
[
0,
[
1
i

] 1
1−α
)
, it follows

that ŕs > i.

Two cases have to be distinguished based on the results from Lemma 9.

1. res ≥ i so that Īs(K
IO
s ) ≥ 0

In this case KIO
s =

[
1
res

] 1
1−α ≤

[
1
i

] 1
1−α . We then need to consider another two

cases:

(a) If e0s <
(

1
1−α

) −µ∗
(1−τs)i or e0s ≥

(
1

1−α

) −µ∗
(1−τs)i and rs ≤ ŕs, then by Lemma 12

I∗∗s (KIO
s ) = Īs(K

IO
s ).

To see that K∗
s = KIO

s note that clearly KIO
s is the best choice in the

interval Ks ∈
[
0,
[
1
i

] 1
1−α
]
. If the manager sets Ks ∈

[[
1
i

] 1
1−α , IUs (es, µ

∗; 0)
]
,

then I∗∗s = 0 and the outside investor is clearly worse off. If the manager

sets Ks > IUs (es, µ
∗; 0), then I∗∗s < 0 which cannot be optimal for the outside

investor since it implies suboptimal profits from local production.
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(b) If e0s ≥
(

1
1−α

) −µ∗
e0s(1−τs)i

and res > ŕs, then by Lemma 12,KIO
s < K ′

s, I
∗∗
s (KIO

s ) =

IUs (K
IO
s ).

Note first that setting Ks ≥
[
1
i

]
1

1−α is never optimal: if Ks >
[

1
αres

]
1

1−α HQ

uses its put option since such a capital level would imply negative subsidiary

profits and subsidiary s is not the unique internal lender. Setting Ks ∈[[
1
i

] 1
1−α ,

[
1
αres

] 1
1−α
]
is also never optimal: with this capital level, HQ does not

use its put option, but would set I∗∗s = 0, implying that subsidiary profits

are not maximised. For all K ≤ K ′
s, the total working capital level is always

equal to IUs (0), and since we are considering only subsidiaries with rs >

ŕs > i, the manager would rather choose Ks = 0 and I∗∗s = IUs (0) over any

Ks ∈ (0, K ′
s). To see that the outside investor is worse of if choosing anyKs ∈(

K ′
s,
[
1
i

] 1
1−α
)
, note that under Ks = KIO

s and I∗∗s (KIO
s ) = IUs (K

IO
s ), since

IUs (K
IO
s ) < Īs, the allocation {KIO

s , IUs (K
IO
s )} leads to higher subsidiary

profits than {KIO
s , Īs}. Since {KIO

s , Īs} leads to the same subsidiary profits

as profit maximisation without an internal capital market, {KIO
s , Īs} also

implies higher subsidiary profits that {Ks, Īs} for any Ks > K ′
s.

2. res < i so that Īs(K
IO
s ) < 0

Here, KIO
s =

[
1
res

] 1
1−α ∈

[[
1
i

] 1
1−α , IUs

]
(by Remark 15) and I∗∗s = 0. Since external

capital is cheaper than internal capital, the manager trivially has no incentive to

set Ks <
[
1
i

] 1
1−α to become an internal borrower. The manager could try to set

Ks >
[ e0s(1−τs)
µ∗+e0s(1−τs)i

] 1
1−α to become an internal lender and earn the interest rate

differential i− rs. But Proposition 2 implies that then HQ would exercise its put

option. Therefore this is also not profitable.

Finally, Proposition 3 implies that the internal lender L∗ borrows such that K∗
L∗+I∗∗L∗ =[

1
re
L∗

] 1
1−α and to ensure internal capital market clearing. Therefore K∗

L∗ =
[

1
re
L∗

] 1
1−α +
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∑
s∈S\{L∗} I

∗∗
s . The proof of Lemma 11 already establishes that this is optimal for the

internal lender, regardless of the identity of the majority shareholder. ■

Lemma 13 (The Put Option Revisited). The outside investor never uses her put option

when she is the minority owner. HQ exercises the put option if the expected external

interest rate is sufficiently smaller than the actual external interest rate, i.e. if res < αrs.

• For HQ as the minority shareholder to exercise its put option in in the desig-

nated internal lender L∗, a necessary condition is that reL∗ ̸= rL∗. The suffi-

cient conditions dependent on the external borrowing of the subsidiaries in the set

{s ∈ S0
OI : r

e
s < i} and are given by Condition (A.13), (A.14), or (A.15) contained

below in the proof.

Proof of Lemma 13 The proof for the case when HQ is the original majority owner,

e0s ≥ ¯
e is contained within the proof of Proposition 4.

To see the result when e0s < ¯
e and s ̸= L∗, note that HQ will only use its put option if

the subsidiary profits under K∗
s would be strictly negative.

1

α

[
1

res

] α
1−α

− rs

[
1

res

] 1
1−α

< 0 → 1

α

[
1

res

]α−1
1−α

< rs → res < αrs

Turning to the case when e0s < ¯
e and s = L∗. To see the result, we will first derive

HQ’s payoffs with the second-choice internal lender L− and the associated shadow price

µ−. We will then compare those payoffs with those HQ receives when not using its put
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option. Where HQ’s payoffs without using her put option are given by:

∑
s∈S0

OI\{L∗}

e0s(1− τs)

[
1

α

[
1

res
+ Īs1{res ≤ i}

] α
1−α

− rs

[
1

res

] 1
1−α

− iĪs1{res ≤ i}

]

+
∑

s∈S0
OI\{L∗}

e0s(1− τs)

[
1

α

[
IU(es, µ

∗, K∗
s ; τs)

]α − i
[
IU(es, µ

∗, K∗
s ; τs)

]]

+
1

α

[
1

reL∗

] α
1−α

− rL∗

[
1

reL∗

] 1
1−α

+ e0L∗(1− τL∗)(i− rL∗)|I∗∗L∗|

(A.11)

To see that a necessary condition for o∗L∗ = 1 if e0L∗ <
¯
e is that rL∗ ̸= reL∗ , note that if

rL∗ = reL∗ , the profits from local production are maximised and L∗ is trivially the best

choice for internal lender.

HQ’s payoffs with the second-choice internal lender First, the second-choice internal

lender has to be minority owned by HQ since no majority owned subsidiary (bar,

potentially, L∗) has borrowed externally and therefore has no capital to be redistributed:

L− ∈ S0
OI . Secondly, off-path, there may be more than one internal lender, so L− is

the marginal internal lender. All other internal lenders therefore lend Īs < 0 internally.

For all subsidiaries s ∈ S0
OI , K

∗
s =

[
1
res

] 1
1−α . From Remark 14, it follows that Ī < 0 if

and only if
[
1
i

]
>
[

1
res

]
= K∗

s for all s ∈ S0
OI , i.e. if r

e
s < i. So L− ∈ {s ∈ S0

OI : r
e
s < i}.

If the set {s ∈ S0
OI : r

e
s < i} is empty, there exists no alternative internal lenders, so HQ

will only use its put option if its payoffs are larger without any internal redistribution

of capital. The payoffs if HQ uses its put option is then:

∑
s∈S0

OI\{L∗}

e0s(1− τs)

[
1

α

[
1

res

] α
1−α

− rs

[
1

res

] 1
1−α
]

(A.12)
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By definition of Ī, it follows that:

∑
s∈S0

OI\{L∗}

e0s(1− τs)

[
1

α

[
1

res

] α
1−α

− rs

[
1

res

] 1
1−α
]
=

=
∑

s∈S0
OI\{L∗}

e0s(1− τs)

[
1

α

[
1

res
+ Īs1{res ≤ i}

] α
1−α

− rs

[
1

res

] 1
1−α

− iĪs1{res ≤ i}

]

The difference between Expression (A.11) and (A.12) has to be negative for HQ to use

its put option:

∑
s∈S0

HQ\{L∗}

e0s(1− τs)

[
1

α

[
IU(es, µ

∗, K∗
s ; τs)

]α − i
[
IU(es, µ

∗, K∗
s ; τs)

]]

+
1

α

[
1

reL∗

] α
1−α

− rL∗

[
1

reL∗

] 1
1−α

+ e0L∗(1− τL∗)(i− rL∗)|I∗∗L∗| < 0

Which can be rewritten to yield:

∑
s∈S0

HQ\{L∗}
e0s(1− τs)

[
1
α

[
IU(es, µ

∗, K∗
s ; τs)

]α − i
[
IU(es, µ

∗, K∗
s ; τs)

]]
|I∗∗L∗ |+

[
1
re
L∗

] 1
1−α

+

1
α

[
1
re
L∗

] α
1−α + e0L∗(1− τL∗)i|I∗∗L∗|

|I∗∗L∗|+
[

1
re
L∗

] 1
1−α

< rL∗

(A.13)

Let us now turn to the case when the set {s ∈ S0
OI : r

e
s < i} is non-empty. Since all

subsidiaries minority owned by HQ who are not the marginal lender L− either lend

out −Ī or borrow Ī internally, the payoffs HQ receives from these subsidiaries does not

change from those in Expression (A.11). Also, since L− can at most lend out Ī, the

payoffs accruing to HQ from L− cannot decrease when HQ uses its put option in L∗.

Remember that, by definition, −µ− denotes the change in HQ’s payoffs from L− as
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−I∗∗L− increases.

µ− ≤ 0 & I∗∗s (µ−) ≥
[
1

i

] 1
1−α

Since, by definition, µ− ≥ µ∗, it follows that I∗∗s (µ−) ≤ I∗∗s (µ∗). The difference between

HQ’s payoffs without and with using the put option if the remaining minority-owned

subsidiaries have borrowed enough externally to ensure internal capital market clearing

is given by:

∑
s∈S0

HQ\{L∗}

e0s(1− τs)
1

α

([
IU(es, µ

∗, K∗
s ; τs)

]α − [IU(es, µ−, K∗
s ; τs)

]α)
− i

∑
s∈S0

HQ\{L∗}

e0s(1− τs)
(
IU(es, µ

∗, K∗
s ; τs)− IU(es, µ

−, K∗
s ; τs)

)

+
1

α

[
1

reL∗

] α
1−α

− rL∗

[
1

reL∗

] 1
1−α

+ e0L∗(1− τL∗)(i− rL∗)|I∗∗L∗(µ∗)|

−

[
1

α

[
1

reL−

] α
1−α

− rL−

[
1

reL−

] 1
1−α

+ e0L−(1− τL−)(i− rL−)
∣∣I∗∗L−(µ−)

∣∣] < 0

(A.14)

All subsidiaries minority owned by HQ with res < i will lend out the maximial amount

if:

∑
s∈S0

HQ\{L∗}

IU(es, 0, K
∗
s ; τs) ≥

∑
s∈S0

OI\{L∗}

Ī(K∗
s )1{res < i} (A.15)

To see why the outside investor never uses her put option, consider those two cases.

First, her subsidiary is not the unique internal lender, s ̸= L∗, and has not undertaken

any external borrowing. The profits at this stage are then zero. By Assumption A1.2,

the subsidiary cannot make negative profits, ergo the internal transaction has to weakly

increase her payoffs.

If the outside investor is the minority owner in the internal lender, s = L∗, by defin-
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ition, her external interest rate is below the internal interest rate. Thus the internal

reallocation increases the subsidiary profits. After the internal reallocation, the internal

lender is expected to make strictly positive profits. ■

A.5 The Optimal Contract

A.5.1 Participation & Screening

Proof of Lemma 2 By Assumption A2.1, it follows that at least one subsidiary

faces an external interest rate lower than the internal interest rate. Therefore HQ can

always guarantee itself a negative shadow price of internal capital under truth-telling.

It follows that, under truth-telling:

∀s ∈ S with rs > i : Pr(s = L∗ | rs; r-s) = 0 ∀r-s

Note that conditional on successfully screening for those subsidiaries with rs > i, HQ

has no incentive to incentivise truth-telling. HQ can archive this screening by setting

the price for the shares 1 − e0s weakly higher than the value of a subsidiary facing an

external interest rate of i net of the outside investor’s outside option c:

∀s ∈ S & ∀r̂s & ∀r̂-s : P ∗
s (r̂s; r̂-s) ≥

(
1− ecs(r̂s; r̂-s)

)
Πs

(
i; i, µ∗(r-s)

)
− c

Since the expected dividend payments are weakly decreasing in rs, no subsidiary with

rs > i is willing to pay such a price.

To see that it is in HQ’s best interest to set es = 1 for all subsidiaries with rs > i, note
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that total value of an internal borrower to HQ is given by:

es(1− τs)

(
1

α

[
es(1− τs)

µ∗ + es(1− τs)i

] α
1−α

− i

[
es(1− τs)

µ∗ + es(1− τs)i

] 1
1−α
)

− µ∗
[

es(1− τs)

µ∗ + es(1− τs)i

] 1
1−α

=

= es(1− τs)

(
1− α

α

)[
es(1− τs)

µ∗ + es(1− τs)i

] α
1−α

As shown in Remark 15 that ∂
∂es

(
1−α
α

)[ es(1−τs)
µ∗+es(1−τs)i

] 1
1−α < 0. Since each majority owned

subsidiary borrows more than would maximise their profits individually (also from

Remark 15), this implies that:

∂

∂es
es(1− τs)

(
1− α

α

)[
es(1− τs)

µ∗ + es(1− τs)i

] α
1−α

> 0

And the value of all subsidiaries with rs > i is increasing in es and HQ optimally sets

e0s = 1.

The last point is to ensure that HQ does not find it optimal to screen at a lower

external interest rate than i. HQ has to leave each outside investor at least with her

reservation utility, c > 0, in addition to any potential information rents. As mentioned

above, HQ only involves outside investors to identify the “cheapest” source of outside

capital to supply the internal capital market. If HQ were to decide to screen at a lower

external interest rate, HQ could save from involving (weakly) fewer outside investors.

This occurs at the risk of having no participating outside investors and thus having to

raise capital at the expected external interest rate which is, by assumption, larger than

the internal interest rate: i < r0. Assumption A2.2 ensures that screening at a lower

external interest rate is never optimal: the probability that a subsidiary with rs < r′

exists is lower than some constant Q, where Q is chosen to ensure that the cost of
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involving additional outside investors is lower than the expected loss from having no

subsidiary with an outside investor. ■

Lemma 14. The probability with which a certain set of participating outside investor

realises only depends on the internal interest rate, i, and on the cardinality of the set,

S0
P .

Pr(S ′ = S0
P | s ∈ S ′) = [i]S

0
P−1[1− i]S−S

0
P

Proof of Lemma 14 Since, ex-ante, all outside investors participate with probability

i and do not participate with probability 1− i, the basic rules of probability imply that:

∀s with rs ≤ i : Pr
(
{s} = S0

P

)
= [1− i]S−1

Pr
(
{s, v} = S0

P

)
= i[1− i]S−2 ∀v ∈ S \ {s}

...
...

...

Pr
(
S \ {w} = S0

P

)
= [i]S−2[1− i] ∀w ∈ S \ {s}

Rewriting and simplifying yields the desired result. ■

A.5.2 Uncertainty & Distributions

In general, let Fy(x) denote the cumulative distribution function of the random variable

y with associated probability density function fy(x).

I shortly introduce some more notation to shorten the expressions below.

Lemma 15 (Shadow Price Distributions). The shadow price of internal capital µ∗ is

distributed as the first order statistic of S independently, but not uniformly distrib-

uted uniform random variables. It is distributed following the cumulative distribution
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function Fµ∗.

∀x ≤ 0: Fµ∗(x) = 1−
∑
S0
P⊆S

Pr(S ′ = S0
P )

(∏
s∈S′

min

{
−x

ecs(1− τs)i
, 1

})

Proof of Lemma 15 Since the true shadow price implied by making s the internal

lender, µs = e0s(1 − τs)(rs − i), is uniformly distributed on (−e0s(1 − τs)i, 0], it follows

directly that the cumulative distribution function Fs(µs) is given by:

Fµs(x) =


0 if x < −e0s(1− τs)i

x−[−e0s(1−τs)i]
0−[−e0s(1−τs)i]

= x+e0s(1−τs)i
e0s(1−τs)i

= 1 + x
e0s(1−τs)i

if x ∈ [−e0s(1− τs)i, 0]

1 if x > 0

For all x ≤ 0, the cumulative distribution function can then be summarised as:

∀x ≤ 0: Fµs(x) = max

{
1− −x

e0s(1− τs)i
, 0

}

For each quasi-random set of participating outside investors, S0
P , the shadow price is dis-

tributed as the first order statistic of |S0
P | independently, but not uniformly distributed
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uniform variables.

Fµ∗(x) = Pr(µ∗ ≤ x) =
∑
S0
P⊆S

Pr(S ′ = S0
P )Pr(min{µ̂s}s∈S′ ≤ x)

=
∑
S0
P⊆S

Pr(S ′ = S0
P )

[
1−

∏
s∈S′

Pr(µ̂s ≥ x)

]

=
∑
S0
P⊆S

Pr(S ′ = S0
P )−

∑
S0
P⊆S

Pr(S ′ = S0
P )
∏
s∈S′

Pr(µ̂s ≥ x)

= 1−
∑
S0
P⊆S

Pr(S ′ = S0
P )
∏
s∈S′

[
1− Pr(µ̂s ≤ x)

]
= 1−

∑
S0
P⊆S

Pr(S ′ = S0
P )
∏
s∈S′

[
1− Fµs(x)

]

= 1−
∑
S0
P⊆S

Pr(S ′ = S0
P )
∏
s∈S′


1− 0 if x < −e0s(1− τs)i

−x
ecs(1−τs)i

if x ∈ [−e0s(1− τs)i, 0]

1− 1 if x > 0

For all x ≤ 0, the cumulative distribution function can be summarised as:

∀x ≤ 0: Fµ∗(x) = 1−
∑
S0
P⊆S

Pr(S ′ = S0
P )
∏
s∈S′

min

{
−x

e0s(1− τs)i
, 1

}

■

Lemma 16 (The Probability of Being the Internal Lender). The probability that a

subsidiary is the internal lender when announcing r̂s ≤ i is given by:

∀s ∈ S & ∀r̂s ≤ i : (A.16)

Pr(s = L∗ | r̂s) =
∑
S0
P⊆S

Pr(S ′ = S0
P )

(∏
v∈S′

min

{
e0s(1− τs)(i− r̂s)

e0v(1− τv)i
, 1

})
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Proof of Lemma 16 The result follows by standard probability arguments:

Pr(s = L∗ | r̂s) =
∑
S0
P⊆S

Pr(S ′ = S0
P )

(
Pr
(
µ̂s ≤ min

v∈S′
{µ̂v}

))

Since the external interest rates, rv, are independent, this can be written as:

Pr(s = L∗ | r̂s) =
∑
S0
P⊆S

Pr(S ′ = S0
P )

( ∏
v∈S0

P )

Pr(µ̂s ≤ µv)

)

=
∑
S0
P⊆S

Pr(S ′ = S0
P )

( ∏
v∈S0

P

[
1− Fµv(µ̂s)

])

=
1

i

∑
S0
P⊆S

Pr(S ′ = S0
P )

(∏
v∈S

[
ecs(r̂s; r̂-s)(1− τs)(i− r̂s)

ecv(r̂s; r̂-s)(1− τv)i

])

■

A.5.3 The Optimal Share Price & Truth-Telling

Definition D17. Let EBs(r̂s, r-s) denote the set of r-s implying that subsidiary s would

be an external borrower if not acting as the internal lender:

EBs(r̂s) ≡

{
r-s | s ̸= L∗ & ecs(r̂s, r-s) ≤ ¯

e &{
ecs(r̂s, r-s) <

( 1

1− α

) µ∗(r-s)

(1− τs)i

or
{
ecs(r̂s, r-s) ≥

( 1

1− α

) µ∗(r-s)

(1− τs)i
& r̂s ≤ ŕ

(
ecs(r̂s, r̂-s), µ

∗(r-s))
}}}

Equally, let IBs(r̂s) denote the set of r-s implying that the subsidiary is internally

financed if not acting as the unique internal lender:

IBs(r̂s) =
{
r-s | r-s ̸∈ EBs(r̂s)

}
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Finally, let
∣∣∣I∗∗L∗|s(r̂s)

∣∣∣ denote the absolute value of the internal lending conditional on

subsidiary s being the internal lender, i.e. if s = L∗.

Lemma 17. Each outside investor, s ∈ S, expects to receive utility equal to her share(
1− ecs(r̂s; r̂-s)

)
of the expected subsidiary’s post-tax profits, Er-s

(
Π(r̂s; rs, r̂-s)

)
.

∀r̂s : Er-s

(
us(r̂s; rs, µ

∗(r-s), e
c
)
= Er-s

((
1− ecs(r̂s; r-s)

)
Πs

(
r̂s; rs, µ

∗(r-s)
)
− Ps(r̂s; r-s)

)

Her expected post-tax profits are given by:

Er-s

(
Πs

(
r̂s; rs, µ

∗(r-s)
))

=

= (1− τs)Pr
(
s = L∗ | r̂s

)[ 1
α

[
1

r̂s

] α
1−α

− rs

[
1

r̂s

] 1
1−α

+ (i− rs)
∑
v∈S\s

Er-s

(
I∗∗(r̂s; r̂-s) | s = L∗

)]

+ (1− τs)Pr
(
s ̸= L∗ | r̂s

)
Pr
(
r-s ∈ EBs(r̂s)

)( 1

α

[
1

r̂s

] α
1−α

− rs

[
1

r̂s

] 1
1−α
)

+ (1− τs)Pr
(
s ̸= L∗ | r̂s

)
Pr
(
r-s ∈ IBs(r̂s)

)
×

× Er-s

[[
1

α

(
ecs(r̂s; r-s)(1− τs)

µ∗(r̂-s) + ecs(r̂s; r̂-s)(1− τs)i

) α
1−α

− i

(
ecs(r̂s; r̂-s)(1− τs)

µ∗(r̂-s) + ecs(r̂s; r̂-s)(1− τs)i

) 1
1−α
]
| s ̸= L∗

]

Lemma 18 (The Optimal Share Price). The optimal share price associated with a given
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equity stake ecs(r̂s; r̂-s) is given by:

∀r̂s & ∀r̂-s :

P ∗(r̂s; r̂-s) =
(
1− ecs(r̂s; r̂-s)

)
(1− τs)

(
1− α

α

)
Pr
(
r̂-s ∈ EB(r̂s)

)[1
i

] α
1−α

+
(
1− ecs(r̂s; r̂-s)

)
(1− τs)(i− r̂s)Pr(s = L∗ | r̂s)

∣∣I∗∗L∗|s(r̂s; r̂-s)
∣∣

+
(
1− ecs(r̂s; r̂-s)

)
(1− τs)iEr

[
Pr(s = L∗ | r)

∣∣I∗∗L∗|s(r; r̂-s)
∣∣]

+
(
1− ecs(r̂s; r̂-s)

)
(1− τs)Pr

(
r̂-s ̸∈ EB(r̂s)

)
Pr(s = L∗ | r̂s)

(
1

1− α

)[
1

r̂s

] α
1−α

+
(
1− ecs(r̂s; r̂-s)

)
(1− τs)iPr

(
r̂-s ̸∈ EB(r̂s)

)
×

× Er

(
∂Pr(s = L∗ | r)

∂r̂s

(
1− α

α

)[
1

r

] α
1−α

| r ≤ i

)

+
(
1− ecs(r̂s; r̂-s)

)
(1− τs)Pr(s ̸= L∗ | r̂s)

]
Pr
(
r̂-s ∈ IB(r̂s)

)
∗

∗ Eµ∗
(
1

α

[
e0s(1− τs)

µ∗ + e0s(1− τs)i

] α
1−α

− i

[
e0s(1− τs)

µ∗ + e0s(1− τs)i

] 1
1−α

| s ̸= L∗, r̂-s ̸∈ Os(r̂s)

)

Proof of Lemma 3 & Lemma 18 Lemma 13 in combination with the revelation

principle implies that HQ never uses its put option on path when it is the minority

owner. While, by definition, the outside investor uses her put option if r̂-s ∈ Os(r̂s).

Further, we know from Lemma 2 that HQ screens by setting the share price weakly

larger than the expected dividend payments by a subsidiary truthfully reporting an

external equal to the internal interest rate. To ensure this screening result, I postulate

that the share price is the sum of a base price, ensuring screening, and a variables

transfer.

∀r̂s & ∀r̂-s : Ps(r̂s, r̂-s) ≥
(
1− ecs(r̂s; r̂-s)

)
(1− τs)Pr

(
r̂-s ∈ EBs(r̂s)

)(1− α

α

)[
1

i

] 1
1−α
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We can thus postulate that the share price is made up of two party:

Ps(r̂s, r̂-s) ≥
(
1− ecs(r̂s; r̂-s)

)
(1− τs)Pr

(
r̂-s ∈ EBs(r̂s)

)(1− α

α

)[
1

i

] 1
1−α

+
(
1− ecs(r̂s; r̂-s)

)
(1− τs)t(r̂s, r̂-s)

For now, let us assume that the equity stake does not change in response to changes in

r̂s:

∂ecs(r̂s, r̂-s)

∂r̂s
= 0

As a direct consequence, the set EBs(r̂s) and IBs(r̂s) are also independent of the an-

nouncements:

∂EBs(r̂s)
∂r̂s

=
∂IBs(r̂s)
∂r̂s

= 0

The problem of the outside investor s can then be written as:

max
r̂s

Er-s

(
us(r̂s; rs, µ

∗(r-s)
)
=
(
1− ecs(r̂s; r-s)

)
Er-s

(
Πs

(
r̂s, rs, µ

∗(r-s
))

−
(
1− ecs(r̂s; r-s)

)
(1− τs)Pr

(
r-s ∈ Os(r̂s)

)(1− α

α

)[
1

i

] 1
1−α

−
(
1− ecs(r̂s; r-s)

)
(1− τs)t(r̂s, r-s)

Taking the first order condition of the above expression and imposing directly that

∂ecs(r̂s,r̂-s)
∂r̂s

= 0, and that truth-telling has to be optimal, it follows that:

∂t(rs, r-s)

∂r̂s
=

1

1− τs

∂Er-s

(
Πs

(
rs; rs, µ

∗(r-s
))

∂r̂s
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Where:

1

1− τs

∂Er-s

(
Πs
(
r̂s; rs, µ

∗(r-s
))

∂r̂s
=

∂Pr(s = L∗ | r̂s)
∂r̂s

(
1

α

[
1

r̂s

] α
1−α

− rs

[
1

r̂s

] 1
1−α
)

+
∂Pr(s = L∗ | r̂s)

∂r̂s
(i− rs)

∣∣∣I∗∗L∗|s(r̂s, r-s)
∣∣∣

+ Pr(s = L∗ | r̂s)

(
− 1

1− α

[
1

r̂s

] 2α−1
1−α

+
1

1− α
rs

[
1

r̂s

] α
1−α

+ (i− rs)
∂
∣∣∣I∗∗L∗|s(r̂s, r-s)

∣∣∣
∂r̂s

)]

+
∂Pr(s ̸= L∗ | r̂s)

∂r̂s
Pr
(
r-s ∈ EB(r̂s)

)( 1

α

[
1

r̂s

] α
1−α

− rs

[
1

r̂s

] 1
1−α
)

+ Pr(s ̸= L∗ | r̂s)

(
− 1

1− α

[
1

r̂s

] 2α−1
1−α

+
1

1− α
rs

[
1

r̂s

] α
1−α
)

+
∂Pr(s ̸= L∗ | r̂s)

∂r̂s
Pr
(
r-s ∈ IB(r̂s)

)
∗

∗ Er-s

[[
1

α

(
ecs(r̂s; r-s)(1− τs)

µ∗(r̂-s) + ecs(r̂s; r̂-s)(1− τs)i

) α
1−α

− i

(
ecs(r̂s; r̂-s)(1− τs)

µ∗(r̂-s) + ecs(r̂s; r̂-s)(1− τs)i

) 1
1−α
]
| s ̸= L∗

]

+ Pr(s ̸= L∗ | r̂s)Pr
(
r-s ∈ IB(r̂s)

)
∗

∗ ∂

∂r̂s
Er-s

[[
1

α

(
ecs(r̂s; r-s)(1− τs)

µ∗(r-s) + ecs(r̂s; r̂-s)(1− τs)i

) α
1−α

− i

(
ecs(r̂s; r̂-s)(1− τs)

µ∗(r-s) + ecs(r̂s; r̂-s)(1− τs)i

) 1
1−α
]
| s ̸= L∗

]

Since s = L∗ and s ̸= L∗ are exhaustive and mutually exclusive, it follows that

Pr(s = L∗ | r̂s) = 1− Pr(s ̸= L∗ | r̂s) and ∂Pr(s=L∗|r̂s)
∂r̂s

= −∂Pr(s ̸=L∗|r̂s)
∂r̂s

.
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Evaluating the above derivative at r̂s = rs then yields:

1

1− τs

∂Er-s

(
Πs
(
rs; rs, µ

∗(r-s
))

∂r̂s
=

∂Pr(s = L∗ | rs)
∂r̂s

[
1− Pr

(
r-s ∈ EBs(rs)

)]1− α

α

[
1

rs

] α
1−α

+ (i− rs)

[
∂Pr(s = L∗ | rs)

∂r̂s

∣∣∣I∗∗L∗|s(rs, r-s)
∣∣∣+ Pr(s = L∗ | rs)

∂
∣∣∣I∗∗L∗|s(rs, r-s)

∣∣∣
∂r̂s

]

+
∂Pr(s ̸= L∗ | rs)

∂r̂s
Pr
(
r-s ∈ IB(rs)

)
∗

∗ Er-s

[[
1

α

(
ecs(rs; r-s)(1− τs)

µ∗(r-s) + ecs(rs; r-s)(1− τs)i

) α
1−α

− i

(
ecs(rs; r-s)(1− τs)

µ∗(r-s) + ecs(rs; r-s)(1− τs)i

) 1
1−α
]
| s ̸= L∗

]

+ Pr(s ̸= L∗ | rs)Pr
(
r-s ∈ IB(rs)

)
∗

∗ ∂

∂r̂s
Er-s

[[
1

α

(
ecs(rs; r-s)(1− τs)

µ∗(r-s) + ecs(rs; r-s)(1− τs)i

) α
1−α

− i

(
ecs(rs; r-s)(1− τs)

µ∗(r-s) + ecs(rs; r-s)(1− τs)i

) 1
1−α
]
| s ̸= L∗

]

Since ∂t(rs,r-s)
∂r̂s

= 1
1−τs

∂Er-s

(
Πs(rs;rs,µ∗(r-s)

)
∂r̂s

, it follows that:

(1− τs)t(rs, r-s) =

∫
Er-s

(
Πs(rs; rs, µ

∗(r-s)
)
dr̂s

Again under the assumption that ∂ecs(r̂s,r̂-s)
∂r̂s

= 0, it follows that:

∫
∂Pr(s ̸= L∗ | rs)

∂r̂s
Pr

(
r-s ∈ IB(rs)

)
∗

∗ Er-s

[[
1

α

(
ecs(rs; r-s)(1− τs)

µ∗(r-s) + ecs(rs; r-s)(1− τs)i

) α
1−α

− i

(
ecs(rs; r-s)(1− τs)

µ∗(r-s) + ecs(rs; r-s)(1− τs)i

) 1
1−α

]
| s ̸= L∗

]

+ Pr(s ̸= L∗ | rs)Pr
(
r-s ∈ IB(rs)

)
∗

∗ ∂

∂r̂s
Er-s

[[
1

α

(
ecs(rs; r-s)(1− τs)

µ∗(r-s) + ecs(rs; r-s)(1− τs)i

) α
1−α

− i

(
ecs(rs; r-s)(1− τs)

µ∗(r-s) + ecs(rs; r-s)(1− τs)i

) 1
1−α

]
| s ̸= L∗

]
dr̂s =

= Pr(s ̸= L∗ | rs)Pr
(
r-s ∈ IB(rs)

)
∗

∗ Er-s

[[
1

α

(
ecs(rs; r-s)(1− τs)

µ∗(r-s) + ecs(rs; r-s)(1− τs)i

) α
1−α

− i

(
ecs(rs; r-s)(1− τs)

µ∗(r-s) + ecs(rs; r-s)(1− τs)i

) 1
1−α

]
| s ̸= L∗

]
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Equally, integration by parts yields:

∫
(i− r̂s)

[
∂Pr(s = L∗ | r̂s)

∂r̂s

∣∣I∗∗L∗|s(r̂s, r-s)
∣∣+ Pr(s = L∗ | r̂s)

∂
∣∣∣I∗∗L∗|s(r̂s, r-s)

∣∣∣
∂r̂s

]
dr̂s =

= (i− r̂s)Pr(s = L∗ | r̂s)
∣∣I∗∗L∗|s(r̂s, r-s)

∣∣+ ∫ Pr(s = L∗ | rs)
∣∣I∗∗L∗|s(r̂s, r-s)

∣∣ dr̂s
= (i− r̂s)Pr(s = L∗ | r̂s)

∣∣I∗∗L∗|s(r̂s, r-s)
∣∣+ i

1

i

∫
Pr(s = L∗ | r̂s)

∣∣I∗∗L∗|s(r̂s, r-s)
∣∣ dr̂s

Since, for all participating outside investors, their external interest rate is uniformly

distributed on (0, i], it follows that 1
i

∫
Pr(s = L∗ | r̂s)

∣∣∣I∗∗L∗|s(r̂s, r-s)
∣∣∣ dr̂s = Ers(Pr(s =

L∗ | rs)
∣∣∣I∗∗L∗|s(rs, r-s)

∣∣∣ | rs ≤ i). Then:

∫
(i− r̂s)

[
∂Pr(s = L∗ | rs)

∂r̂s

∣∣I∗∗L∗|s(rs, r-s)
∣∣+ Pr(s = L∗ | rs)

∂
∣∣∣I∗∗L∗|s(rs, r-s)

∣∣∣
∂r̂s

]
dr̂s =

= (i− r̂s)Pr(s = L∗ | r̂s)
∣∣I∗∗L∗|s(r̂s, r-s)

∣∣+ iErs
(
Pr(s = L∗ | rs)

∣∣I∗∗L∗|s(rs, r-s)
∣∣ | rs ≤ i

)

Finally, and again by integration by parts:

∫
∂Pr(s = L∗ | r̂s)

∂r̂s

[
1− Pr

(
r-s ∈ EBs

)]1− α

α

[
1

r̂s

] α
1−α

dr̂s =

= Pr(s = L∗ | r̂s)
[
1− Pr

(
r-s ∈ EBs

)]1− α

α

[
1

r̂s

] α
1−α

+
[
1− Pr

(
r-s ∈ EBs

)] ∫
Pr(s = L∗ | r̂s)

[
1

r̂s

] 1
1−α

dr̂s

= Pr(s = L∗ | r̂s)
[
1− Pr

(
r-s ∈ EBs

)](1− α

α

)[
1

r̂s

] α
1−α

+ i
[
1− Pr

(
r-s ∈ EBs

)]
Er̂s

(
1− α

α

[
1

rs

] α
1−α

| rs ≤ i

)

= Pr
(
r-s ̸∈ EBs

)[
Pr(s = L∗ | r̂s)

(
1− α

α

)[
1

r̂s

] α
1−α

+ iEr

(
1− α

α

[
1

r

] α
1−α

| r ≤ i

)]
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Adding all parts together yields the desired result upto a constant of integration. This

constant of integration cannot depend on the announcement. Therefore, let this con-

stant be denoted Hs. The share price is then:

∀r̂s & ∀r̂-s :

P ∗(r̂s; r̂-s) =
(
1− ecs(r̂s; r̂-s)

)
(1− τs)

(
1− α

α

)
Pr
(
r̂-s ∈ EB(r̂s)

)[1
i

] α
1−α

+
(
1− ecs(r̂s; r̂-s)

)
(1− τs)(i− r̂s)Pr(s = L∗ | r̂s)

∣∣I∗∗L∗|s(r̂s; r̂-s)
∣∣

+
(
1− ecs(r̂s; r̂-s)

)
(1− τs)iEr

[
Pr(s = L∗ | r)

∣∣I∗∗L∗|s(r; r̂-s)
∣∣]

+
(
1− ecs(r̂s; r̂-s)

)
(1− τs)Pr

(
r̂-s ̸∈ EB(r̂s)

)
Pr(s = L∗ | r̂s)

(
1

1− α

)[
1

r̂s

] α
1−α

+
(
1− ecs(r̂s; r̂-s)

)
(1− τs)iPr

(
r̂-s ̸∈ EB(r̂s)

)
Er

(
∂Pr(s = L∗ | r)

∂r̂s

(
1− α

α

)[
1

r

] α
1−α

| r ≤ i

)

+
(
1− ecs(r̂s; r̂-s)

)
(1− τs)Pr(s ̸= L∗ | r̂s)

]
Pr
(
r̂-s ∈ IB(r̂s)

)
∗

∗ Eµ∗
(
1

α

[
e0s(1− τs)

µ∗ + e0s(1− τs)i

] α
1−α

− i

[
e0s(1− τs)

µ∗ + e0s(1− τs)i

] 1
1−α

| s ̸= L∗

)
+Hs

Hs is chosen to ensure that the outside investor of the lowest participating type, rs = i,

finds it worthwhile to participate. Note that the outside investor’s utility under truth-

telling is given by:

Eµ∗
(
us(rs; rs, µ

∗(r-s))
)
=

=
[
1− ecs(rs; r̂s)

]
(1− τs)Pr

(
r̂-s ∈ EB(r̂s)

)( 1

1− α

)[[
1

rs

] α
1−α

−
[
1

i

] α
1−α
]

−
[
1− ecs(rs; r̂s)

]
(1− τs)iEr

[
Pr(s = L∗ | r)

∣∣I∗∗L∗|s(rs, r-s)
∣∣]

−
[
1− ecs(r̂s; r̂-s)

]
(1− τs)

(
1− α

α

)
iPr
(
r̂-s ̸∈ EB(r̂s)

)
×

× Er

(
∂Pr(s = L∗ | r)

∂r̂s

[
1

r

] α
1−α

| r ≤ i

)
−Hs
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We then require that Eµ∗
(
us(i; i, µ

∗(r-s))
)
= c.

c =−
[
1− ecs(rs; r̂s)

]
(1− τs)iEr

[
Pr(s = L∗ | r)

∣∣I∗∗L∗|s(rs, r-s)
∣∣]

−
[
1− ecs(r̂s; r̂-s)

]
(1− τs)

(
1− α

α

)
iPr
(
r̂-s ̸∈ EB(r̂s)

)
×

× Er

(
∂Pr(s = L∗ | r)

∂r̂s

[
1

r

] α
1−α

| r ≤ i

)
−Hs

→ H∗
s =−

[
1− ecs(rs; r̂s)

]
(1− τs)iEr

[
Pr(s = L∗ | r)

∣∣I∗∗L∗|s(rs, r-s)
∣∣]

−
[
1− ecs(r̂s; r̂-s)

]
(1− τs)

(
1− α

α

)
iPr
(
r̂-s ̸∈ EB(r̂s)

)
×

× Er

(
∂Pr(s = L∗ | r)

∂r̂s

[
1

r

] α
1−α

| r ≤ i

)
− c

=− c−
[
1− ecs(rs; r̂s)

]
(1− τs)i

[
Er
[
Pr(s = L∗ | r)

∣∣I∗∗L∗|s(rs, r-s)
∣∣]

+

(
1− α

α

)
Pr
(
r̂-s ̸∈ EB(r̂s)

)
Er

(
∂Pr(s = L∗ | r)

∂r̂s

[
1

r

] α
1−α

| r ≤ i

)]

If ecs(rs; r̂-s) ≥
¯
e, then, by construction, for all rs and all r̂-s, EB(rs) = ∅ and thus

Pr
(
r̂-s ∈ EB(r̂s)

)
= 0. If ecs(rs; r̂-s) < ¯

e, then for all rs ≤ i (i.e. for all rs implying

participation), and all r̂-s, Pr(r̂-s ∈ EB(rs)) = 1.

The outside investors utility under truth-telling is then:

∀s ∈ S & ∀rs ∈ (0, i] & r̂-s ∈ (0, i]S−1 :

Er̂-s

(
u∗s(rs; rs, µ

∗(r-s))
)
=


c ∀ecs(rs; r-s) ≥ ¯

e[
1− ecs(rs; r̂s)

]
(1− τs)

(
1

1−α

)[[
1
rs

] α
1−α −

[
1
i

] α
1−α
]

∀ecs(rs; r-s) < ¯
e

Finally, we are going to relax the assumption that the equity stake does not depend

on the announcements. The outside investor expects to receive utility of at least c

regardless of r-s and the implied equity stake. Whenever ecs(rs; r-s) < ¯
e, the outside

151



A.5. THE OPTIMAL CONTRACT APPENDIX A. CHAPTER 1

investor’s utility depends on her equity stake ecs(rs; r-s), but does so linearly. Her total

expected probability is then:

∀s ∈ S & ∀rs ∈ (0, i] & r-s ∈ (0, i]S−1 :

Er-s

(
u∗s(rs; rs, µ

∗(r-s))
)
= Pr

(
ecs(rs; r-s) ≥ ¯

e
)
c

+ Pr
(
ecs(rs; r-s) < ¯

e
)[
1− Er-s

(
ecs(rs; r-s)

∣∣ecs(rs; r-s) < ¯
e
)]
(1− τs)

(
1

1− α

)
×

×

[[
1

rs

] α
1−α

−
[
1

i

] α
1−α
]

■

A.5.4 The Optimal Equity Stakes

Proof of Proposition 5 Lemma 3 ensures that the HQ can incentivise truth-telling

for any equity stake. HQ is thus unconstrained in the equity stakes it offers and can

choose those equity stakes to maximise its payoffs minus the utility that has to be left

to the outside investors.

First, note that HQ will never offer any menu including any equity stake that would

make her a minority owner:

∀s ∈ S,∀r̂s,∀r̂-s : ec∗s (r̂s; r̂-s) ≥ ¯
e

To see why, note that offering any ecs < ¯
e involves leaving information rents to the

outside investor. Additionally, any subsidiary with ecs < ¯
e and a participating outside

investor (rs ≤ i) only partakes in the internal capital market as the unique internal

lender. Only considering subsidiary s in isolation, switching to some ecs ≥ ¯
e thus allows

HQ to avoid leaving any rents to the outside investor and to make the subsidiary an
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internal lender if possible.

Regarding subsidiary’s s effect on all other subsidiaries, setting ecs ≥ ¯
e also dominates

ecs < ¯
e. HQ’s total return, including returns from internal arbitrage, from some majority

or wholly owned subsidiary v ̸= s is given by:

(1− τv)

(
α

1− α

)
Eµ∗
([

ev(1− τv)

µ∗ + ev(1− τv)i

] α
1−α
)

− c

HQ’s return from subsidiary v are clearly decreasing in µ∗. Increasing ecs then shifts

the distribution of µ∗ to put more weight on lower realisations increasing the expected

payoffs from v.

Finally, to see that in the optimum ecs = ē note that conditional on ecs ≥
¯
e, HQ’s

expected total returns from s are:

(1− τv)

(
α

1− α

)
iEµ∗

([
ecs(1− τv)

µ∗ + ecs(1− τv)i

] α
1−α
)

− ic

+ (1− τv)

(
α

1− α

)
Eµ∗
([

1− τv
µ∗ + (1− τv)i

] α
1−α
)

Which is strictly increasing in ecs. It follows that in the optimum, ec∗s = ē for all s ∈ S

and for all announcements, r̂. ■

Proof of Corollary 2 The unique internal lender is characterised by:

L∗ = min
s∈S

[
ē(1− τs)(rs − i)

]
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The probability with which a given subsidiary then becomes the unique internal lender

is:

Pr(s = L∗) =
∑
S0
P⊂S

Pr(S ′ = S0
P | s ∈ S ′)Pr

(
ē(1− τs)(rs− i) ≤ min

v∈S′

[
ē(1− τv)(rv − i)

])

Since, conditional on participation, rs ≤ i, the above expression in decreasing in τs. ■

A.6 Relaxing Assumption A2.2

If no outside investor participates and reveals information, HQ’s expected payoffs are

simply:

Er(u
HQ(0)) =

(
1

1− α

)[
1

r0

] α
1−α ∑

s∈S

(1− τs) = 2
α

1−α

(
1

1− α

)∑
s∈S

(1− τs)

If HQ screens at the internal interest rate, its payoffs are:

Er(u
HQ(i)) =i

∑
s∈S

(1− τs)

(
α

1− α

)
Eµ∗
([

ē(1− τs)

µ∗ + ē(1− τs)i

] α
1−α
)

− iSc

+ (1− i)
∑
s∈S

(1− τs)

(
α

1− α

)
Eµ∗
([

1− τs
µ∗ + (1− τs)i

] α
1−α
)

So, if HQ were to screen at any r′ < i, its expected payoffs are:

Er(u
HQ(r′)) =Pr(min

s∈S
rs ≤ r′)

[
r′
∑
s∈S

(1− τs)

(
α

1− α

)
Eµ∗
([

ē(1− τs)

µ∗ + ē(1− τs)i

] α
1−α
)

− r′Sc

+ (1− r′)
∑
s∈S

(1− τs)

(
α

1− α

)
Eµ∗
([

1− τs
µ∗ + (1− τs)i

] α
1−α
)]

+ Pr(min
s∈S

rs > r′)Er(u
HQ(0))
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Since rs ∼ U(0, 1], it follows that:

Pr(min
s∈S

rs ≤ r′) = 1−
[
1− r′

]S
& Pr(min

s∈S
rs > r′) =

[
1− r′

]S
Then:

Er(u
HQ(r′)) =

(
1−

[
1− r′

]S)[
r′
∑
s∈S

(1− τs)

(
α

1− α

)
Eµ∗
([

ē(1− τs)

µ∗ + ē(1− τs)i

] α
1−α
)

+ (1− r′)
∑
s∈S

(1− τs)

(
α

1− α

)
Eµ∗
([

1− τs
µ∗ + (1− τs)i

] α
1−α
)]

+
[
1− r′

]S
2

α
1−α

(
1

1− α

)∑
s∈S

(1− τs)− r′Sc

155



Appendix B

Chapter 2

B.1 Notation & Abbreviation

Abbreviations

FSE Full Surplus Extraction IRM Interim Rent Maximisation

vNM von Neumann-Morgenstern

P Principal A Agent
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Exogenous Parameters

θ Agent’s type

Θ Type space

ω State of the World

Ω State Space

uP (x, t; θ)
Principal’s utility

uP (x, t; θ, ω)

uA(x, t; θ)
Agent’s utility

uA(x, t; θ, ω)

w(x; θ)
Principal’s vNM utility

w(x; θ, ω)

v(x; θ)
Agent’s vNM utility

v(x; θ, ω)

¯
u(θ)

Agent’s reservation utility

¯
u(θ, ω)

U(v(x; θ, ω) + t) Agent’s utility under risk aversion

Ωθ = {ω ∈ Ω: fθ(ω) > 0} Belief support of θ

Ω-θ Complement of Ωθ

Endogenous Choices

x ∈ X Action t ∈ R Transfer

θ̂ ∈ Θ Announcement {x(θ̂), t(θ̂)}θ̂∈Θ
Mechanism

{x(θ̂, ω), t(θ̂, ω)}θ̂∈Θ,ω∈Ω
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Distributions

G(·) Cumulative Distribution of θ

g(·) Probability density/ mass function of θ

F (·) Distribution of ω

Fθ(·) Conditional distribution of ω given θ

fθ(·) Belief of type θ

Notation

EH(·) Expectation under H(·) PH(·) Probability under H(·)

1A(a) Indicator function a ∈ A A ∪ B Set union

A ∩ B Set intersection A \ B Set difference

co(A) Convex hull co(A) Closed convex hull

|A| Cardinality of finite set ∆(A) Space of Borel prob. measures

µ ∈ ∆(A) Borel measure δ(x) Dirac measure centred on x

det(A) Matrix determinant A⊺ Matrix transpose

||x− y|| Distance between x & y ⌊x⌉ Nearest integer to x

B.2 Mathematical Appendix

B.2.1 Interim Rent Maximisation

Proof of Theorem 1 Fix an allocation {x(θ)}θ∈Θ. By Definition D4, FSE requires

that for all θ ∈ Θ, the agent just receives his reservation utility, v
(
x(θ); θ

)
+t(θ) =

¯
u(θ),

which implies a transfer of t(θ) =
¯
u(θ) − v

(
x(θ); θ

)
. The implementable form of this

transfer is then t(θ̂) =
¯
u(θ̂) − v

(
θ̂; θ̂
)
. For this mechanism to be incentive compatible,

any misreporting θ̂ ̸= θ has to result in utility weakly below the type’s reservation
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utility.

∀θ ∈ Θ & ∀θ̂ ∈ Θ: v
(
x(θ̂); θ

)
+
¯
u(θ̂)− v

(
x(θ̂); θ̂

)
≤

¯
u(θ)

⇐⇒ v
(
x(θ̂); θ

)
−
¯
u(θ) ≤ v

(
x(θ̂); θ̂

)
−
¯
u(θ̂)

Which is exactly the Interim Rent Maximisation Assumption A3. ■

Proof of Proposition 6 Let the agent’s utility be as in Equation (2.1). Each types

interim rents are then xv(θ). To see that no interim rent maximisation allocation exists

take two types, θ, θ′ ∈ Θ with θ ̸= θ′ such that v(θ) ̸= v(θ′). Fix any allocation

{x(θ), x(θ′)}. Interim rent maximisation then requires that:

x(θ)v(θ) ≥ x(θ)v(θ′) → v(θ) ≥ v(θ′)

x(θ′)v(θ′) ≥ x(θ′)v(θ) → v(θ′) ≥ v(θ)

This can only be fulfilled if v(θ) = v(θ′), i.e. if θ = θ′. ■

Proof of Proposition 7 By assumption, {v(x; θ)−
¯
u(θ)}θ∈Θ satisfies the single cross-

ing property in x. Therefore, the points x̄i,j exists for all i, j. The types have been

ordered such that v(
¯
x; θi)−

¯
u(θi) ≥ v(

¯
x; θi+j)−

¯
u(θi+j) for all j ∈ N. For each θi ∈ Θ,

we then have to find an action xθi satisfying Remark 2. For θ1, we can immediately set

xθ1 = ¯
x. For xθ2 to exists, we thus require that v(x; θ1)−

¯
u(θ1) to cross v(x; θ2)−

¯
u(θ2)

before v(x; θ2) −
¯
u(θ2) crosses v(x; θ3) −

¯
u(θ3): x̄1,2 ≤ x̄2,3. Then, xθ2 ∈ [x̄1,2, x̄2,3]. If

x̄1,2 ≤ x̄2,3, it follows that v(x; θ3) −
¯
u(θ3) ≥ v(x; θ2) −

¯
u(θ2) ≥ v(x; θ1) −

¯
u(θ1) for all

x ≥ x̄2,3. Then, xθ3 exists if there exists a x such that v(x; θ3)−
¯
u(θ3) ≥ v(x; θ4)−

¯
u(θ4),

i.e. for x ≤ x̄3,4. We thus require xθ3 ∈ [x̄2,3, x̄3,4] and x̄2,3 ≤ x̄3,4. We can repeat this

argument for each type θi ∈ Θ. The result follows. ■
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Proof of Proposition 8 By assumption, v(x; θ)−
¯
u(θ) ≥ 0 for all θ ∈ Θ and for all

x ∈ X . If, for all θ ∈ Θ, there exists an xθ ∈ X such that xθ ∈ supp
(
v(x; θ) −

¯
u(θ)

)
but xθ /∈ supp

(
v(x; θ′)−

¯
u(θ′)

)
for all θ′ ̸= θ, then:

∀θ ∈ Θ: v(xθ; θ)−
¯
u(θ) > 0 & v(xθ; θ

′)−
¯
u(θ′) ≤ 0

Then xθ satisfies Remark 2 and an allocation satisfying interim rent maximisation

exists. ■

Proof of Proposition 9 The efficient action is xFB(θ) = αθ for all θ ∈ Θ. The

efficient allocation satisfies interim rent maximisation if:

∀θi, θj ∈ Θ: 0.5
(
1 + θi

)
≥ 0.5

(
1 + θj −

[
xFB(θi)− αθj

]2) ⇐⇒ α ≥

√
1

θj − θi

Since this has to hold for all θj and θi, the right-hand side is maximised at θj = 3 and

θi = 0. We thus require: α ≥ 1√
3
= A2 ≈ 0.577.

Given the type-independent reservation utilities, the optimal mechanism leaving inform-

ation rents to the agent is characterised by the following principal’s problem (Fudenberg

and Tirole, 1991, p.264):

max
{x(θ)}θ∈Θ

∑
θ∈Θ

[
1

2
Π
(
x(θ); θ

)
+

1

2
Π
(
x(θ); θ

)
− 1−G(θ)

g(θ)

∂ 1
2
Π
(
x(θ); θ

)
∂θ

]
g(θ)

s.t. x(θ) non-decreasing in θ
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Where ∂0.5Π
∂θ

= 0.5 ∂
∂θ
[1 + θ − (x − αθ)2] = 0.5 + α(x − αθ). Ignoring the monotonicity

constraint for now, the principal’s problem then becomes:

max
{x(θ)}θ∈Θ

∑
θ∈Θ

[
1 + θ −

(
x(θ)− αθ

)2 − 1− 1+θ
4

1
4

[
0.5 + α

(
x(θ)− αθ

)]]1
4

⇐⇒ max
{x(θ)}θ∈Θ

∑
θ∈Θ

[
1 + θ −

(
x(θ)− αθ

)2 − [4− (1 + θ)
][
0.5 + α

(
x(θ)− αθ

)]]

The first-order condition with respect to each x(θ) is then:

∀θ ∈ Θ: 0 = −2
(
x∗(θ)− αθ

)
− α

[
4− (1 + θ)

]
= −2

(
x∗(θ)− αθ

)
− α

[
3− θ

]
→x∗(θ) =

3α[θ − 1]

2

Which satisfies the monotonicity constraint ignored before.

The optimal allocation conditional on the agent earning information rents then implies

expected profits of:

EG
(
Π∗(θ)

)
=
1

4

∑
θ∈Θ

1 + θ −
(
3α[θ − 1]

2
− αθ

)2

=
1

4

∑
θ∈Θ

1 + θ − α2

(
θ − 3

2

)2

=
10− 3.5α2

4

And the expected payoffs of the principal are are the joint surplus (expected profits)

derived above minus the agent’s expected information rents:

EG
(
uP (x∗(θ); θ)

)
=
1

4

∑
θ∈Θ

[
1 + θ −

(
x∗(θ)− αθ

)2 − [4− (1 + θ)
][
0.5 + α

(
x∗(θ)− αθ

)]]

=
10− 3.5α2

4
− 1

4

∑
θ∈Θ

[
4− (1 + θ)

][
0.5 + α

(
3α[θ − 1]

2
− αθ

)]

=
10− 3.5α2

4
− 1

4

∑
θ∈Θ

[
4− (1 + θ)

][
0.5 + α2 θ − 3

2

]

161



B.2. MATHEMATICAL APPENDIX APPENDIX B. CHAPTER 2

Then:

[
4− (1 + 0)

][
0.5− α23

2

]
= 3

[
0.5− α23

2

]
= 1.5− α29

2[
4− (1 + 1)

][
0.5 + α21− 3

2

]
= 2

[
0.5− α22

2

]
= 1− 2α2

[
4− (1 + 2)

][
0.5 + α22− 3

2

]
= 0.5− α21

2[
4− (1 + 3)

][
0.5 + α23− 3

2

]
= 0

Then:

∑
θ∈Θ

[
4− (1 + θ)

][
0.5 + α

(
θ[3α− 2]− 2α

2

)]
=1.5− α29

2
+ 1− 2α2 + 0.5− α21

2
= 3− α214

2

And:

EG
(
uP (x∗(θ); θ)

)
=
10− 3.5α2

4
− 1

4

[
3− 7α2

]
=

7− 10.5α2

4
(B.1)

Turning to the best interim rent maximising allocation, {xIRM(θ)}θ∈Θ, it is easy to check

that Π(x; θ) is strictly concave in x with a unique maximum at xFB(θ). In addition, the

family {Pi(x; θ)}θ∈Θ satisfies single-crossing. The interim rent maximising allocation

is then such that ∀θi < θ3, x
IRM(θi) such that Π

(
xIRM(θi); θi) = Π

(
xIRM(θi), θi+1) and
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xIRM(θ3) = xFB(θ3).
1 Then:

1 + 0−
(
xIRM(θ0)− α ∗ 0)2 = 1 + 1−

(
xIRM(θ0)− α ∗ 1)2 → xIRM(θ0) =

α2 − 1

2α

→ xIRM(θ0)− αθ0 =
α2 − 1

2α

1 + 1−
(
xIRM(θ1)− α ∗ 1)2 = 1 + 2−

(
xIRM(θ1)− α ∗ 2)2 → xIRM(θ1) =

3α2 − 1

2α

→ xIRM(θ1)− αθ1 =
α2 − 1

2α

1 + 2−
(
xIRM(θ2)− α ∗ 2)2 = 1 + 3−

(
xIRM(θ2)− α ∗ 3)2 → xIRM(θ2) =

5α2 − 1

2α

→ xIRM(θ2)− αθ2 =
α2 − 1

2α

The expected profits from the best interim rent maximising allocation is then:

EG
(
Π
(
xIRM(θ); θ

))
=
1

4

(
10− 3

(α2 − 1)2

4α2

)
(B.2)

Since the principal can appropriate the entire surplus under {xIRM(θ)}θ∈Θ and all types

have zero reservation utility, the expected profits also equal to principal’s expected pay-

offs. Then, the FSE mechanism is more efficient than the optimal non-FSE mechanism

if:

EG
(
Π
(
xIRM(θ); θ

))
≥ EG

(
Π
(
x∗(θ); θ

))
⇐⇒ 3.5α2 ≥ 3

(α2 − 1)2

4α2

⇐⇒ ⇐⇒ 3.5α4 ≥ 0.75(α4 − 2α2 + 1)2.75α4 + 1.5α2 − 1 ≥ 0

⇐⇒ ⇐⇒ α ≥
√
0.389 ≡ A3 ≈ 0.6237

1The standard “no distortion on the top” result carries over to interim rent maximising allocations
if the interim rents are well-behaved.
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But, from Equation (B.1) and (B.2), the principal prefers the FSE to the non-FSE

mechanism if:

EG
(
Π
(
xIRM(θ); θ

))
≥ EG

(
uP (x∗(θ); θ)

)
⇐⇒ 1

4

(
10− 3

(α2 − 1)2

4α2

)
≥ 7− 10.5α2

4

⇐⇒ 10− 3
(α2 − 1)2

4α2
≥ 7− 10.5α2 ⇐⇒ α ≥

√√
22− 3

13
≡ A1 ≈ 0.13

So, when α ∈ [A1, A3], then the mechanism leaving rents to the agents is efficient but

the principal prefer the FSE mechanism. Since efficient FSE is feasible if α ≥ A2 where

A2 > A1 and A2 < A3, the result follows. ■

B.2.2 Uncertainty

Remark 16 (Separating Hyperplane). For each type θ ∈ Θ, there exists a hyperplane

hθ(ω;OCM
θ ) with zero expectation for type θ and strictly positive expectation for all

θ′ ∈ OCM
θ .

∀θ ∈ Θ: ∃hθ(ω;OCM
θ ) : Ω → R such that EFθ

(
hθ(ω;OCM

θ )
)
= 0

& EFθ′
(
hθ(ω;OCM

θ )
)
> 0 ∀θ′ ∈ OCM

θ

Proof of Remark 16 Following Crémer and McLean (1985; 1988), for all θ ∈ Θ, we

want to show the existence of a hyperplane hθ(ω;OCM
θ ) with EFθ(hθ(ω;OCM

θ )) = 0 and

EFθ′ (hθ(ω;O
CM
θ )) > 0 for all θ′ ∈ OCM

θ . I first show that convex independence implies

the existence of a separating hyperplane; then that the existence of a separating hyper-

plane implies convex independence.

Convex independence implies existence of separating hyperplane: Because fθ(ω) satis-

fies convex independence vis-à-vis {fθ′(ω)}θ′∈OCMθ , it follows that fθ(ω) ̸∈ co({fθ′(ω)}θ′∈OCMθ ).
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Because co({fθ′(ω)}θ′∈OCMθ ) is a closed and convex set, we can appeal to the separating

hyperplane theorem (see, for example, Mas-Colell et al. (1995, p.948)). Then, there

exists a pθ of the same dimension as the state space Ω and a constant c ∈ R, such that:

c =


∑

ω∈Ω fθ(ω)pθ(ω)∫
ω∈Ω fθ(ω)pθ(ω) dω

& ∀θ′ ∈ OCM
θ : c <


∑

ω∈Ω fθ′(ω)pθ(ω) if Ω is finite∫
ω∈Ω fθ′(ω)pθ(ω) dω if Ω is infinite

Then:

0 =


∑

ω∈Ω fθ(ω)pθ(ω)− c if Ω is finite∫
ω∈Ω fθ(ω)pθ(ω) dω − c if Ω is infinite

∀θ′ ∈ OCM
θ : 0 <


∑

ω∈Ω fθ′(ω)pθ(ω)− c if Ω is finite∫
ω∈Ω fθ′(ω)pθ(ω) dω − c if Ω is infinite

By the property of probabilities, it follows that
∑

ω∈Ω fθ(ω) = 1 with a finite state

space and
∫
ω∈Ω fθ(ω) dω = 1 with an infinite state space. Then, c = c

∑
ω∈Ω fθ(ω) =∑

ω∈Ω cfθ(ω) or c = c
∫
ω∈Ω fθ(ω) dω =

∫
ω∈Ω cfθ(ω) dω. For all ω ∈ Ω, define hθ(ω;OCM

θ ) ≡

pθ(ω)− c. The result follows.

Existence of separating hyperplane implies convex independence: We want to show that

if there exists a hθ(ω;OCM
θ ) with EFθ(hθ(ω;OCM

θ )) = 0 and EFθ′ (hθ(ω;O
CM
θ )) > 0 for

all θ′ ∈ OCM
θ , then the belief of type ω, fθ(ω), has to satisfy convex independence with

respect to the beliefs of all types θ′ ∈ OCM
θ . The proof is first done for a finite state

space, then for an infinite state space.

Finite state space: If Ω = {ω1, . . . , ωN}, then:

∀θ′ ∈ OCM
θ : EFθ′

(
hθ(ω;OCM

θ )
)
=
∑
ω∈Ω

fθ′(ω)hθ(ω;OCM
θ ) > 0
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Then, for all µ ∈ ∆(OCM
θ ∪ θ):

0 =EFθ
(
hθ(ω;OCM

θ )
)
=
∑
ω∈Ω

fθ(ω)hθ(ω;OCM
θ ) =

∑
θ′′∈OCMθ ∪θ

µθ′′
∑
ω∈Ω

fθ′′(ω)hθ(ω;OCM
θ )

=
∑

θ′′∈OCMθ ∪θ

µθ′′EFθ′′
(
hθ(ω;OCM

θ )
)

=µθ EFθ
(
hθ(ω;OCM

θ )
)︸ ︷︷ ︸

=0

+
∑

θ′′∈OCMθ

µθ′′ EFθ′′
(
hθ(ω;OCM

θ )
)︸ ︷︷ ︸

>0

⇐⇒ µθ = 1

Infinite Type Space: If Ω is an infinite metric space, then:

∀θ′ ∈ OCM
θ : EFθ′

(
hθ(ω;OCM

θ )
)
=

∫
ω∈Ω

fθ′(ω)hθ(ω;OCM
θ ) dω > 0

Again, for all µ ∈ ∆(OCM
θ ∪ θ):

0 =EFθ
(
hθ(ω;OCM

θ )
)
=

∫
ω∈Ω

fθ(ω)hθ(ω;OCM
θ ) dω

=
∑

θ′′∈OCMθ ∪θ

µθ′′

∫
ω∈Ω

fθ′′(ω)hθ(ω;OCM
θ ) d =

∑
θ′′∈OCMθ ∪θ

µθ′′EFθ′′
(
hθ(ω;OCM

θ )
)

=µθ EFθ
(
hθ(ω;OCM

θ )
)︸ ︷︷ ︸

=0

+
∑

θ′′∈OCMθ

µθ′′ EFθ′′
(
hθ(ω;OCM

θ )
)︸ ︷︷ ︸

>0

⇐⇒ µ = δ(θ)

■

Proof of Remark 6 The fact that expected and virtual FSE can break down if the

agent is risk averse follows immediately from Robert (1991). Landsberger and Meilijson

(1996) have shown that strict FSE is not impacted by risk aversion. The proof relies

on showing that, for each type θ ∈ Θ, the certainty equivalence of participating in the

mechanism under strict FSE equals the certainty equivalence of the outside option.
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The certainty equivalence of the reservation utility is:

∀θ ∈ Θ:
¯
Cθ ≡ EFθ

(
U
(
¯
u(θ, ω)

))
The certainty equivalence an agent of type θ receives from participating in the mech-

anism is instead:

∀θ ∈ Θ: Cθ ≡ EFθ
(
ũA
(
x(θ;ω), t(θ;ω); θ, ω

))

If strict FSE is feasible, then for all ω ∈ Ω with fθ(ω) > 0 (i.e. ω ∈ Ωθ), u
A
(
x(θ;ω), t(θ;ω); θ, ω

)
=

¯
u(θ, ω). Since Ω = Ωθ ∪ Ω-θ for all θ ∈ Θ, it follows from the law of total expectation

that:

∀θ ∈ Θ: EFθ
(
uA
(
x(θ;ω), t(θ;ω); θ, ω

))
=

=EFθ
(
uA
(
x(θ;ω), t(θ;ω); θ, ω

)
| ω ∈ Ωθ

)
+ EFθ

(
uA
(
x(θ;ω), t(θ;ω); θ, ω

)
| ω ∈ Ω-θ

)
=

= EFθ
(
¯
u(θ, ω)

)
→

¯
Cθ = Cθ

Thus, participating in the mechanism does not change the amount of risk an agent

bears vis-a-vis the outside option. Risk aversion is irrelevant with strict FSE. ■

Proof of Remark 7 The fact that probabilistic independence simplifies to convex

independence with finite type spaces has already been established in Lopomo et al.

(2022a). To see that non-overlapping support implies convex independence, fix any

type θ ∈ Θ. If the non-overlapping support assumptions holds (Ωθ ̸= Ωθ′ for some

θ′ ̸= θ), we can find a set T ⊆ Ω-θ such that PFθ(T ) = 0 and PFθ′ (T ) > 0. Take any

state ω ∈ T ⊆ Ω-θ. Since, by definition, Ω-θ ∩ Ωθ = ∅, it follows that T ∩ Ωθ = ∅.

Then, for all ω ∈ T , fθ(ω) = 0 and fθ′(ω) > 0. Expressing this relationship as a convex
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combination implies:

∃ω ∈ T : fθ(ω)︸ ︷︷ ︸
=0

= µθ fθ(ω)︸ ︷︷ ︸
=0

+µθ′ fθ′(ω)︸ ︷︷ ︸
>0

+
∑
θ′′ ̸=θ

µθ′′ fθ′′(ω)︸ ︷︷ ︸
≥0

→ µθ′ = 0

To see that the reverse is not necessarily true, consider the example from the main text:

Assume that there are three states, ω1, ω2, and ω3, and three agents, θ1, θ2, and θ3.

Assume the agents’ beliefs are given by:

fθ1(ω) =


0.4

0.3

0.3

 fθ2(ω) =


0.2

0.5

0.3

 fθ3(ω) =


0.1

0.6

0.3


Here, the non-overlapping support assumption clearly does not hold: all agents assign

positive probability to all states. To see that convex independence is satisfied nonethe-

less, let B denote the matrix of the beliefs:

B =


0.4 0.2 0.1

0.3 0.5 0.6

0.3 0.3 0.3
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The beliefs satisfy convex independence if the determinant of B is zero. To see that

this holds, note that:

det(B) = det


0.4 0.2 0.1

0.3 0.5 0.6

0.3 0.3 0.3


=(−1)1+10.4 det

0.5 0.6

0.3 0.3

+ (−1)2+10.3 det

0.2 0.1

0.3 0.3


+ (−1)3+10.3 det

0.2 0.1

0.5 0.6


=0.4

[
0.5 ∗ 0.3− 0.6 ∗ 0.3

]
− 0.3

[
0.2 ∗ 0.3− 0.1 ∗ 0.3

]
+ 0.3

[
0.2 ∗ 0.6− 0.1 ∗ 0.5

]
=0.4 ∗ (−0.03)− 0.3(0.03) + 0.3(0.07) = −0.012− 0.009 + 0.021

=0

■

Proof of Proposition 10 The result for expected FSE follows immediately from

Crémer and McLean (1985; 1988); for virtual FSE from McAfee and Reny (1992); and

from Landsberger and Meilijson (1996) for strict FSE. I repeat the arguments here to

establish some intermediate results that will be useful later. The exposition for expected

and virtual FSE closely follows the arguments in Lopomo et al. (2022a). For now, fix

an arbitrary allocation {x(θ̂)}θ̂∈Θ to be implemented.

Expected FSE: Let Θ = {θ1, . . . , θN} be finite and assume the Convex Independence

Assumption A4 holds for all θ ∈ Θ, such that OCM
θ ≡ Θ \ θ. Then, for each θ ∈ Θ

there exists a separating hyperplane hθ(ω;OCM
θ ) as constructed in Remark 16, such

that EFθ(hθ(ω;OCM
θ )) = 0 and EFθ′ (hθ(ω;O

CM
θ )) > 0 for all θ′ ̸= θ. Let the transfer

169



B.2. MATHEMATICAL APPENDIX APPENDIX B. CHAPTER 2

be:

∀θ̂ ∈ Θ & ∀ω ∈ Ω: t
(
θ̂;ω) =

¯
u(θ̂, ω)− v

(
x(θ̂;ω); θ̂, ω

))
− hθ̂(ω;O

CM
θ )K(θ̂;OCM

θ )

For some constant K(θ̂;OCM
θ ) ∈ R.

An agent of type θ announcing θ̂ then receives expected utility of:

∀θ ∈ Θ & ∀θ̂ ∈ Θ:

EFθ
(
uA
(
x(θ̂;ω), t(θ̂;ω); θ, ω

))
= EFθ

(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ, ω

)
− v
(
x(θ̂;ω); θ̂, ω

))
− EFθ

(
hθ̂(ω;O

CM
θ̂

)
)
K(θ̂;OCM

θ̂
)

Truthful revelation, θ = θ̂, then results in expected FSE: EFθ
(
uA
(
x(θ;ω), t(θ;ω); θ, ω

))
=

EFθ
(
¯
u(θ;ω)

)
. For this to be incentive compatible, any misreporting θ̂ ̸= θ, has to result

in weakly lower expected utility for the agent:

∀θ ∈ Θ & ∀θ̂ ∈ Θ:

EFθ
(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ, ω

)
− v
(
x(θ̂;ω); θ̂, ω

))
− EFθ

(
hθ̂(ω;O

CM
θ̂

)
)
K(θ̂;OCM

θ̂
) ≤

≤ EFθ
(
¯
u(θ;ω)

)
⇐⇒ K(θ̂;OCM

θ̂
) ≥

EFθ
(
v
(
x(θ̂;ω); θ, ω

)
−
¯
u(θ;ω)−

[
v
(
x(θ̂;ω); θ̂, ω

)
−
¯
u(θ̂, ω)

])
EFθ
(
hθ̂(ω;OCM

θ̂
)
)

⇐⇒ K(θ̂;OCM
θ̂

) ≥ max
θ′∈OCM

θ̂

EFθ′
(
v
(
x(θ̂;ω); θ′, ω

)
−
¯
u(θ′, ω)

[
− v
(
x(θ̂;ω); θ̂, ω

)
−
¯
u(θ̂, ω)

])
EFθ′

(
hθ̂(ω;OCM

θ̂
)
)

(B.3)
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So, the equilibrium transfer has to fulfil:

∀θ̂ ∈ Θ & ∀ω ∈ Ω:

t∗(θ̂;ω) ≤
¯
u(θ̂, ω)− v

(
x(θ̂;ω); θ̂, ω

)
− hθ̂(ω;O

CM
θ̂

) max
θ′∈OCM

θ̂

EFθ′
(
v
(
x(θ̂;ω); θ′, ω

)
−
¯
u(θ′, ω)

[
− v
(
x(θ̂;ω); θ̂, ω

)
−
¯
u(θ̂, ω)

])
EFθ′

(
hθ̂(ω;OCM

θ̂
)
)

Virtual FSE: Let Θ be of infinite cardinality and assume that for each θ ∈ Θ the

Stochastic Independence Assumption A4 is satisfied for all other θ′ ̸= θ: OMR
θ = Θ \ θ

for all θ ∈ Θ. Not repeated here but shown in Lopomo et al. (2022a) and McAfee and

Reny (1992) is that stochastic independence allows to construct separating hyperplanes

as in Remark 16 for the set OMR
θ .

The main difficulty introduced by the infinite type space relates to the lower bound on

the misreporting punishments derived in Equation (B.3): as both the numerator and

the denominator approach zero in the limit as θ̂ → θ, the expression need no longer

be finite. Taking some ε > 0 as fixed, there exists a δ > 0 such that ||θ − θ′|| < δ

implies EFθ
(
v
(
x(θ;ω); θ′, ω) −

¯
u(θ′, ω) +

¯
u(θ, ω) − v

(
x(θ;ω); θ, ω)

)
< ε. Since the set

of types {θ ∈ Θ: ||θ′ − θ′′|| > δ} is compact, it follows that there exists a well-defined

R(θ̂;OMR
θ̂

) ∈ R satisfying:

R(θ̂;OMR
θ̂

) ≥ max
θ′,||θ̂−θ′||>δ

EFθ′
(
v
(
x(θ̂;ω); θ′, ω

)
−
¯
u(θ′, ω)−

[
v
(
x(θ̂;ω); θ̂, ω

))
−
¯
u(θ̂, ω)

]
EFθ′

(
hθ̂(ω;OMR

θ̂
)
)
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The minimal transfer that allows for virtual FSE is claimed to be:

∀θ̂ ∈ Θ & ∀ω ∈ Ω:

t∗(θ̂;ω) ≤
¯
u(θ̂, ω)− v

(
x(θ̂;ω); θ̂, ω

)
− hθ̂(ω;O

CM
θ̂

) max
θ′,||θ̂−θ′||>δ

EFθ′
(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ′, ω

)
− v
(
x(θ̂;ω); θ̂, ω

))
EFθ′

(
hθ̂(ω;OCM

θ̂
)
)

Then, consider the agent’s utility:

∀θ ∈ Θ & ∀θ̂ ∈ Θ:

EFθ
(
uA
(
x(θ̂;ω), t(θ̂;ω); θ, ω

))
< EFθ

(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ, ω

)
− v
(
x(θ̂;ω); θ̂, ω

))
− EFθ

(
hθ̂(ω;O

MR
θ̂

)
)

max
θ′,||θ̂−θ′||>δ

EFθ′
(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ′, ω

)
− v
(
x(θ̂;ω); θ̂, ω

)
−
¯
u(θ′, ω)

)
EFθ′

(
hθ̂(ω;OMR

θ̂
)
)

If the agent announces truthfully, θ̂ = θ, then he expects to receive his expected reser-

vation utility which is then the lower bound of his utility:

EFθ
(
uA
(
x(θ;ω), t(θ;ω); θ, ω

))
= EFθ

(
¯
u(θ, ω)

)

He chooses his announcement to maximise his expected payoffs:

θ̂∗ ∈ argmax
θ̂∈Θ

EFθ
(
uA
(
x(θ;ω), t(θ;ω); θ, ω

))
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If the agent announces some θ̂ with
∣∣∣∣∣∣θ̂ − θ

∣∣∣∣∣∣ > δ, his expected utility is:

EFθ
(
uA
(
x(θ̂;ω), t(θ̂;ω); θ, ω

))
= EFθ

(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ, ω

)
− v
(
x(θ̂;ω); θ̂, ω

))
− EFθ

(
hθ̂(ω;O

MR
θ̂

)
)

argmax
θ′,||θ̂−θ′||>δ

EFθ′
(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ′, ω

)
− v
(
x(θ̂;ω); θ̂, ω

)
−
¯
u(θ′, ω)

)
EFθ′

(
hθ̂(ω;OMR

θ̂
)
)

≤ EFθ
(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ, ω

)
− v
(
x(θ̂;ω); θ̂, ω

))
− EFθ

(
hθ̂(ω;O

MR
θ̂

)
)EFθ(¯u(θ̂, ω) + v

(
x(θ̂;ω); θ, ω

)
− v
(
x(θ̂;ω); θ̂, ω

)
−
¯
u(θ, ω)

)
EFθ
(
hθ̂(ω;OMR

θ̂
)
)

= EFθ
(
¯
u(θ, ω)

)
And the agent receives utility weakly below his reservation utility. Thus any announce-

ment with
∣∣∣∣∣∣θ̂ − θ

∣∣∣∣∣∣ > δ cannot be optimal. By construction, any announcement such

that
∣∣∣∣∣∣θ̂ − θ

∣∣∣∣∣∣ ≤ δ results in utility of EFθ
(
uA
(
x(θ̂;ω), t(θ̂;ω); θ, ω

))
≤ EFθ

(
¯
u(θ)

)
+ ε.

Strict FSE: Let Θ = {θ1, . . . , θN} be finite and assume the for all θ ∈ Θ the Non-

Overlapping Support Assumption A4 holds for all θ′ ̸= θ. Then, OLM
θ = Θ \ θ for all

θ ∈ Θ. Then, for each type θ ∈ Θ, there exists a set Tθ ⊆ Ω-θ such that PFθ(Tθ) = 0

and PFθ′ (Tθ) > 0 for all θ ∈ OLM
θ . Suppose the transfer is given by:

∀θ̂ ∈ Θ & ∀ω ∈ Ω: t
(
θ̂;ω) =

¯
u(θ̂, ω)− v

(
x(θ̂;ω); θ̂, ω

))
− 1Tθ̂(ω)T (θ̂;O

LM
θ̂

)

An agent of type θ announcing θ̂ expects utility of:

EFθ
(
uA
(
x(θ̂;ω), t(θ̂;ω); θ

))
=

= EFθ
(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ, ω

)
− v
(
x(θ̂;ω); θ̂, ω

)
− 1Tθ̂(ω)T (θ̂;O

LM
θ̂

)
)

= EFθ
(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ, ω

)
− v
(
x(θ̂;ω); θ̂, ω

))
− PFθ(Tθ̂)T (θ̂,O

LM
θ̂

)
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If the agent announces truthfully, θ̂ = θ, then PFθ(Tθ) = PFθ(Tθ) = 0 since Tθ ⊆ Ω-θ.

His expected payoffs are thus EFθ
(
uA
(
x(θ;ω), t(θ;ω); θ

))
= EFθ

(
¯
u(θ, ω)

)
. In particular,

the agent only earns his reservation utility in each state of the world in his support:

∀ω ∈ Ωθ, u
A
(
x(θ;ω), t(θ;ω); θ

)
=

¯
u(θ, ω). The mechanism (if incentive compatible)

thus satisfies strict FSE.

For truth-telling to be incentive compatible, any misreporting has to resolve in weakly

lower utility:

∀θ ∈ Θ & ∀θ̂ ̸= θ :

EFθ
(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ, ω

)
− v
(
x(θ̂;ω); θ̂, ω

))
− PFθ(Tθ̂)T (θ̂,O

LM
θ̂

) ≤ EFθ
(
¯
u(θ, ω)

)
⇐⇒ T (θ̂, ωθ̂) ≥

EFθ
(
v
(
x(θ̂;ω); θ, ω

)
−
¯
u(θ, ω)

)
− EFθ

(
v
(
x(θ̂;ω); θ̂, ω

)
−
¯
u(θ̂, ω)

)
PFθ(Tθ)

∀θ ̸= θ̂

⇐⇒ T (θ̂, ωθ̂) ≥ max
θ′∈OLM

θ̂

EFθ′
(
v
(
x(θ̂;ω); θ′, ω

)
−
¯
u(θ, ω)

)
− EFθ′

(
v
(
x(θ̂;ω); θ̂, ω

)
−
¯
u(θ̂, ω)

)
PFθ′ (Tθ)

The equilibrium transfer thus has to fulfil:

∀θ̂ ∈ Θ & ∀ω ∈ Ω: t∗(θ̂;ω) ≤
¯
u(θ̂, ω)− v

(
x(θ̂;ω); θ̂, ω

)
− 1Tθ̂(ω) max

θ′∈OLM
θ̂

EFθ′
(
v
(
x(θ̂;ω); θ′, ω

)
−
¯
u(θ, ω)

)
− EFθ′

(
v
(
x(θ̂;ω); θ̂, ω

)
−
¯
u(θ̂, ω)

)
PFθ′ (Tθ)

Efficiency: Above we have seen that each notion of FSE under uncertainty is implement-

able for any given allocation {x(θ)}θ∈Θ as long as the relevant condition on the correla-

tion structure between the agent’s type and the state is fulfilled: convex independence

for expected FSE, probabilistic independence for virtual FSE, and non-overlapping

support for strict FSE. It follows that implementation is also feasible for the efficient

allocation, {xFB(θ)}θ∈Θ. Implementing the efficient allocation is then also optimal for
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the principal since she can appropriate the entire maximised joint surplus. ■

Proof of Theorem 2 The result follows more or less immediately from Theorem

1 and (i) either Crémer and McLean (1985; 1988) for expected FSE, (ii) or McAfee

and Reny (1992) for virtual FSE, (iii) or Landsberger and Meilijson (1996) for strict

FSE. To see how these results can be combined to yields necessary and sufficient con-

ditions, I illustrate the proof for expected FSE. The proofs for virtual and strict FSE

are equivalent.

Expected FSE: As before, let Θ be finite. By definition of expected FSE, we require

that:

∀θ ∈ Θ:

EFθ
(
uA
(
x(θ;ω), t(θ;ω); θ, ω

))
= EFθ

(
v
(
x(θ;ω); θ, ω

)
+ t
(
θ;ω)

)
= EFθ

(
¯
u(θ, ω)

)
⇐⇒ EFθ

(
t
(
θ;ω)

)
= EFθ

(
¯
u(θ, ω)− v

(
x(θ;ω); θ, ω

))
⇐⇒ t

(
θ;ω) =

¯
u(θ, ω)− v

(
x(θ;ω); θ, ω

)
− Γ(θ;ω) with EFθ

(
Γ(θ;ω)

)
= 0

The implementable form of this transfer is then:

∀θ̂ ∈ Θ & ∀ω ∈ Ω: t
(
θ̂;ω) =

¯
u(θ̂, ω)− v

(
x(θ̂;ω); θ, ω

)
− Γ(θ̂;ω)

In the proof of Proposition 10, the term Γ(θ̂;ω) has already been derived around the

separating hyperplanes from Remark 16. There, we have assumed that convex inde-

pendence from Assumption A4 applies to the entire type space. We will maintain

the form of Γ(θ̂;ω) as Γ(θ̂;ω) ≥ hθ̂(ω;OCM
θ )K(θ̂;OCM

θ ), but it is now allowed that

OCM
θ ⊆ (Θ \ θ). As before, an agent of type θ announcing θ̂ receives expected a
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minimal expected utility of:

∀θ ∈ Θ & ∀θ̂ ∈ Θ:

EFθ
(
uA
(
x(θ̂;ω), t(θ̂;ω); θ, ω

))
= EFθ

(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ, ω

)
− v
(
x(θ̂;ω); θ̂, ω

))
− EFθ

(
hθ̂(ω;O

CM
θ̂

)
)
K(θ̂;OCM

θ̂
)

And a truthful announcement, θ = θ̂, results in expected FSE:

EFθ
(
uA
(
x(θ;ω), t(θ;ω); θ, ω

))
= EFθ

(
¯
u(θ;ω)

)
Incentive compatibility then requires that any misreporting, θ̂ ̸= θ, results in weakly

lower expected utility for the agent. We know have to distinguish two cases: first,

either the agent announces such that the belief of his announced type satisfy convex

independence vis-à-vis his own belief, then θ ∈ OCM
θ̂

. Then EFθ
(
hθ̂(ω;OCM

θ̂
)
)
> 0 and

incentive compatibility is ensured by Proposition 10 and by Crémer and McLean (1985;

1988). Second, the agent could announce such that the belief of his announced type

does not satisfy convex independence with respect to his true belief. Then θ /∈ OCM
θ̂

and EFθ
(
hθ̂(ω;OCM

θ̂
)
)
= 0. Incentive compatibility then requires that:

EFθ
(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ, ω

)
− v
(
x(θ̂;ω); θ̂, ω

))
≤ EFθ

(
¯
u(θ;ω)

)
→EFθ

(
v
(
x(θ̂;ω); θ̂, ω

)
−
¯
u(θ̂, ω)−

[
v
(
x(θ̂;ω); θ, ω

)
−
¯
u(θ;ω)

])
≥ 0

Which is the expected interim rent maximisation assumption A5.

Since no type θ ̸= θ̂ must find announcing θ̂ optimal, it follows that it is necessary to

partition the type space Θ \ θ̂, such that each other type is either covered by convex

independence or by expected interim rent maximisation. Then, Θ \ θ̂ = OCM
θ̂

∪ OIRM
θ̂

such that for all θ ̸= θ̂, either θ ∈ OCM
θ̂

or θ ∈ OIRM
θ̂

. This must hold for all θ̂ ∈ Θ.
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The result follows.

Virtual FSE: Let Θ be infinite. By definition of virtual FSE, we require that:

∀ε > 0 & ∀θ ∈ Θ:

EFθ
(
¯
u(θ, ω)

)
≤ EFθ

(
uA
(
x(θ;ω), t(θ;ω); θ, ω

))
= EFθ

(
v
(
x(θ;ω); θ, ω

)
+ t
(
θ;ω)

)
≤

≤ EFθ
(
¯
u(θ, ω)

)
+ ε

⇐⇒ EFθ
(
t
(
θ;ω)

)
= EFθ

(
¯
u(θ, ω)− v

(
x(θ;ω); θ, ω

))
⇐⇒ t

(
θ;ω) =

¯
u(θ, ω)− v

(
x(θ;ω); θ, ω

)
− Γ(θ;ω) with EFθ

(
Γ(θ;ω)

)
= 0

The implementable form of which is:

t
(
θ̂;ω) =

¯
u(θ̂, ω)− v

(
x(θ̂;ω); θ̂, ω

)
− Γ(θ̂;ω)

Where Γ(θ̂;ω) is as derived in the proof of Proposition 10. There it has already been

shown that if FSE is based on probabilistic independence to the entire type space,

virtual FSE is feasible. Now, we allow probabilistic independence to only apply to a

subset of types, OMR
θ ⊆ (Θ \ θ). In the proof of Proposition 10, the minimal utility of

an agent of type θ announcing θ̂ is given by:

∀θ ∈ Θ & ∀θ̂ ∈ Θ:

EFθ
(
uA
(
x(θ̂;ω), t(θ̂;ω); θ, ω

))
< EFθ

(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ, ω

)
− v
(
x(θ̂;ω); θ̂, ω

))
− EFθ

(
hθ̂(ω;O

MR
θ̂

)
)

max
θ′,||θ̂−θ′||>δ

EFθ′
(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ′, ω

)
− v
(
x(θ̂;ω); θ̂, ω

)
−
¯
u(θ′, ω)

)
EFθ′

(
hθ̂(ω;OMR

θ̂
)
)

By construction, truth-telling, θ̂ = θ, ensures that the agent earns just his expected

reservation utility: EFθ
(
uA
(
x(θ;ω), t(θ;ω); θ, ω

))
= EFθ

(
¯
u(θ, ω)

)
. By definition of vir-
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tual FSE, any misreporting, θ̂ ̸= θ, cannot result in utility above EFθ
(
¯
u(θ, ω)

)
+ ε.

Proposition 10 has already shown that his is fulfilled if θ ∈ OMR
θ̂

. Incentive compat-

ibility remains to be ensured for all θ ∈ Θ \ (θ ∪ OMR
θ̂

) ≡ OIRM
θ̂

. If θ ∈ OIRM
θ̂

, then

EFθ
(
hθ̂(ω;OMR

θ̂
)
)
= 0. Incentive compatibility then requires that:

∀θ̂ ∈ Θ & ∀θ ∈ OMR
θ̂

EFθ
(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ, ω

)
− v
(
x(θ̂;ω); θ̂, ω

))
≤ EFθ

(
¯
u(θ, ω)

)
+ ε

⇐⇒ EFθ
(
v
(
x(θ̂;ω); θ̂, ω

)
−
¯
u(θ̂, ω)

)
− ε ≥ EFθ

(
v
(
x(θ̂;ω); θ, ω

)
−
¯
u(θ, ω)

)
∀θ ∈ OIRM

θ̂

This is ensured if and only if the Approximate Interim Rent Maximisation Assumption

A5 holds. As in the proof of Proposition 10, it then follows that for each ε > 0, there

exists a δ > 0 such that
∣∣∣∣∣∣θ − θ̂

∣∣∣∣∣∣ < δ implies EFθ
(
v
(
x(θ;ω); θ̂, ω)−

¯
u(θ̂, ω) +

¯
u(θ, ω)−

v
(
x(θ;ω); θ, ω)

)
< ε. Thus, each type θ’s optimal announcement is at most δ away

from the truth:
∣∣∣∣∣∣θ − θ̂∗

∣∣∣∣∣∣ < δ.

Strict FSE: Here, let Θ be finite. By definition of strict FSE:

∀θ ∈ Θ & ∀ω ∈ Ωθ :

uA
(
x(θ;ω), t(θ;ω); θ, ω

)
= v
(
x(θ;ω); θ, ω

)
+ t
(
θ;ω) =

¯
u(θ, ω)

⇐⇒ t
(
θ;ω) =

¯
u(θ, ω)− v

(
x(θ;ω); θ, ω

)
⇐⇒ t

(
θ;ω) =

¯
u(θ, ω)− v

(
x(θ;ω); θ, ω

)
− Γ(θ;ω) with Γ(θ;ω) = 0∀ω ∈ Ωθ

The implementable form of this transfer is then:

∀θ ∈ Θ & ∀ω ∈ Ω: t
(
θ̂;ω) =

¯
u(θ̂, ω)− v

(
x(θ̂;ω); θ̂, ω

)
− Γ(θ̂;ω)

As before, the term Γ(θ̂;ω) has already been derived in the proof of Proposition 10,
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where we have assumed that the Non-Overlapping Support Assumption A4 holds for

the entire type space. The maximial utility of an agent of type θ announcing θ̂ is then

equal to:

EFθ
(
uA
(
x(θ̂;ω), t(θ̂;ω); θ, ω

))
<EFθ

(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ, ω

)
− v
(
x(θ̂;ω); θ̂, ω

))
− PFθ(Tθ̂)T (θ̂,O

LM
θ̂

)

By construction, PFθ(Tθ) = 0, since Tθ ⊆ Ω-θ = {ω ∈ Ω: fθ(ω) = 0}. Truth-telling

results in strict FSE: uA
(
x(θ̂;ω), t(θ̂;ω); θ, ω

)
=

¯
u(θ, ω) for all ω ∈ Ωθ. Proposition 10

has already established that this is incentive compatible if, for all θ, OLM
θ = Θ\θ. Now,

we allow for OLM
θ ⊆ Θ \ θ for all θ ∈ Θ. Then, incentive compatibility still needs to be

ensured if some type θ makes an announcement θ̂ such that θ /∈ OLM
θ̂

. For each θ̂ ∈ Θ,

let Θ \ (θ̂ ∪OLM
θ̂

) = OIRM
θ̂

. If for type θ ∈ Θ, θ̂ such that θ ∈ OIRM
θ̂

, then PFθ(Tθ̂) = 0.

The agent’s expected utility is then:

EFθ
(
uA
(
x(θ̂;ω), t(θ̂;ω); θ, ω

))
= EFθ

(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ, ω

)
− v
(
x(θ̂;ω); θ̂, ω

))

Incentive compatibility then requires that:

∀θ̂ ∈ Θ & ∀θ ∈ OIRM
θ̂

EFθ
(
¯
u(θ̂, ω) + v

(
x(θ̂;ω); θ, ω

)
− v
(
x(θ̂;ω); θ̂, ω

))
≤ EFθ

(
¯
u(θ, ω)

)
⇐⇒ EFθ

(
v
(
x(θ̂;ω); θ, ω

)
−
¯
u(θ, ω)

)
≤ EFθ

(
v
(
x(θ̂;ω); θ̂, ω

)
−
¯
u(θ̂, ω)

)

Which is again the Expected Interim Rent Maximisation Assumption A5. ■
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Appendix C

Chapter 3

C.1 Notation & Abbreviation

The Agents

m Manager r Retail Investors

i Blockholder P Passive Blockholder

A Active Blockholder

Parameters

δ Discount factor

γ Cost to manager of high effort

ψ Cost to manager of being monitored after low effort

κ Cost of monitoring to blockholder

sit Equity share of investor i ∈ {P,A, r}

pt Share price for 100% of firm’s shares
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Endogenous Choices

et ∈ {eL, eH} = {1, 2} Manager’s effort εt = Pr(et = eH) Prob. of high effort

mi
t ∈ {0, 1} i’s monitoring µit = Pr(mi

t = 1) Prob. of monitoring

at ∈ {ar, aA, aP} Manager’s action

The Contract

wt Fixed wage Wt Total wage bill

smt Incentive pay dt Bonus payment

Abbreviations

RHS Right-hand side LHS Left-hand side

AUM Assets under management SPNE Subgame perfect Nash equilibrium

CDF Cumulative distribution function PDF Probability density function

iid Independently and identically distributed

C.2 The Stage Game

Definition D18 (Cutoffs: Static Game). Define the following two cutoff values:

Cost of Effort Define the cutoff cost of effort: γ̄ = 2V (ar)− [V (ai) + b] > 0.1

Block Let s̄ denote the cutoff in the block size.

s̄ =


max

{
( γ
γ+ψ

) κ
2[V (ai)+b−V (ar)]

, κ
V (ai)+b

}
if γ < γ̄

max
{
( γ
γ+ψ

) κ
V (ai)+b−γ ,

κ
V (ai)+b

}
else

Remark 17 (Incentive Pay). It is without loss of generality to consider two levels of

incentive pay: sm1 = 0 and sm2 ≥ γ
V (ar)

.

Proof of Remark 17: Note first that I do not place any restrictions on the fixed wage:

1The sign follows directly from parameter restriction R3.
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w ∈ R. Thus, any total compensation bill, W = w + smV (a∗), can be implemented

regardless of the strength of the incentive pay, sm, by adjusting the fixed wage. Incentive

pay, by itself, has two effects: first, whenever sm > 0, it follows immediately that the

manager chooses the action to maximise the publicly appropriable revenues by setting

a∗ = ar, since this is the action that maximises his payoffs. Only if sm = 0 is the

manager indifferent over actions and willing to choose a∗ = ai. The second effect of

the incentive pay is its effect on the effort: the manager only chooses high effort if the

subsequent increase in his payoffs exceeds his personal cost of high effort. With low

effort, the manager’s payoffs are smV (ar) + w while with high effort his payoffs are

sm2V (ar) + w − γ. High effort thus maximises the manager’s payoffs if smV (ar) ≥ γ.

The result follows. ■

Proof of Proposition 11: Since we are looking for a simple SPNE, I solve by backward

induction.

τ = 3 - Action, Effort, & Monitoring: Note that in the stage game, the action

the manager chooses is independent of the monitoring. At the same time, for any effort

level, the share price and therefore the manager’s payoffs are maximised by maximising

the firm’s profits. This occurs when the manager chooses the action ar. Thus, if sm > 0,

the manager always chooses ar. If sm = 0, the manager is indifferent over the action.

Then, the manager is assumed to choose the blockholder’s preferred action.

τ = 2 - Optimal Contract: Turning to the optimal contract, it follows from remark

17 that the blockholder can incentivise the manager to always exert high effort without

monitoring by choosing a contract with sm ≥ γ
V r(ar)

and a fixed wage which ensures the

manager’s participation constraint is fulfilled: w =
¯
w + γ − sm2V (ar). Note that this

implies that w <
¯
w. This yields payoffs to the blockholder of:

si
[
2V (ar)− (

¯
w + γ)

]
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If the blockholder wants the manager to choose ai, the contract cannot involve any

incentive pay, sm = 0.

Firstly, let us derive the optimal contract if the blockholder does not monitor. Then,

the manager chooses low effort with probability one and the optimal contract entails a

fixed wage equal to the manager’s reservation utility: W = w =
¯
w. The total payoffs

to the blockholder from this strategy are:

si
[
V (ai) + b−

¯
w
]

Without incentive pay, the blockholder may also choose to monitor the manager. For

the blockholder to be willing to monitor with positive probability, her payoffs from

monitoring and not monitoring have to be equalised.

si
[
(1 + ε∗)

[
V (ai) + b

]
− w

]
= si

[
2V (ai) + 2b− w

]
− κ

→ ε∗ = 1− κ

si
[
V (ai) + b

]
Then, εm ∈ (0, 1) if si > κ

[V (ai)+b]
.

For the manager to be willing to exert effort with positive probability, his payoffs from

low and high effort have to be equalised:

w − µ∗(γ + ψ) = w − γ → µ∗ =
γ

γ + ψ

The total probability with which high effort materialises is then:

εm + (1− εm)µ∗ = 1− κ

si
[
V (ai) + b

][ ψ

γ + ψ

]

The optimal contract then needs to take the manager’s participation constraint into

183



C.2. THE STAGE GAME APPENDIX C. CHAPTER 3

account, in addition to not featuring any incentive pay.

w =
¯
w + εmγ + µi(1− εm)(γ + ψ)

=
¯
w + γ − κγ

sf
[
V (ai) + b

][1− γ + ψ

γ + ψ

]
=

¯
w + γ

The payoffs to the blockholder are then:

si

[
2− κ

si
[
V (ai) + b

]( ψ

γ + ψ

)][
V (ai) + b

]
− si[

¯
w + γ]− γ

γ + ψ
κ

= si2
[
V (ai) + b

]
− si[

¯
w + γ]− κ

We thus have three contracts to compare: {sm1, w1} = { γ
V r(ar)

,
¯
w},2 {sm2, w2} = {0,

¯
w},

{sm3, w3} = {0,
¯
w + γ}.

The blockholder then prefers { γ
V (ar)

,
¯
w} to the contract {0,

¯
w} if:

γ ≤ 2V (ar)−
[
V (ai) + b

]
≡ γ̄

So, if γ < γ̄, the blockholder prefers the contract {0,
¯
w+ γ} to the contract { γ

2V (ar)
,
¯
w}

if:

si2
[
V (ai) + b

]
− si[

¯
w + γ]−

(
γ

γ + ψ

)
κ ≥ si2V (ar)− si[

¯
w + γ]

→ si ≥
(

γ

γ + ψ

)
κ

2
[
V (ai) + b− V (ar)

]
If γ ≥ γ̄, the blockholder compares the outcome with monitoring to the contract

2This contract is equivalent in terms of any contract with sm > γ
V (ar)

and a wage w =
¯
w+γ−smV (ar).
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{w, sm} = {0,
¯
w}. Then, the blockholder prefers to monitor if:

si
[
2
[
V (ai) + b

]
− (

¯
w + γ)

]
− γ

γ + ψ
κ ≥ si

[[
V (ai) + b

]
−

¯
w
]

→ si ≥
(

γ

γ + ψ

)
κ

V (ai) + b− γ

τ = 1 - Exit: Since the share price equals the expected profits in future periods when

no blockholder is present and the default contract materialises: sm = 0 and w =
¯
w.

The default contract implies low effort and I assume that without any blockholders,

the manager chooses the action maximising publicly appropriable revenues. The share

price is then equal to p = V (ar)−
¯
w. The active blockholder thus exists if:

RA
t >

ε∗
[
V (a∗) + b1{a∗ = ai}

]
−W ∗ − µ∗κ

si

V r(ar)−
¯
w

■

Corollary 4 (Exit: Static Game). In the one-shot game, the active investor exists if

the alternative investment opportunity is sufficiently profitable, i.e. if:

RA
t ≥

ε∗
[
V (a∗) + b1{a∗ = ai}

]
−W ∗ − µ∗κ

si

V r(ar)−
¯
w

C.3 The Repeated Game

This part of the appendix contains the proofs leading to Proposition 12.

C.3.1 Exit

Lemma 19 (Exit: Repeated Interactions). In equilibrium, the active blockholder exits

the firm if the outside investment project is sufficiently profitable. In particular, she
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exits if:

RA
t > (1− δ)

[
V A(a∗, ε∗)−W ∗ − µA∗κ

sA

]
V (ar)−

¯
w

Or, equivalently, if δ < δ̃(ε∗, a∗, RA
t ), where:

δ̃(ε∗, a∗, RA
t ,W

∗) ≡ 1−
(

V (ar)−
¯
w

V A(a∗, ε∗)−W ∗ − µA∗κ
sA

)
RA
t

Proof of Lemma 19: The active blockholder exits the firm if the per-period payoffs

from the alternative investment project exceed the per-period payoffs from staying

with the firm. If the active investor exists she receives esAp for her shares, where

p = 1
1−δ [V (ar)−

¯
w], as implied by the default contract. She then invests the proceedings

of the sale into the alternative investment project with a return of RA
t per e invested.

It follows that the per period payoffs from exit are sA 1
1−δ [V (ar)−

¯
w]RA

t .

The per-period payoffs of staying with the firm are given by sA[V A(a∗, ε∗)−W ∗]−µA∗κ.

Equating the two per-period payoffs and solving for RA
t or δ, respectively, gives the

desired result. ■

Lemma 20 (The Probability of Staying). The probability with which the active block-

holder stays with the firm is given by:

σ(ε, a,W ) = Pr

(
RA
t ≤ (1− δ)

[
V A(a∗, ε∗)−W ∗ − µA∗κ

sA

]
V (ar)−

¯
w

)

1. σ(ε, a,W ) is decreasing in δ.

2. σ(ε, a,W ) approaches zero as δ approaches one: limδ→1 σ(e, a) = 0.

3. If µA∗ = 0, σ(ε, a,W ) is increasing in ε as long as the marginal benefits thereof,

V (a) + b1{a = aA}, exceed the increase in the manager’s compensation bill, ∂W ∗

∂ε
.
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Proof of Lemma 20: By definition, it holds that:

σ(ε, a,W ) = Pr

(
RA
t ≤ (1− δ)

V A(a∗, ε∗)−W ∗ − µA∗κ
sA

V (ar)−
¯
w

)
= FRA

(
(1− δ)

V A(a∗, ε∗)−W ∗ − µA∗κ
sA

V (ar)−
¯
w

)

1. Follows directly by the properties of CDFs implying that FRA(x) is non-decreasing

in x.

2. Since RA
t > 0, the limit is given by:

lim
δ→1

FRA

(
(1− δ)

[
V A(a∗, ε∗)−W ∗ − µA∗κ

sA

]
V (ar)−

¯
w

)
= FRA(0) = 0

3. To see how σ(ε, a,W ) reacts to changes in ε, it suffices to take the derivative,

noting that V A(a, ε) = (1 + ε)[V (a) + b1{a = aA}]. Under the assumption that

µA∗ = 0, this derivative is given by:

∂σ(ε, a,W )

∂ε
= (1− δ)

V (a) + b1{a = aA} − ∂W ∗

∂ε

V (ar)−
¯
w

fRA

(
(1− δ)

V A(a∗, ε∗)−W ∗

V (ar)−
¯
w

)

Since fRA(·) is a valid PDF, it is non-negative. Since all other terms are strictly

positive, the sign of the derivative depends solely on the sign of V (a) + b1{a =

aA} − ∂W ∗

∂ε
. Note that V (a) + b1{a = aA} is the marginal benefit of increasing ε

slightly, while ∂W ∗

∂ε
represents the marginal cost.

■
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C.3.2 Monitoring

Lemma 21. For any triplet {w′, sm
′
, µi} with µi > 0 and a total wage bill W ′ imple-

menting ε, there exists another triplet, {w′′, sm
′′
, 0} implementing ε + (1 − ε)µi at a

wage bill W ′′ < W ′.

Proof of Lemma 21: Since we are solving for the (primary) blockholder preferred

equilibrium, the manager’s incentive compatibility constraint is binding in equilibrium.

Consider a contract {w′, sm
′} that implements ε′ and µi with the manager’s incentive

compatibility constraint binding. It follows that:

∞∑
q=t

[
δ̂(ε′, ai,W ′)

]q−t[
sm

′[
1 + ε′ + (1− ε′)µi

]
V (ai) + w′ − ε′γ − (1− ε′)µi(γ + ψ)

]
=

= sm
′[
1 + εD + (1− εD)µi

]
V (ar) + w′ − εDγ − (1− εD)µi(γ + ψ) +

∞∑
m=t+1

δm−t
¯
w

→
sm

′[
1 + ε′ + (1− ε′)µi

]
V (ai) + δ̂(ε′, ai,W ′)w′ − ε′γ − (1− ε′)µi(γ + ψ)

1− δ̂(ε′, ai,W ′)
=

= sm
′
(1 + εD)V (ar)− εDγ + (1− εD)µi

[
V (ar)− (γ + ψ)

]
+

δ

1− δ ¯
w

(C.1)

Under {w′, sm
′
, µi}, the total probability of high effort is then ε′ + (1− ε′)µi ≡ ε′′.

We can now take a second triplet {w′′, sm
′′
, 0} that implies that the manager’s incentive

compatibility constraint is just binding under ε′′:

sm
′′
(1 + ε′′)V (ai) + δ̂(ε′′, ai,W ′′)w′′ − ε′′γ

1− δ̂(ε′′, ai,W ′′)
= sm

′′
(1 + εD)V (ar)− εDγ +

δ

1− δ ¯
w

(C.2)

In both expressions (C.1) and (C.2), the RHS represents the discounted payoffs of

deviating for the manager.

To prove the lemma, I show that if {w′, sm
′} = {w′′, sm

′′} ≡ {w, sm} and thusW ′ = W ′′,
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then the manager’s incentive compatibility constraint without monitoring (C.2) is slack.

For now, let us assume that δ̂(ε′, ai,W ′) = δ̂(ε′′, ai,W ′′) ≡ δ̂. This holds trivially for

the passive investor, i = P . We will return to this for the active investor, i = A.

First note, if sm
′
= sm

′′
, then εD

′
= εD

′′ ≡ εD. Second, since by construction, ε′′ =

ε′+(1− ε′)µi, it follows that sm(1+ ε′′)V (ai)+ δ̂w = sm
′[
1+ ε′+(1− ε′)µi

]
V (ai)+ δ̂w.

Equally, ε′γ + (1− ε′)µi(γ + ψ) = [ε′ + (1− ε′)µi]γ + (1− ε′)µiψ > ε′′γ. It follows that

the LHS of expression (C.2) is larger than the LHS of expression (C.1).

Turning to the RHS, parameter restriction R2 ensures that V (ar) − (γ + ψ) > 0. It

follows that the manager’s deviation payoffs are weakly higher with monitoring, i.e. in

expression (C.1), compared to the situation without monitoring, i.e. expression (C.2).3

So, if W ′ = W ′′ and expression (C.1) is binding then:

sm(1 + ε′′)V (ai) + δ̂w − ε′′γ

1− δ̂
> sm(1 + εD)V (ar)− εDγ +

δ

1− δ ¯
w

Thus, the blockholder could decrease either w′′ = w or sm
′′
= sm until the constraints

becomes binding while inducing the same final probability of high effort.

Maintaining the assumption that δ̂(ε′, ai,W ′) = δ̂(ε′′, ai,W ′′) ≡ δ̂, this is clearly optimal

for the blockholder for two reasons: first, she saves on the manager’s wage bill which

increases the firm profits. Second, she saves on the private monitoring costs of µiκ.

Since this increases the blockholders total payoffs, it makes exit less likely without

monitoring. This in turn increases the effective discount factor of the active investor:

δ̂(ε′, ai,W ′) < δ̂(ε′′, ai,W ′′) which increases the LHS of expression (C.2) compared to a

situation where δ̂(ε′, ai,W ′) = δ̂(ε′′, ai,W ′′). ■

Proof of Lemma 4: Lemma 4 and the optimality of no monitoring follows directly

from lemma 21. ■
3It is strictly higher if εD = 1 or equal if εD = 0.
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C.3.3 The Optimal Contract & the Blockholder-Preferred Ef-

fort

The Manager’s Incentive Compatibility Constraint: For any equilibrium with

{ε, a∗} = {ε, ai} to be sustainable in equilibrium, the manager’s incentive compatibility

constraint has to be fulfilled. Particularly, it has to be binding in the blockholder-

preferred equilibrium:

sm∗(1 + ε)V (ai) + δ̂(ε, ai,W ∗)w∗ − εγ

1− δ̂(ε, ai,W ∗)
= sm∗(1 + εD)V (ar)− εDγ +

δ

1− δ ¯
w (C.3)

Note that sm∗(1 + ε)V r(ai) + δ̂(ε, ai,W ∗)w∗ = W ∗ −
[
1 − δ̂(ε, ai,W ∗)

]
w∗ so that the

manager’s incentive compatibility constraint can be rewritten as:

W − εγ =
[
1− δ̂(ε, ai,W )

][
sm(1 + εD)V (ar) + w − εDγ +

δ

1− δ ¯
w

]
(C.3.a)

Remark 18 (Optimal Deviations and Incentive Pay). Let {εD, aD} denote the devi-

ations from {ε∗, ai} yielding the highest payoffs to the manager. Then:

aD ∈


{ar} if sm > 0

{ar, ai, a−i} else

& εD =


1 if sm ≥ γ

V (ar)

0 else

Proof of remark 18: When contemplating a deviation, the manager anticipate that

after the deviation, he reverts back to the static equilibrium (i.e. the blockholder plays

a grim-trigger strategy). Since the payoffs to the manager in the static equilibrium are

¯
w regardless, the manager chooses the deviation to maximise his deviation payoffs. The

result then follows from remark 17. ■

Lemma 22. It is without loss of generality to only consider two levels of incentive pay,
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sm1 = 0 and sm2 = γ
V (ar)

.

Proof of Lemma 22: Since the blockholder’s payoffs are decreasing in the manager’s

wage bill, we are looking for the contract satisfying equation (C.3.a) implying the lowest

wage bill W = sm(1 + ε)V (ai) + w. Where W = sm(1 + ε)V (ai) + w. A given total

wage bill W can be implemented through different combinations of {sm, w}.

0 =
∂W

∂sm
= (1 + ε)V (ai) +

∂w

∂sm
→ ∂w

∂sm
= −(1 + ε)V (ai)

We can now determine which combination of {sm, w} minimises the deviation payoffs,

i.e. the RHS of equation (C.3.a).

∂

∂sm

[[
1− δ̂(ε, ai,W )

][
sm(1 + εD)V (ar) + w − εDγ +

δ

1− δ ¯
w

]]
=

=
[
1− δ̂(ε, ai,W )

][
(1 + εD)V (ar) +

∂w

∂sm

]
=
[
1− δ̂(ε, ai,W )

][
(1 + εD)V (ar)− (1 + ε)V (ai)

]
(C.4)

There are two cases to consider:

1. If sm ≥ γ
V (ar)

and εD = 1, then expression (C.4) is positive.

2. If sm < γ
V (ar)

and εD = 0, then expression (C.4) is positive if ε < V (ar)−V (ai)
V (ai)

.

It follows directly that in equilibrium sm∗ ≤ γ
V (ar)

. Take any sm > γ
V (ar)

with a wage

w implying a wage bill of W and a binding incentive compatibility constraint (C.3.a).

Then, there exists another contract with lower incentive pay sm
′
< sm that also implies

the total wage bill W but, in turn, makes the incentive compatibility constraint (C.3.a)

slack, allowing the blockholder to decrease the total wage bill.

To see that no sm ∈ (0, γ
V (ar)

) can be optimal, note that this follows directly from point

2. if ε < V (ar)−V (ai)
V (ai)

.
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If ε ≥ V (ar)−V (ai)
V (ai)

, the blockholder prefers the contract with incentive pay sm = γ
V (ar)

−ν

for some arbitrarily small ν, to any contract without incentive pay. I will finally show

that the blockholder would prefer the contract sm2 = γ
V (ar)

over the contract sm
′
=

γ
V (ar)

− ν if both imply the same total wage bill, W . The two contracts with sm and

sm2 Turning to the deviation payoffs, i.e. the RHS of equation (C.3.a), the expression

become:

if sm = sm
′
:

[
1− δ̂(ε, ai,W )

][[ γ

V (ar)
− ν

]
V (ar) + w +

δ

1− δ ¯
w

]
=

=
[
1− δ̂(ε, ai,W )

][
γ − νV (ar) + w +

δ

1− δ ¯
w

]

if sm = sm2 :
[
1− δ̂(ε, ai,W )

][[ γ

V (ar)

]
2V (ar) + w − γ +

δ

1− δ ¯
w

]
=

=
[
1− δ̂(ε, ai,W )

][
γ + w +

δ

1− δ ¯
w

]

In the limit as ν → 0, these two expressions converge and are equal in the limit.

Therefore, the blockholder may limit herself to the contract with sm2 instead of the

contract with sm
′
. ■

Lemma 23 (The Optimal Contract). Let ε̂ ≡ V (ar)−V (ai)
V (ai)

∈ (0, 1).4

Low Effort If the blockholder implements a low probability of high effort, ε < ε̂, then

the optimal contract features no incentive pay.

sm∗ = 0 & w∗ =

(
1− δ̂(ε, ai,W ∗)

δ̂(ε, ai,W ∗)

)(
δ

1− δ

)
¯
w +

εγ

δ̂(ε, ai,W ∗)
(C1)

High Effort If the blockholder induces a probability of high effort ε ≥ ε̂, then the

4ε̄ < 1 follows directly from parameter restriction R3. ε̄ > 0 since V (ar) > V (ai).
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optimal contract features high powered incentives.

sm∗ =
γ

V (ar)

w∗ =

(
1− δ̂(ε, ai,W ∗)

δ̂(ε, ai,W ∗)

)(
δ

1− δ

)
¯
w +

εγ

δ̂(ε, ai,W ∗)
− γ(1 + ε)V (ai)

δ̂(ε, ai,W ∗)V (ar)

(C2)

Proof of Lemma 23: From lemma 22, we know that we can limit our attention to

contracts featuring either sm1 = 0 so that εD = 0 or sm2 = γ
V (ar)

with εD = 1.

If sm = sm1 = 0, a binding equation (C.3) becomes:

δ̂(ε, ai,W 1)w1 − εγ

1− δ̂(ε, ai,W 1)
=

δ

1− δ ¯
w

→ w1 =
1− δ̂(ε, ai,W 1)

δ̂(ε, ai,W 1)

δ

1− δ ¯
w +

εγ

δ̂(ε, ai,W 1)
= W 1 (C.5)

If sm = sm2 = γ
V (ar)

, a binding equation (C.3) becomes:

γ(1+ε)V (ai)
V (ar)

+ δ̂i(ε, ai,W 2)w2 − εγ

1− δ̂i(ε, ai,W 2)
= γ +

δ

1− δ ¯
w

→ w2 =
1− δ̂i(ε, ai,W 2)

δ̂i(ε, ai,W 2)

δ

1− δ ¯
w +

1− δ̂i(ε, ai,W 2)

δ̂i(ε, ai,W 2)
γ

+
1

δ̂i(ε, ai,W 2)
εγ − 1

δ̂i(ε, ai,W 2)

γ(1 + ε)V (ai)

V (ar)

=
1− δ̂i(ε, ai,W 2)

δ̂i(ε, ai,W 2)

δ

1− δ ¯
w +

γ

δ̂i(ε, ai,W 2)

[
1− δ̂i(ε, ai,W 2) + ε− (1 + ε)V (ai)

V (ar)

]

Leading to a total wage bill of:

W 2 = w2 + sm2(1 + ε)V (ai) = w2 +
γ(1 + ε)V (ai)

V (ar)

=
1− δ̂i(ε, ai,W 2)

δ̂i(ε, ai,W 2)

δ

1− δ ¯
w +

εγ

δ̂i(ε, ai,W 2)
− γ

1− δ̂i(ε, ai,W 2)

δ̂i(ε, ai,W 2)

[
(1 + ε)V (ai)− V (ar)

V (ar)

]

193



C.3. THE REPEATED GAME APPENDIX C. CHAPTER 3

Under the assumption that δ̂i(ε, ai,W 1) = δ̂i(ε, ai,W 2), it is easy to see that W 2 ≤ W 1

if (1 + ε)V (ai) ≥ V (ar). Parameter restriction R3 ensures that this holds if ε = 1.

This then implies that δ̂i(ε, ai,W 1) ≤ δ̂i(ε, ai,W 2) so that 1−δ̂i(ε,ai,W 2)

δ̂i(ε,ai,W 2)
≤ 1−δ̂i(ε,ai,W 1)

δ̂i(ε,ai,W 1)

and 1

δ̂i(ε,ai,W 2)
εγ ≤ 1

δ̂i(ε,ai,W 1)
εγ. ■

Corollary 5 (Compensation Premium). If the blockholder wants to implement {ε, ai},

the manager is paid a compensation premium and receives utility strictly above his

reservation utility, um∗ >
¯
w.

1. The compensation premium is higher if the investor is an active investor.

2. If i = A, the compensation bill, and therefore the compensation premium, ne-

cessary to sustain {ε∗, ai} approaches infinity as the parametric discount factor

approaches one:

if i = A : lim
δ→1

W ∗(ε, aA) = ∞

3. Holding the effective discount factor fixed, the wage bill going to the manager is

strictly increasing in the equilibrium probability of high effort.

∂W ∗(ε, aP )

∂ε
=
γ

δ

[
1− (1− δ)

V (ai)

V (ar)

]
> 0

Proof of Corollary 5 and Lemma 5: With {ε, ai}, the manager bears the private

cost of effort, γ, and has a reservation utility of
¯
w. The compensation premium,

CP (ε, σ) ≡ W ∗ −
¯
w − εγ, depends on the optimal contract.

If ε < ε̄, the optimal contract features no incentive pay and the compensation premium

is:

CP (ε, σ) =

[
1− δ̂(ε, ai,W 1)

δ̂(ε, ai,W 1)

δ

1− δ
− 1

]
¯
w +

1− δ̂(ε, ai,W 1)

δ̂(ε, ai,W 1)
εγ
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If ε ≥ ε̄, the optimal contract features strong incentive pay and the compensation

premium is given by:

CP (ε, σ) =
1− δ̂i(ε, ai,W ∗)

δ̂i(ε, ai,W ∗)

δ

1− δ ¯
w +

1− δ̂i(ε, ai,W ∗)

δ̂i(ε, ai,W ∗)

[
ε
(
1− V (ai)

V (ar)

)
− V (ai)

V (ar)

]
γ

1. Remember that for the passive blockholder δ̂P (ε, aP ,W ∗) = δ, while for the active

investor δ̂A(ε, aA,W ∗) < δ. Since 1−δ̂i(ε,ai,W ∗)

δ̂i(ε,ai,W ∗)
is decreasing in δ̂i(ε, ai,W ∗), it

follows that 1−δ̂A(ε,aA,W ∗)

δ̂A(ε,aA,W ∗)
> 1−δ̂P (ε,aP ,W ∗)

δ̂P (ε,aP ,W ∗)
.

2. From Lemma 20, we know that limδ→1 σ(ε, a
A,W ∗) = 0. It follows that:

lim
δ→1

δ̂A(ε, aA,W ∗) = 0 & lim
δ→1

W ∗(ε, aA) = ∞

3. To see how W ∗ reacts to changes in ε, it suffices to take the derivative.

If ε < ε̄:

∂W ∗

∂ε
=

γ

δ̂(ε, ai,W 1)
> 0

If ε ≥ ε̄:

∂W ∗

∂ε
=

∂δ̂i(ε,ai,W ∗)
∂ε

[δ̂i(ε, ai,W ∗)]2

[
γ
V r(ai)− ε

[
2V (ar)− V (ai)

]
V (ar)

− δ

1− δ ¯
w

]

+
γ

δ̂i(ε, ai,W ∗)

[
1−

[
1− δ̂i(ε, ai,W ∗)

]
V (ai)

V (ar)

]

If ∂δ̂i(ε,ai,W ∗)
∂ε

= 0, it follows that ∂W ∗

∂ε∗
> 0 since V (ai) < V (ar).

■
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C.3.4 The Active Investor’s Probability of Staying with the

Firm

Finally, we need to determine σ(ε, aA,W ∗). First, we know by definition that:

σ(ε, aA,W ∗) = FRA

(
(1− δ)

V A(aA, ε)−W ∗(ε, aA)

V r(ar)−
¯
w

)

The expression for the optimal wage bill W ∗ is given in lemma 23. Substituting W ∗

into the expression for σ(ε, aA,W ∗) yields equation (3.1).

Proof of Lemma 6: The payoffs to the blockholder are given by si
[
(1+ε)V i(ai)−W ∗].

The first order condition to find the blockholder’s preferred effort level is then:

V (ai) + b =
∂W ∗

∂e∗

If the blockholder is a passive investor, i = P , the change in the wage bill, ∂W ∗

∂ε
= γ

δ

if ε < ε̄ or ∂W ∗

∂ε
= γ

δ

[
1 − (1 − δ) V (ai)

V (ar)

]
else, is constant. Therefore, the blockholder

either induces ε∗ = 0, which cannot improve on the static equilibrium, or ε∗ = 1. In

particular, she will choose ε∗ = 1, if:

V (aP ) + b ≥ γ

δ

[
1− (1− δ)V (aP )

V (ar)

]
→ δ ≥

γ
[
1− V (aP )

V (ar)

][
V (aP ) + b− γ V (aP )

V (ar)

]
For the active investor, by definition, her preferred effort level maximises her payoffs,

thereby maximising her probability of staying with the firm. By definition, this is the

probability of high effort that induces σ̄(δ) if finite. ■
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C.3.5 Proof of Proposition 12:

Finally, with the above results, we can prove the proposition. We will do this separately

for the passive and for the active investor.

The passive investor: Let us start with the case when the passive investor has

invested in the firm. In this case, the relevant discount factor is always δ. It thus

suffices to check when {ε∗, a∗} = {1, aP} yields a higher stage payoff than the static

equilibrium.

The total stage payoffs from {1, aP} to the passive blockholder are:

sP

[
2
[
V (aP ) + b

]
−

¯
w − γ

δ

[
1− V (ai)

V (ar)

]
− γ

V (ai)

V (ar)

]
(C.6)

Case 1: Small passive blockholder: Starting with the case when the passive investor’s

equity position is relatively small, sP < s̄, we need to differentiate between the case

of low and high cost of effort. In either case, the blockholder does not monitor in the

static equilibrium, µPs = 0.

Low cost of effort: If γ ≤ γ̄, the static equilibrium is {εs, as,W s} = {1, ar,
¯
w + γ},

yielding total payoffs to the blockholder of sP [2V (ar) −
¯
w − γ]. The blockholder then

prefers to implement {1, aP ,W ∗} if:

δ ≥
γ
[
1− V (aP )

V (ar)

]
2
[
V (aP ) + b− V (ar)

]
+ γ
[
1− V (aP )

V (ar)

] ≡ δP1 (γ)

High cost of effort: If γ ≥ γ̄, the static equilibrium is given by {εs, as,W s} = {0, aP ,
¯
w},

with associated payoffs to the blockholder of sP [V i(ai) −
¯
w]. The blockholder then
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prefers {1, aP ,W ∗} if:

δ ≥
γ
[
1− V (ai)

V (ar)

]
V (aP ) + b+ γ V (ai)

V (ar)

≡ δP2 (γ)

Case 2 - Large passive blockholder: If sP > s̄2, the passive investor chooses {1, aP ,W ∗}

if:

sP

[
2
[
V (aP ) + b

]
−

¯
w − γ

δ

[
1− V (aP )

V (ar)

]
− γ

V (aP )

V (ar)

]
≥

≥ sP

[(
1− κ

sP
[
V (aP ) + b

][ ψ

γ + ψ

])[
V (aP ) + b

]
− (

¯
w + γ)

]
− κ

γ

γ + ψ

→ δ ≥
γ V (ar)−V (aP )

V (ar)

2
[
V (aP ) + b

]
−

¯
w − γ V (aP )

V (ar)
−
[(
1− κ

sP
[
V (aP )+b

][ ψ
γ+ψ

])[
V (aP ) + b

]
− (

¯
w + γ)− κ

sP
γ

γ+ψ

]
=

γ V (ar)−V (aP )
V (ar)(

1 + κ

sP
[
V (aP )+b

][ ψ
γ+ψ

])[
V (aP ) + b

]
+ γ V (ar)−V (aP )

V (ar)
+ κ

sP
γ

γ+ψ

Then, define:

δ̄P1 ≡



max

{
γ
V (ar)−V (aP )

V (ar)[
V (aP )+b−γ V (aP )

V (ar)

] , γ
V (ar)−V (aP )

V (ar)

2
[
V (aP )+b−V (ar)

]
+γ

V (ar)−V (ai)
V (ar)

}
if sP ≤ s̄ & γ < γ̄

max

{
γ
V (ar)−V (aP )

V (ar)[
V (aP )+b−γ V (aP )

V (ar)

] , γ
V (ar)−V (aP )

V (ar)

V (aP )+b+γ
V (aP )
V (ar)

}
if sP ≤ s̄ & γ ≥ γ̄

max

{
γ
V (ar)−V (aP )

V (ar)[
V (aP )+b−γ V (aP )

V (ar)

] , γ
V (ar)−V (aP )

V (ar)(
1+ κ

sP

[
V (aP )+b

][ ψ
γ+ψ

])[
V (aP )+b

]
+γ

V (ar)−V (aP )
V (ar)

+ κ

sP
γ

γ+ψ

}

if sP > s̄

The active investor: Next let us consider the case of the active investor. Since this
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blockholder effectively discounts with different factors, depending on the outcome, it

no longer suffices to compare the stage game.

Total payoffs to active blockholder from {ε∗A, aA} are:

∞∑
t=0

[
δ̂A(ε∗A, aA)

]t[
(1 + ε∗A)V A(aA)−W ∗(ε∗A, ai, δ)

]
=

2V A(aA)−W ∗(ε∗A, ai, δ)

1− δ̂A(ε∗A, aA)

=
(1 + ε∗A)V A(aA)−W ∗(ε∗A, ai, δ)

1− δσ̄(δ)
(C.7)

Case 1 - Small Active Investor Low cost of effort: In the repeated static equilibrium,

the probability with which the active blockholder stays with the firm is given by:

σ(εs, as,W s) = σ(1, ar,
¯
w + γ) = Pr

(
RA
t ≤ (1− δ)

2V (ar)−
¯
w − γ

V (ar)−
¯
w

)

The long-term profits from this strategy are then:

2V (ar)−
¯
w − γ

1− δ̂A(1, ar)
=

2V (ar)−
¯
w − γ

1− δσ(1, ar,
¯
w + γ)

(C.8)

The blockholder then implements {ε∗A, aA} if equation (C.7) is greater than equation

(C.8). At the cutoff discount factor δ̄A, the long-term profits from expressions (C.7)

and (C.8) are exactly equalised.

(1 + ε∗A)
[
V (aA) + b

]
−W ∗(ε∗A, ai, δ)

1− δσ̄(δ)
=

2V (ar)−
¯
w − γ

1− δσ(1, ar,
¯
w + γ)

So, that in this case:

δ̄A1 =
2V (ar)−

¯
w − γ −

[
(1 + ε∗A)

[
V (aA) + b

]
−W ∗(ε∗A, ai, δ)

]
σ̄(δ)

[
2V (ar)−

¯
w − γ

]
− σ(1, ar,

¯
w + γ)

][
(1 + ε∗A)

[
V (aA) + b

]
−W ∗(ε∗A, ai, δ)

]
Case 2 - High cost of effort: In the repeated static equilibrium, the probability with
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which the active blockholder exists is given by:

σ(0, aA,
¯
w) = (1− δ)

V (aA) + b−
¯
w

V (ar)−
¯
w

Implying long-term profits from this strategy equal to:

V (aA) + b−
¯
w

1− δ̂A(0, aA)
=

V (aA) + b−
¯
w

1− δσ(0, aA,
¯
w)

(C.9)

We can then again write the implicit solution for the cutoff discount factor as:

δ̄A1 =
V (aA) + b−

¯
w −

[
(1 + ε∗A)

[
V (aA) + b

]
−W ∗(ε∗A, aA, δ)

]
σ̄(δ)

[
V (aA) + b−

¯
w
]
− σ(0, ar,

¯
w)
][
(1 + ε∗A)

[
V (aA) + b

]
−W ∗(ε∗A, aA, δ)

]
Case 2 - Large Active Investor A large active investor, sA > s̄, induces {ε∗A, aA} if:

sA
[
(1 + ε∗A)

[
V (aA) + b

]
−W ∗(ε∗A, ai, δ)

]
1− δσ̄(δ)

≥

≥
sP

[(
1− κ

sA[V (aA)+b]

[
ψ

γ+ψ

])[
V (aP ) + b

]
− (

¯
w + γ)

]
− κ γ

γ+ψ

1− δσ(1− κ
sA[V (aA)+b]

, aA,
¯
w + γ)

Which can be rewritten to read:

δ̄
A
1 =

[(
1 − κ

sA[V (aA)+b]

[
ψ
γ+ψ

])[
V (aA) + b

]
− (

¯
w + γ) − κ

sA
γ

γ+ψ

]
−

[
(1 + ε∗A)

[
V (aA) + b

]
−W∗(ε∗A, ai, δ)

]
σ̄(δ)

[(
1 − κ

sA
[
V (aA)+b

] [ ψ
γ+ψ

])[
V (aP ) + b

]
− (

¯
w + γ) − κ

sP
γ

γ+ψ

]
− σ(1 − κ

sA[V (aA)+b]
, aA,

¯
w + γ)

[
(1 + ε∗A)

[
V (aA) + b

]
−W∗(ε∗A, ai, δ)

]

First note, that the above expressions remain implicit solutions as W ∗ and σ̄(δ) both

depend on δ.

Next, note that if (1+ ε∗A)[V (aA)+ b]−W ∗(ε∗A, ai, δ) is greater than the stage payoffs

of the static equilibrium, that implies that exit is less likely under {ε∗A, aA, 0} than

under {εs, as, µs}. It follows that exit has to be less likely under {ε∗A, aA} than under

200



APPENDIX C. CHAPTER 3 C.4. RELATIONAL CONTRACTS

{εs, as, µs} implying that σ̄(δ) ≥ σ(εs, as,W s). This ensures that if {ε∗A, aA, 0} yields

higher stage payoffs than {εs, as, µs}, then δ̄A1 > 0.

Finally, note that δ̄A1 is decreasing in σ̄(δ). ■

Proof of Corollary 3: First assume that both types of blockholders implement the

same probability of high effort. To determine when the blockholder prefers {ε, ai}, we

need to compare the payoffs to the payoffs of the static equilibrium. From proposition

11, we know that the payoffs of the static game are independent of the identity of the

blockholder (given the same block size). The benefits from {ε, ai} are also the same for

the two types of blockholder: (1 + ε)V i(ai). From corollary 5, we know that the wage

premium needed to implement {ε, ai} is higher for the active blockholder, implying

higher costs for the active blockholder.

Now, consider that the active investor may implement a lower probability of high effort

in equilibrium: ε∗A < ε∗P = 1. In this case the passive investor could implement the

equilibrium choice of the active investor, ε∗A, but at a lower cost. She chooses not to,

i.e. the passive investor must prefer ε∗P to ε∗A. The result follows. ■

C.4 Relational Contracts

Remark 19 (Relational Contracts: The Static Equilibrium). Without contracted for

incentive pay, sm = 0, the static equilibrium is equivalent to the equilibrium from

Proposition 11 in which the blockholder monitors, implying as = ai, εs = 1− κ
si[V (ai)+b]

,

and µis = γ
γ+ψ

.

The Constraints: Any self-enforcing relational contract has to fulfil four constraints:

a participation and incentive compatibility constraint for the manager and for the block-

holder each.

As before, let xs denote the outcomes of the static game. Here, it is the static equi-
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librium without high-powered incentives since they are assumed non-available. This

implies that as = ai.

The four constraints are then:

wiR + d(aiR, εiR)− εiRγ

1− δ̂i(εiR, aiR,W iR)
≥ wiR + d(aD, εD)− εDγ +

δ

1− δ ¯
w (IC.M)

wiR + d(aiRεiR)− εiRγ ≥
¯
w (PC.M)

(1 + εiR)
[
V (aiR) + b1{aiR = ai}

]
− wiR − d(aiR, εiR)

1− δ̂i(εiR, aiR,W iR)
≥

≥ (1 + εiR)
[
V (aiR) + b1{aiR = ai}

]
− wiR

+
δ̂i(εs, as,W s)

1− δ̂i(εs, as,W s)

[[
1 + εs + (1− εs)µis

][
V (ai) + b

]
−W s

] (IC.B)

(1 + εiR)
[
V (aiR) + b1{aiR = ai}

]
− wiR − d(aiR, εiR) ≥ 0 (PC.B)

An insight from Levin (2003) states that the outcomes implementable with a relational

contract can be expressed in terms of the blockholder’s and manager’s joint surplus.

Definition D19 (Joint Surplus). Let S(ε, a) denote the joint surplus of the relation-

ship:

S(ε, a) ≡ (1 + ε)
[
V (a) + b1{a = ai}

]
− εγ

After a deviation, the joint continuation value is given by:

S̄(εs, as, δ) ≡ δ

1− δ ¯
w+

δ̂i(εs, as,W s)

1− δ̂i(εs, as,W s)

([
2− κ

s−iV (ai)

ψ

γ + ψ

]
[V (ai) + b]− (

¯
w+ γ)

)
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Then, the four constraints can be combined into two:

δ̂i(εiR, aiR,W iR)

1− δ̂i(εiR, aiR,W iR)
S(εiR, aiR, δ)− S̄(εs, as, δ) ≥ εiRγ (DE)

εiR ∈ argmax
ε

[
wR + bR(ai, ε)− εγ

]
(IC)

Where S(εiR, aiR, δ) = (1 + ε)V i(ai, ε)− εγ is the joint on-path surplus and S̄(εs, as, δ)

is the joint continuation value after a deviation (both defined in the appendix). These

two constraints then jointly determine what can be supported in equilibrium.

Derivation of Dynamic Enforcement Constraint: I directly impose that d(aD, εD) =

εD = 0. Re-write (IC.M) as follows:

wiR + d(aiR, εiR)− εiRγ

1− δ̂i(εiR, aiR,W iR)
≥ wiR +

δ

1− δ ¯
w

→ δ̂i(εiR, aiR,W iR)

1− δ̂i(εiR, aiR,W iR)

[
wiR + d(aiR, εiR)− εiRγ

]
≥

≥ wiR −
[
wiR + d(aiR, εiR)− εiRγ

]
+

δ

1− δ ¯
w

→ δ̂i(εiR, aiR,W iR)

1− δ̂i(εiR, aiR,W iR)

[
wiR + d(aiR, εiR)− εiRγ

]
− δ

1− δ ¯
w ≥ −

[
d(aiR, εiR)− εiRγ

]
Equally, rewrite (IC.B) as:

δ̂i(εiR, aiR,W iR)

1− δ̂i(εiR, aiR,W iR)

[
(1 + εiR)

[
V (aiR) + b1{aiR = ai}

]
− wiR − d(aiR, εiR)

]
−

− δ̂i(εs, as,W s)

1− δ̂i(εs, as,W s)

[
(1 + εs)

[
V (aiR) + b1{aiR = ai}

]
−W s

]
≥ d(aiR, εiR)

Adding the rewritten (IC.M) and (IC.B) yields the desired result. ■

Proof of Lemma 7: Assume there exists a self-enforcing relational contract {ε, a,W} =

{ε′, a′,W ′} where W ′ = w′ + d′ satisfying the constraints (IC.M), (PC.M), (IC.B), and
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(PC.B). The proof then proceeds in two steps:

1. If {ε′, a′, w′+ d′} is self enforcing, there exists a self-enforcing contract with ε = 1

and a = ai.

2. If there exists a self-enforcing contract with ε = 1 and a = ai, there exists a

self-enforcing contract {1, ai,
¯
w + γ}.

To see point 1., assume that the effective discount factor, δ̂i(ε′, a′,W ′) ≤ δ̂i(1, ai,W iR).

This is trivially fulfilled for a passive investor. It will be proven at the end for the active

investor.

Next, note that the manager’s constraint only depend on the action through the bonus

payment. Thus, if d(a′, ε′) allows to implement {ε′, a′, w′+d′}, setting d(ai, ε′) = d(a′, ε′)

allows to implement {ε′, ai, w′+d′}. Since V (ai)+b > V (a′) for all a′ ̸= ai, it follows that

if a′ with d(a′, ε′) satisfies the blockholder’s constraints, so will ai and d(ai, ε′) = d(a′, ε′).

Next, assume that ε′ < 1 and let ∆ = 1 − ε′. Expression (IC.M) then implies that

raising the bonus payment one-for-one with the probability of high effort leaves the

manager’s incentive compatibility constraint unchanged: d(1, ai) = d(ε′, ai) + ∆γ. If

(IC.M) was binding (slack) under ε′ and d(ε′, ai), it is still binding (slack) under ε = 1

and d(1, ai) = d(ε′, ai) +∆γ. Since, by assumption, d(ε′, ai) also satisfies the simplified

managerial incentive compatibility constraint (IC), it follows that d(ε′, ai) ≥ ε′γ. As

a direct consequence, d(1, ai) = d(ε′, ai) + ∆γ ≥ γ so d(1, ai) still satisfies (IC). The

change in the blockholder’s payoffs are ∆[V (ai) + b] − ∆γ > 0 where the sign follows

immediately from parameter restrictions R1 and R2. Since we are leaving the fixed

wage constant, it follows that if {ε′, d(ai, ε′)} satisfies the blockholder’s incentive com-

patibility constraint (IC.B), {ε, d(ai, 1)} = {1, d(ε′, ai) + ∆γ} also satisfies (IC.B) and

even makes it more slack.

The fact that ∆[V (ai) + b]−∆γ > 0 directly implies that δ̂(1, ai, w′ + d(ε′, ai) +∆γ) ≥
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δ̂(ε′, ai, w′ + d(ε′, ai)) since the stage payoffs of the blockholder increase, making exit

less likely in the case of the active investor. This proves point 1.

Turning to point 2., consider the contract {1, ai, w′ + d′ +∆γ} and assume that W ′′ ≡

w′ + d′ + ∆γ >
¯
w + γ. In addition, let d(ε, a) = 0 for all {ε, a} ̸= {1, ai}. Then,

{1, ai,W ′′} satisfies the dynamic enforcement constraint (DE) and the simplified man-

ager’s incentive compatibility constraint (IC).

Now, considering the potential relational contract {1, ai,
¯
w + γ} where

¯
w + γ = wiR +

diR(ai, 1). For now, consider the effective discount factor associated with W ′′. Then,

the manager’s constraint (IC.M) is satisfied if:

wiR + diR(ai, 1)− γ

1− δ̂i(1, aA,W ′′)
≥ wiR +

δ

1− δ ¯
w → ¯

w

1− δ̂i(1, ai,W ′′)
≥ wiR +

δ

1− δ ¯
w

→ wiR ≤ 1

1− δ̂i(1, ai,W ′′) ¯
w − δ

1− δ ¯
w ≡ w2

So, the incentive compatibility constraint of the manager yields a higher bound for the

fixed wage, and since wiR + diR(ai, 1) =
¯
w + γ, this directly implies a lower bound for

the bonus payment.

The incentive compatibility constraint of the primary blockholder (IC.B) then yields a
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lower bound of the fixed wage.

2
[
V (ai) + b

]
− wiR − d(ai, 1)

1− δ̂i(1, ai,W ′′)
≥ 2
[
V (ai) + b

]
− wiR

+
δ̂i(εs, as,W s)

1− δ̂i(εs, as,W s)

[[
1 + εs + (1− εs)µis

][
V (ai) + b

]
−W s

]
→

2
[
V (ai) + b

]
− (

¯
w + γ)

1− δ̂i(1, ai,W ′′)
≥ 2
[
V (ai) + b

]
− wiR

+
δ̂i(εs, as,W s)

1− δ̂i(εs, as,W s)

[[
1 + εs + (1− εs)µis

][
V (ai) + b

]
−W s

]
→ wiR ≥ δ̂i(εs, as,W s)

1− δ̂i(εs, as,W s)

[[
1 + εs + (1− εs)µis

][
V (ai) + b

]
−W s

]
− δ̂i(1, ai,W ′′)

1− δ̂i(1, ai,W ′′)
2
[
V (ai) + b

]
+ ¯

w + γ

1− δ̂i(1, ai,W ′′)
≡ w1

A necessary and sufficient condition for {1, ai,
¯
w + γ} to be implementable under

δ̂i(1, ai,W ′′) with a relational contract is then that w1 ≤ w2:

δ̂i(εs, as,W s)

1− δ̂i(εs, as,W s)

[
(1 + εs)

[
V (ai) + b

]
−W s

]
− δ̂i(1, ai,W ′′)

1− δ̂i(1, ai,W ′′)
2
[
V (ai) + b

]
+ ¯

w + γ

1− δ̂i(1, ai,W ′′)
≤

≤ 1

1− δ̂i(1, ai,W ′′) ¯
w − δ

1− δ ¯
w

→ δ̂i(εs, as,W s)

1− δ̂i(εs, as,W s)

[
(1 + εs)

[
V (ai) + b

]
−W s

]
+

δ

1− δ ¯
w ≤

≤ 1

1− δ̂i(1, ai,W ′′)

[
δ̂i(1, ai,W ′′)2

[
V (ai) + b

]
+

¯
w −

¯
w − γ

]
→ S̄(εs, as, δ) ≤ 1

1− δ̂i(1, ai,W ′′)

[
δ̂i(1, ai,W ′′)2

[
V (ai) + b

]
− γ

]
(C.10)

Note that the expression (C.10) is equivalent to the dynamic enforcement constraint

(DE) under the self-enforcing contract {1, ai,W ′′}. This concludes the proof for the

passive investor as the primary blockholder since δ̂P (1, aP ,W ′′) = δ̂P (1, aP ,
¯
w+ γ) = δ.

206



APPENDIX C. CHAPTER 3 C.4. RELATIONAL CONTRACTS

Concerning the active investor as the primary blockholder, δ̂A(1, aA,W ′′) < δ̂A(1, aA,
¯
w+

γ) since lowering the wage payment to the manager increases the stage payoffs of the

blockholder, making exit less likely. It then follows that:

1

1− δ̂i(1, ai,W ′′)

[
δ̂i(1, ai,W ′′)2

[
V (ai) + b

]
− γ

]
≤

≤ 1

1− δ̂i(1, ai,
¯
w + γ)

[
δ̂i(1, ai,

¯
w + γ)2

[
V (ai) + b

]
− γ

]

It follows that if there exists a self-enforcing relational contract {ε′, a′,W ′}, there exists

another self-enforcing relational contract with {1, ai,
¯
w + γ}. ■

Proof of Proposition 13: It follows from lemma 7 that we can limit attention to the

outcome, {εiR, aiR,W iR} = {1, ai,
¯
w + γ}. This outcome coincides with the primary

blockholder’s first best as described in remark 8. The relevant (DE) is:

S̄(εs, as, δ) ≤ 1

1− δ̂i(1, ai,
¯
w + γ)

[
δ̂i(1, ai,

¯
w + γ)2

[
V (ai) + b

]
− γ

]
(C.11)

From the proof of lemma 7, we know that the relational contract is self-enforcing if

wiR ∈ [w1, w2], where:

w1 =
δ̂i(εs, as,W s)

1− δ̂i(εs, as,W s)

[
(1 + εs)

[
V (ai) + b

]
−W s

]
− δ̂i(1, ai,

¯
w + γ)

1− δ̂i(1, ai,
¯
w + γ)

2
[
V (ai) + b

]
+

+ ¯
w + γ

1− δ̂i(1, ai,
¯
w + γ)

w2 =
1

1− δ̂i(1, aA,
¯
w + γ) ¯

w − δ

1− δ ¯
w

A necessary and sufficient condition for {εiR, aiR,W iR} = {1, ai,
¯
w + γ} to be imple-

mentable with a relational contract is then that w1 ≤ w2 implying that the dynamic

207



C.4. RELATIONAL CONTRACTS APPENDIX C. CHAPTER 3

enforcement constraint (DE) is satisfied.

If i = P , then S̄(εs, as, δ) = δ
1−δ

[
[1 + εs + (1 − εs)µis]

[
V (ai) + b

]
− W s +

¯
w
]
, and

δ̂P (1, aP ,
¯
w + γ) = δ, so that expression (C.11) becomes:

δ

[[
1 + εs + (1− εs)µis

][
V (aP ) + b

]
−W s +

¯
w

]
≤ δ2

[
V (aP ) + b

]
− γ

→ δ

[
2
[
V (aP ) + b

]
−

¯
w −

[[
1 + εs + (1− εs)µis

][
V (aP ) + b

]
−W s

]]
≥ γ

→ δ ≥ γ

2
[
V (aP ) + b

]
−

¯
w −

[[
1 + εs + (1− εs)µis

][
V (aP ) + b

]
−W s

] ≡ δ̄PR

Substituting for the payoffs in the static equilibrium yields the following:

δ̄PR =
γ

2
[
V (aP ) + b

]
−

¯
w −

[[
2− κ

s−iV (ai)
ψ

γ+ψ

]
[V (ai) + b]− (

¯
w + γ)

]
=

γ
κ

s−iV (ai)
ψ

γ+ψ
[V (ai) + b] + γ

∈ (0, 1)

If i = A, the joint continuation value after a deviation is given by:

S̄(εs, aA, δ) =
δσ(εs, as,W s)

1− δσ(εs, as,W s)

[
(1 + εs)

[
V (aA) + b

]
−W s

]
+

δ

1− δ ¯
w

Where S̄(εs, aA, 0) = 0 and limδ→1 S̄(ε
s, aA, 1) = limδ→1

δ
1−δ ¯

w = ∞ since, evaluated at

δ = 1, σ(εs, as,W s) = 0.

By a similar argument, the right-hand side of expression (C.11) equals −γ when δ = 0

or δ = 1. It follows that if δ = 0 or δ = 1, expression (C.11) cannot be satisfied.

For intermediate values of δ, expression (C.11) is satisfied if σ(1, ai,
¯
w+γ) is sufficiently

larger than σ(εs, as,W s), i.e. if exit is made considerably less likely by moving from
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the static equilibrium to the relational contracting one.

1

1− δσ(1, ai,
¯
w + γ)

[
δσ(1, ai,

¯
w + γ)2

[
V (ai) + b

]
− γ

]
≥

≥ δσ(εs, as,W s)

1− δσ(εs, as,W s)

[
(1 + εs)

[
V (ai) + b

]
−W s

]
+

δ

1− δ ¯
w

■
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