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Abstract

In an effort to limit banks’ risk taking, regulators propose including unsecured debt
held by bank managers, often referred to as inside debt, in their compensation
contracts. I show that mandatory inside debt, when implemented in isolation, may
not only fail to reduce risk but can also increase it. A key friction is the distortion
of risk-taking incentives of shareholders, who optimally increase managers’ bonuses
in response to mandatory inside debt. Additionally, I show that in regimes with
bonus caps, inside debt can sometimes complement them to reduce risk but may
also cause adverse effects. The paper provides insights into policy measures for
regulating bank manager remuneration.
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1 Introduction

During the financial crisis of 2008, the role of managers in banks’ risk taking was widely

discussed. In light of evidence that high bonuses were steadily increasing before the cri-

sis (Fortin et al., 2010; Bell and Reenen, 2013), the concern was that the structure of

managerial compensation was one of the contributing factors in the buildup of the crisis

(Bebchuk and Spamann, 2010; Bebchuk et al., 2010; Bhagat and Bolton, 2014). Conse-

quently, financial authorities felt compelled to regulate compensation systems in banks.1

In 2009, the Financial Stability Board (FSB) introduced its Principles for Sound Compen-

sation Practices to guide national regulators in designing compensation structures aimed

at curbing the risk taking of bank managers. Through continued discussions between

regulators and the FSB about how these principles should be implemented, a recommen-

dation emerged that managers’ variable pay should include long-term, unsecured debt

(such as bonds, which can be written down in case of default) and equity.2 Furthermore,

the FSB suggests that the variable pay should be limited by a multiple of fixed pay (such

as base salary), as a form of bonus cap.

However, reports from FSB member countries that implemented such bonus caps and

debt-like compensation (APRA, 2018; FSB, 2019; FCA, 2020; Rozen, 2024), as well as

empirical studies (Kokkinis, 2018; Cerasi et al. 2020; Deng et al., 2021; Collonello et al.,

2023), show no evidence of a decrease in banks’ risk taking post reform. These findings

suggest that bank compensation regulation may still fall short in addressing underlying

risk-taking incentives. Furthermore, recent financial and political shocks reinitiated regu-

latory discussions on prudent compensation practices and revealed the lack of international
1"Compensation at significant financial institutions is one factor among many that contributed to

the financial crisis that began in 2007. Official action to address unsound compensation systems must
therefore be embedded in the broader financial regulatory reform program [...]" (The Financial Stability
Board, 2009, p. 1)

2See, e.g., Directive 2013/36/EU (with guidelines specified in EBA, 2014), Dudley (2014), Office of
the Comptroller of the Currency et al. (2016), FSB (2019)
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consensus on which rules should be implemented.3

I analyse the effect of mandatory unsecured managers’ debt holding (inside debt) on

banks’ risk taking in a theoretical framework. A key friction is the distortion in share-

holders’ risk-taking incentives due to deposit insurance, the price of which is not sensitive

to the underlying risk. As Chaigneau (2013) and Hoffmann et al. (2022) point out, it is

shareholders who ultimately design the compensation contract of the manager.4 There-

fore, even though the regulation targets manager’s incentives, it is crucial to understand

its impact on shareholders. I show that inside debt and risk taking interact in a way

that creates a dual impact on shareholders’ expected payoff. As a result, shareholders

optimally increase the manager’s bonus in response to the mandatory inside debt, keeping

risk levels unchanged and rendering the regulation ineffective. Furthermore, I discuss the

role of bonus caps in limiting shareholders’ ability to adjust the compensation contract in

order to realign the manager’s risk-taking incentives with theirs. I show that mandating

inside debt under bonus cap regulation could reduce banks’ risk taking, but it may also

have adverse effects in some cases. The analysis highlights the complexities in aligning

regulatory measures with shareholders’ interests to achieve optimal risk management in

banks.

I consider a model with a bank financed by insured deposits and equity. Deposit

insurance is not risk-sensitive, which gives rise to risk-taking incentives of bank share-

holders. The bank holds risky assets and is run by a risk-neutral manager, who can

increase the underlying risk of the bank’s assets at a private cost.5 I model risk taking
3While the US regulators are under pressure to introduce stricter rules for the remuneration of bank

executives following the collapse of Silicon Valley Bank in 2023 (Congress of the United States, 2024),
the UK regulator relaxed the rules by eliminating the bonus cap in the aftermath of Brexit (BoE, 2023).

4In this context, Fahlenbrach and Stulz (2011) analyse incentives of bank managers during the financial
crisis of 2008 and argue that bank CEOs did not appear to act solely in their own interests but rather
in the interests of shareholders. Also, Gropp and Köhler (2010) show that stronger incentive alignment
between management and shareholders leads to higher risk taking.

5For example, this cost could stem from the manager’s effort to increase the risk such that the regulator
does not notice the change and does not intervene.
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as a mean-preserving (or -decreasing) spread. The manager’s risk-taking incentives are

driven by the compensation contract designed by shareholders, maximizing the value of

equity. Shareholders cannot observe the manager’s risk taking actions. Thus, they design

a compensation contract based on the observable output.

Shareholders’ contract design is subject to regulatory constraints. Shareholders can

be required to include inside debt in the manager’s compensation. Inside debt is junior

to insured deposits. In the default state, where the project payoff is lower than the

amount of insured deposits, the manager gets zero payoff on the inside debt claim. In

non-default states, inside debt can be fully paid. The manager’s compensation can also

be subject to bonus caps. The two regulatory measures are given exogenously. The

paper does not seek to define optimal regulation. Rather, it aims to assess the role of

mandatory inside debt in managerial compensation contracts given shareholders’ risk-

taking incentives, thereby analyzing whether it should be considered in regulation of the

structure of bankers’ compensation.

Without mandatory inside debt shareholders optimally compensate the manager only

in the state with the highest project payoff, which can be interpreted as a bonus. Mandat-

ing banks to include inside debt in this compensation contract decreases the manager’s

risk-taking incentives holding the bonus constant. However, I show that in response to

mandatory inside debt, shareholders optimally increase the bonus to restore the manager’s

risk-taking incentives. While a higher bonus creates a cost for shareholders, higher risk

taking decreases the expected inside debt payment, completely offsetting the additional

cost of a higher bonus. Consequently, mandating banks to include inside debt in the

compensation contract does not change the manager’s optimal choice of risk.

A fixed cap on bonuses explicitly prohibits shareholders from increasing the bonus.

Such a constraint ensures that the risk-reducing effect of inside debt is not counteracted,

leading to lower risk taking. Although the fixed bonus cap reduces risk independently,
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when combined with inside debt, it can fully eliminate risk even if the cap is set above zero.

In contrast, a bonus cap defined as a maximum ratio of base salary to bonuses (relative

bonus cap) as recommended by the FSB guidelines and implemented in many national

legislations, does not explicitly forbid shareholders from increasing bonuses. Instead, it

makes it more costly for shareholders to do so because it necessitates the payment of a

higher base salary. However, the interaction between inside debt and risk taking offsets

their impact on shareholders’ expected payoff in the same way as when no cap is present.

Thus, even though this constraint leads to risk reduction, its effect is independent of inside

debt. As a result, mandatory inside debt does not complement the relative bonus cap.

Relaxing the assumption that bank deposits are fully insured reveals that mandatory

inside debt can have an adverse effect on banks’ risk taking. Unlike insured deposits,

uninsured debt has the same seniority as inside debt, allowing the manager to recover

a share of inside debt in default. Consequently, the cost of risk taking for shareholders

decreases, and the optimal risk taking increases with inside debt. In addition, base salary

is senior to uninsured deposits. Paying the base salary in default further reduces share-

holders’ expected wage costs under a relative bonus cap, potentially leading to greater

risk taking than without the cap.

In an extension, I show that mandating inside debt is even less effective when the

manager’s compensation contract features other equity-aligned instruments instead of a

bonus. I introduce a constraint that prohibits bonus pay and requires shareholders to

compensate the manager with shares in the bank. Absent mandatory inside debt, risk

taking decreases because providing risk-taking incentives through equity is more expen-

sive for shareholders than a bonus pay. However, additionally mandating inside debt

counteracts this risk reduction. Being senior to equity, mandatory inside debt reduces the

manager’s equity pay. In less profitable states, higher inside debt causes the manager’s

equity pay to approach zero, making it more similar to a bonus. Consequently, combining
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equity pay with mandatory inside debt results in higher risk taking than equity pay alone.

The model has several policy implications. First, inside debt per se does not reduce risk

taking in banks. Thus, requiring a part of the manager’s compensation to be unsecured

debt cannot be understood as a substitute for limiting bonus payments.6 However, a

combination of inside debt and a fixed bonus cap reduces risk taking more effectively than

a bonus cap alone. Therefore, inside debt could be a valuable complement to fixed bonus

caps, addressing regulators’ concerns that too strict bonus caps might hinder banks’ ability

to attract and retain talented managers.7 Second, limiting risk taking with a relative

bonus cap is challenging and might even backfire. Consistent with the implications of

my model, Collonelo et al. (2023) show empirically that after the introduction of relative

bonus caps for banks in the EU, base salaries increased and risk taking remained the

same for a lot of banks and even increased for some. Kokkinis (2018) argues that the

banks in the UK increased fixed compensation and maintained risk taking. The model

might also explain evidence from Cerasi et al. (2020), who document on a sample of

international banks post-FSB-reform that even though banks reduced variable pay, their

non-performing loans increased. Similarly, Rozen (2024) argues that variable pay ratio

has decreased in Israeli banks after the reform, but risk taking remained unchanged.

Furthermore, Deng et al. (2021) analyse the impact of bank regulation in China, which

includes both the relative bonus cap and mandatory inside debt, and argue that higher

levels of inside debt are correlated with more risk taking in banks. Third, if bank managers

are compensated with shares, mandating inside debt even increases risk taking. Therefore,

designing regulation "with a view to encouraging the use of equity or debt instruments"
6For example, the regulator in the UK has argued that the recent removal of the bonus cap is expected

to result in a larger amount of "at-risk" compensation, such as deferred compensation (which can be
categorized under inside debt) and that these instruments should limit excessive risk taking in banks
(PRA and FCA, 2023).

7See, for example, Hubbard and Palia (1995), The Economist (2009), Thanassoulis (2012), Bannier
et al. (2013), Edmans (2016). More recently, this seemed to be one of the main arguments of the UK
regulators to cancel the bonus cap (Guardian, 2023).
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(Directive 2013/36/EU, Article 65), might result in higher risk taking than requiring that

the compensation only consists of equity instruments.

The paper is related to the theoretical literature that discusses the implications of

unsecured debt in compensation contracts on the manager’s choice of risk, as well as its

role in banking regulation. John and John (1993) characterize a welfare-maximizing com-

pensation contract that features equity pay and a fixed payment that loses some value in

default (and can be interpreted as inside debt), aligning managers’ incentives with those

of shareholders and debtholders. The authors show how imposing this contract on the

manager limits shareholders’ risk-taking incentives. I show that when bank shareholders

are allowed to respond to regulations attempting to enforce such a structure on manage-

rial contracts, they adjust the contract to fully realign managers’ incentives with their

own. Edmans and Liu (2011) characterize the compensation contract that implements

the welfare-maximizing project under consideration of inside debt characteristics regard-

ing seniority. I analyse the problem of optimal compensation with inside debt in the

banking context, in which seniority of insured deposits has implications on the effect of

inside debt and the risk taking of managers.

John et al. (2000) extend the result from John and John (1993) to banking regulation

and show that linking deposit insurance pricing to manager’s compensation optimizes

bank risk choices. In contrast, I analyze whether setting constraints on the structure of the

manager’s compensation contract, in the form of mandatory inside debt and bonus caps,

could limit risk taking when the risk is not fairly priced in deposit insurance. Mandatory

inside debt and bonus cap regulation are consistent with the conclusion from John and

John (1993), John et al. (2000) and Edmans and Liu (2011) that a higher ratio of incentive

pay to debt in managerial compensation leads to higher risk taking and, consequently,

limiting the ratio should reduce risk taking. Empirical literature (Sundaram and Yermack,

2007; Cassell et al., 2012; van Bekkum, 2016) indeed provides evidence that a higher ratio
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of inside debt over equity compensation leads to lower risk taking. Wei and Yermack

(2011) further show that this dynamic is reflected in higher (lower) valuation of debt

(equity). It is crucial to recognize that these studies analyse the effect of the ratio of

inside debt relative to equity, not higher levels of inside debt in isolation. This distinction

is particularly important for regulatory design. As I demonstrate, absent other constraints

on compensation contracts shareholders with risk taking incentives optimally offset the

risk reducing effects of inside debt by increasing the manager’s incentive pay, irrespective

of the absolute level of inside debt.8 In addition, I show that setting constraints that

effectively attempt to limit the manager’s bonus-to-inside debt ratio in banks can work

in some cases, but I also highlight problems in implementation of such a regulation and

show cases when it can create adverse effects. In this context, Chaigneau (2013) also

examines how constraints on compensation influence managerial risk taking (and effort).

Unlike the approach discussed here, the author assumes that the regulator can require

shareholders to link managerial pay to the total value of the bank instead of equity.

The paper also contributes to the discussion of the limits of bank regulation through

deposit insurance. First, as John et al. (2000) highlight, incomplete information about

the banks’ risk technology might prevent the regulator from uniquely mapping the com-

pensation contract to the bank’s risk level.9 The regulator who wishes to link deposit price

to risk taking through compensation would face a similar problem in my model, having

to know not only the risk technology but also the manager’s private cost of risk taking.

While it might be possible for the regulator to obtain this information, it makes regulating

bank risk through deposit insurance pricing challenging in practice. Second, the presence
8This result differs from the discussion of relevance of managerial compensation structure in Dybvig

and Zender (1991). The authors show that if compensation structure of managers is not limited in a sense
that it can include information across periods, it can be constructed in such way that Modigliani–Miller
irrelevance results are maintained even in the presence of asymmetric information.

9In general, imperfect information about the managerial actions is what makes it difficult to determine
the price of deposit insurance that completely eliminates risk taking, as argued by John et al. (1991) and
Flannery (1991).
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of uninsured deposits limits the ability of the regulator to affect bank risk through the

pricing of debt. If uninsured depositors could fairly price debt claims, linking manager

compensation to these claims could as well reduce risk taking (see Bolton et al., 2015).

However, implicit government guarantees (Ohlrogge, 2023) and incomplete information

about managerial compensation can inhibit uninsured depositors’ monitoring incentives.

Under these conditions, regulators might need to introduce additional measures to limit

banks’ risk taking. I highlight in the paper that it is then crucial for regulators to under-

stand the individual and combined effects of these measures. For example, the differing

seniority of uninsured deposits relative to managers’ compensation instruments can render

regulations like mandatory inside debt and relative bonus caps counterproductive.

More broadly, my paper is related to the theoretical literature that focuses on vari-

ous aspects of inside debt. Hoffmann et al. (2022) analyse the effect of the regulation

that mandates deferring bonuses. While the authors focus on the optimal timing of the

manager’s pay, I analyse its optimal structure. Kolm et al. (2017) discuss the limits of

regulating managerial compensation to reduce risk taking with an active board.

Several papers point out that bonus caps are important because they can limit exces-

sive risk taking, but that they can also destroy value if they are too strict (Thanassoulis,

2012; Hakenes and Schnabel, 2014). I contribute to this literature by showing that the

combination of a fixed bonus cap with inside debt can result in larger decreases in risk

taking than a fixed bonus cap alone. This result is particularly relevant for the regulator

who wishes to avoid having very strict bonus caps which might destroy social value.

2 Model

The model includes two players: shareholders who own the bank, and a manager who

runs it. The manager chooses bank’s risk taking, while shareholders design the manager’s
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compensation contract.10 The compensation contract is subject to exogenously given set

of compensation rules. All players are risk neutral and the risk-free rate is normalized to

zero.

Bank project and risk taking. The bank holds a project, e.g., a loan portfolio or

an investment portfolio. The project yields a long-term risky payoff at date 2 with three

possible realizations. A high payoff RH is generated with probability pH ≥ 0, a medium

payoff RM with probability pM ≥ 0 and a low payoff RL with probability pL = 1 − pH −

pM ≥ 0, where RH > RM > RL.

At date 1, the manager can increase the risk of the project. I follow the literature11

and model the increase in risk as a second-order stochastically dominated shift in project

payoffs, such that an increase in the probability of the high-payoff state by ∆p

i. decreases the probability of the medium-payoff state by ∆p(1 + l) and

ii. increases the probability of the low-payoff state by ∆pl.

The choice of ∆p represents the risk taking. The variable l determines whether and by

how much the adjustment in risk changes the expected value of the project. Crucially, one

unit increase in the probability of the high-payoff state is only possible if the probability

of the low-payoff state simultaneously increases by l units. I assume l ∈
[

RH−RM

RM −RL
, RH−RL

RM −δ

]
.

A classic risk-shifting problem is captured with l = RH−RM

RM −RL
, when the manager maximizes

the value of equity by changing the risk of the project but not its expected value (mean-

preserving spread). For higher values of l, the manager can only increase the risk while

simultaneously decreasing the expected value of assets, making risk taking less attractive

for shareholders. The upper bound on l ensures that risk taking creates a non-negative

benefit for shareholders. I illustrate this model of risk in Figure 1.
10The actions of shareholders can be understood as an action of a representative shareholder or the

board of directors. There are no frictions and no differences among individual shareholders.
11For example, Tirole (2010), Hakenes and Schnabel (2014) and Bolton et al. (2015).
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pH +∆p

RH

pM −∆p(1 + l)
RM

pL +∆pl

RL

Figure 1: Distribution of payoffs with risk taking

Manager’s risk taking is unobservable, and can be interpreted as the choice of risky

loans or securities with unobservable risk in the portfolio.12 Furthermore, the manager

incurs a cost for increasing the risk of the project and this cost increases with the level of

risk.13 The manager has limited liability and her outside option is zero, so the manager

stays in the bank as long as she receives a non-negative payoff that covers the cost of risk

taking. For simplicity, I assume that the manager’s cost of risk taking takes the quadratic

form c(∆p) = ∆p2ϵ
2 . I assume that ϵ is sufficiently low, such that the marginal benefit

of risk taking is at least as high as the marginal cost of risk taking for ∆p = 0. This

assumption ensures that the shareholders are able to compensate the manager for risk

taking and thus have an incentive to choose a positive level of risk taking.

Furthermore, since the probabilities of each state have to remain non-negative after the

risk increase, ∆p is bounded such that ∆p ∈
[
0, pM

1+l

]
, which also implies that pH +∆p < 1

and pL +∆pl < 1. Therefore, I also assume that ϵ is sufficiently high such that the bounds
12For example, a bank can manipulate soft information and misclassify loans (Berg et al., 2020), reduce

high-quality monitoring (Acharya et al., 2006), include fewer and less strict covenants to loan contracts
(Gao et al., 2020), postpone loan repayment dates for the non-performing loans (Bruche and Llobet,
2014; Acharya et al., 2022) or trade risky securities for which the regulator cannot observe the risk or
has weak incentives or skills to intervene in time (Duchin and Sosyura, 2014; Acharya and Steffen, 2015;
Altavilla et al., 2017).

13The cost could stem from the manager’s effort to increase the risk such that the regulator does not
notice the change, or from the penalization that the manager would face for imprudent risk management.
Alternatively, it could be interpreted as a risk premium that a risk-averse manager would require to
increase risk.
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on ∆p are never binding, to focus on the optimal levels of risk taking driven by the choice

of managerial compensation. Otherwise, if risk taking was (nearly) costless, it would be

optimal to always choose the highest level of risk taking.

Bank capital structure and regulation. The bank project is financed with a

mixture of equity and insured deposits.14 Insured deposits create a payment obligation δ

for shareholders, where RM > δ > RL. Hence, if a low payoff is realized, the bank defaults.

In case of default, the deposit insurance fund bails out the depositors by providing the

amount δ−RL, and shareholders receive zero profit. I assume deposits are insured at a fee

normalized to zero. The outstanding debt gives rise to the risk-taking incentives of bank

shareholders, whose goal is to maximize the expected value of equity, i.e., the expected

payoff to shareholders at date 2 (see also Laeven and Levine, 2009; Laeven, 2011).

The regulator is concerned about risk taking and implements mandatory inside debt

regulation to constraint it.15 The regulator can also introduce bonus caps.

The manager’s compensation contract. Shareholders award the manager pay that

is based on the observable future payoff realizations at date 2: a wage wH in the high-

payoff state, a wage wM in the medium-payoff state, and a wage wL in the low-payoff

state. I assume that wages are junior to insured deposits. Consequently, wL = 0 since the

entire project payoff is used to pay δ. Furthermore, in states i ∈ {M, H} it has to hold

that wi ≤ Ri − δ.

Timeline. At date 0, shareholders design the manager’s compensation contract based

on regulatory constraints in place. At date 1, the manager chooses the level of risk. At

date 2 payoffs are realized.
14The implications of uninsured debt are discussed in Section 4.
15For example, banks’ risk taking can lead to costly public funding requirements if deposit insurance

must cover unpaid deposits in case of default (see Acharya and Yorulmazer, 2007; 2008). Risk taking can
create further costs for the regulator if it decreases welfare.
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- shareholders choose the

optimal compensation

contract to maximize

the shareholder value

subject to regulatory

constraints

0

- the manager chooses

the project risk,

maximizing the

expected compensation

1

- payoffs are realized

- claims are settled

2

3 Analysis

3.1 Manager’s utility and shareholders’ payoff

Given the constraints on wi and the assumption RM > δ > RL, I define the expected

utility of the manager and shareholders’ expected value of equity. The manager’s expected

utility, πM , consists of the expected wage and the cost of risk taking that the manager

bears, and equals

πM = (pH + ∆p)wH + (pM − ∆p(1 + l))wM︸ ︷︷ ︸
expected wage

− ∆p2ϵ

2 ,︸ ︷︷ ︸
cost of risk taking

(1)

whereby the case when ∆p = 0 corresponds to no risk taking.

Shareholders get the cash flow that remains after depositor claims have been settled

and the manager’s compensation paid, resulting in the expected value of equity πS:

πS = V + ∆pB − (pH + ∆p)wH − (pM − ∆p(1 + l))wM︸ ︷︷ ︸
expected wage

, (2)

where V ≡ pH(RH − δ) + pM(RM − δ) > 0, and B ≡ RH − RM − l(RM − δ) > 0.
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V is the expected value of equity without risk taking. B is the shareholders’ marginal

benefit of risk taking, which comprises two effects. Increasing the probability of high state

by ∆p results in a higher payoff compared to the medium state (RH −RM), increasing the

expected benefit. At the same time, the probability of the medium state decreases by more

than ∆p, reducing the expected marginal benefit by l(RM − δ). For a mean-preserving

spread, B equals the expected loss of the deposit insurance fund (see appendix). For

larger values of l the benefit decreases, but remains non-negative given the upper bound

on l. Finally, the remaining two terms in πS arise from the obligation to pay the manager

and constitute the expected wage cost.

3.2 Inside debt

When inside debt f is mandatory, shareholders are obliged to pay the manager at least

the amount f ≥ 0. Inside debt is classified as uninsured debt, which is junior to insured

deposits. In the default state, insured deposits get settled first, and inside debt claims

can be paid only with residual payoff. Otherwise, inside debt claims pay out the promised

amount f in full. I assume that RM − δ ≥ f , so that inside debt does not create default

in state i = M .16 I model mandatory inside debt as a constraint on the minimum wage,

such that wi ≥ f for i ∈ {M, H}.

Shareholders maximize the value of equity with a choice of risk taking, ∆p, and choose

manager’s wages which implement that level of risk. For i ∈ {H, M}, shareholders’
16I show in an extension that the model implications are the same if RM − δ < f < RH − δ.
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optimization problem is:

max
wi,∆p

πS (3)

subject to

πM ≥ 0 (PC)

wi ≥ f (R)

wi ≤ Ri − δ (J)

∆p ∈ arg max πM (IC)

Condition PC is the participation constraint of the manager. Condition R ensures

that all wages satisfy the regulatory constraint. Condition J is the upper limit on the

manager’s junior wage, so that it cannot be higher than the cash flow that remains after

settling the debt claims. Condition IC is the incentive constraint of the manager. Solving

the optimization problem leads to the following proposition.

Proposition 1. Assume that the regulator requires that the manager is awarded an

amount f of inside debt. The optimal level of risk taking equals ∆p∗ = B
2ϵ

− pH

2 and is in-

dependent of inside debt. The manager gets a state-contingent wage package {w∗
H , w∗

M} =

{B
2 − pHϵ

2 +(1+l)f, f} and the expected value of equity is π∗
S = V +∆p∗2ϵ−(pH(1+l)+pM)f .

Proposition 1 states that risk taking ∆p∗ does not depend on f . The reason lies in the

twofold effect of inside debt on the value of equity. Consider first the manager’s incentive

constraint,

wH − (1 + l)wM = ∆pϵ. (4)

The manager chooses the level of risk taking for which the marginal benefit of risk taking

(left-hand side) equals the marginal cost of risk taking (right-hand side). The manager’s

benefit from risk taking increases in the wage wH . In contrast, risk-taking incentives
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of the manager decrease in the wage wM . Furthermore, the wage wM also has a direct

negative effect on the expected value of equity. Therefore, shareholders optimally choose

the lowest possible wage wM . Given regulatory constraints, wM = f . Substituting the

incentive constraint in the shareholders’ objective function yields

πS = V + ∆pB − (pH + ∆p)(∆pϵ + (1 + l)f) − (pM − (1 + l)∆p)f. (5)

In order to maintain the same level of risk taking as without regulation, shareholders have

to pay a higher wage wH . An increase of wH increases shareholders’ expected wage cost

(captured in the third term of Condition (5)). At the same time, a higher risk taking

∆p reduces the expected wage cost, because it reduces the expected inside debt payment.

As the risk increases, the probability of the state i = M decreases by more than ∆p (as

reflected in the last term of Condition (5)), making it less likely that shareholders will

need to pay inside debt. Thus, f makes risk taking more expensive through a higher wH ,

but also more beneficial as risk taking reduces the expected inside debt payment. The

two effects completely offset each other, and consequently, f does not affect optimal risk

taking. Therefore, a regulatory constraint that only asks for mandatory inside debt in

compensation contracts of bank managers does not decrease the risk taking.

The optimal risk taking ∆p∗ = B
2ϵ

− pH

2 is determined by two components. First, ∆p∗

depends on the benefit of risk taking, B, relative to the cost parameter of risk taking, ϵ.

As the benefit of risk taking increases, shareholders optimally choose higher risk levels.

The manager’s private cost of risk taking, ϵ, is ultimately borne by shareholders and

reduces optimal risk taking. Second, the probability of the high payoff absent risk taking,

pH , reduces optimal risk taking. High pH increases the expected wage cost, making risk

taking less attractive for shareholders. Intuitively, shareholders are unwilling to pay the

manager to influence outcomes in situations where success is almost guaranteed (e.g., very
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good economic conditions, a high-quality project). This result is related to Chaigneau

et al. (2024), who argue and show empirically that the skewness of the measure used to

evaluate managerial performance is negatively correlated with convexity of the manager’s

compensation. The authors argue that lower skewness makes the performance measure

less informative about managerial effort. While their results are derived in a standard

moral hazard model with a choice of effort, I show that skewness plays an important

role in the model with risk-taking incentives. Finally, the assumption that the marginal

benefit of risk taking is higher than the marginal cost of risk taking for ∆p = 0 is fulfilled

for B > pHϵ, making risk taking attractive for shareholders.

Without mandatory inside debt (f = 0), wM = 0 and wH = ∆pϵ. Thus, shareholders

optimally compensate the manager only in the state with the highest project payoff,

which can be interpreted as a bonus.17 With regulation (f ∈ (0, RM − δ]), shareholders

optimally choose w∗
M = f . The wage wH = ∆pϵ+(1+ l)f can be viewed as a combination

of inside debt f and a bonus payment ∆pϵ+ lf . Thus, shareholders facing the mandatory

inside debt regulation increase the optimal bonus. Therefore, an important determinant

of risk taking is the ability of shareholders to optimally increase the bonus in response

to mandatory inside debt. In the subsequent section, I analyse the joint effect of inside

debt and bonus caps, which could hinder shareholders’ ability to optimally adjust the

manager’s compensation contract.

3.3 Bonus caps

In order to study bonus caps, it is necessary to define instruments that can be included

in the manager’s wage. While this distinction is not necessary for specifying the optimal

contract, it is important for the definition of bonus caps. I assume that the wages wi for

i ∈ {H, M, L} can consist of base salary, inside debt, and bonuses. Furthermore, I assume
17These compensation contracts can alternatively be interpreted as stock option rewards.
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that the base salary w is junior to insured deposits, so it still holds that wL = 0. Finally,

I define a bonus to be equal to wi − f − w.18

The bonus cap can be fixed, in which case the bonus cannot exceed an absolute amount

w̄. Alternatively, the bonus cap can be defined in terms of the base salary w (relative

bonus cap), and equal βw, where β ≥ 1 determines how much larger the bonus can be

compared to the base salary.19

The base salary w is similar to inside debt and increases the minimum wage constraint

to wi ≥ f + w. However, unlike inside debt, it is chosen by shareholders. Increasing the

base salary w is equivalent to voluntarily increasing inside debt f . From Condition (5) it

follows that shareholders would never voluntarily pay out f because it does not affect risk

taking, but it increases the expected wage cost. For the same reason, shareholders do not

optimally pay a base salary unless they are indirectly required to do so by the relative

bonus cap.

Fixed bonus cap. A fixed bonus cap introduces one more constraint to the opti-

mization problem in (3). Since w∗ = 0 in case of the fixed bonus cap, the regulation is

captured by the following condition:

wH − f ≤ w̄. (6)

Absent inside debt (f = 0), it follows from the incentive constraint (4) that the optimal

risk taking can at most be equal to ∆p = w̄
ϵ
, assuming that the cap is binding (w∗

H > w̄).

The only bonus cap that eliminates risk taking is w̄ = 0. That is, the regulator would

have to completely forbid paying out bonuses to stop banks from increasing the risk.
18Another interpretation of the regulation could be that inside debt is also a type of variable compen-

sation and thus a subject to the bonus cap. Then, the bonus equals wi − w. The intuition of the results
does not change under such specification of the bonus cap.

19For example, the EU regulation defines the bonus cap relative to the base salary, with β = 2.
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For f ∈ (0, RM −δ), the bonus wH −f must not exceed w̄, and the optimal risk taking

given the fixed bonus cap can at most equal ∆p = w̄−lf
ϵ

. Then, any combination of w̄ and

f that satisfies the condition w̄ = lf results in zero risk taking. Thus, risk taking can be

zero even if the regulator does not eliminate bonus payments.

Proposition 2. Inside debt can decrease risk taking if it is combined with a fixed bonus

cap, w̄. The regulator can choose any combination of w̄ and f that satisfies the condition

w̄ = lf to eliminate bank risk taking.

Relative bonus cap. With a relative bonus cap, in addition to the optimization

problem in (3) it has to hold

wH − f − w ≤ βw (7)

Therefore, if shareholders wish to pay a bonus, they have to pay a base salary w as well.

Paying wM beyond the minimum wage constraint is not optimal, thus wM = w+f . Then,

substituting the incentive constraint (4) in the relative bonus cap (7) yields

w ≥ ∆pϵ + lf

β − l
. (8)

Since paying a base salary above regulatory required minimum increases wM and is

thus costly for shareholders, Condition (8) is binding. Substituting these conditions in

(2) leads to the following proposition.

Proposition 3. Assume that a bonus can at most be a β multiple of base salary w. Then

i. For β > β̂ = l + pH(1+l)+pM

2∆p∗ : shareholders incentivize the manager to choose risk

taking ∆p∗
β = ∆p∗ − pH(1+l)+pM

2(β−l) > 0 by setting the optimal compensation contract to{
w∗

H,β, w∗
M,β

}
= {(β + 1)w∗ + f, w∗ + f}, where w∗ = ∆p∗

βϵ+lf

β−l
. The resulting value
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of equity is πS,β = V + ∆p∗2
β − (pH(1 + l) + pM)

(
f + lf

β−l

)
. Optimal base salary w∗

is increasing in f and decreasing in bonus cap multiple β.

ii. Otherwise, optimal risk taking is ∆p∗
β = 0, w∗

H,β = w∗
M,β = f and w∗ = 0.

The threshold β̂ is increasing in pH and l.

The proposition implies that the relative bonus cap always results in a decrease in

risk taking. However, while a very tight bonus cap (low β) is equivalent to setting an

absolute bonus cap w̄ to zero and fully disincentivizes banks from taking risks, a laxer

bonus cap (high β) does not completely eliminate risk taking. Such a partial reduction of

risk taking is more likely to happen in banks that have an incentive to choose particularly

high risk taking absent regulation (i.e., when banks choose a high ∆p∗). More explicitly,

a relative bonus cap fails to fully eliminate risk taking if, ceteris paribus, the manager’s

cost of risk taking (ϵ) is low, the marginal benefit of risk taking for shareholders (B) is

high, or when risk taking decreases the mean (low l). This result suggests that a relative

bonus cap would be particularly unsuccessful in limiting risk taking exactly in cases that

are the most concerning for the regulator.

Furthermore, the reduction in risk is unrelated to the level of inside debt f . While

relative bonus cap makes it more expensive for shareholders to increase a bonus, it does

not explicitly prevent them from doing so. The positive effect of inside debt (lower

expected inside debt payment) and the negative effect (higher bonus) still cancel out in

shareholders’ expected payoff function. Therefore, if risk taking is “cost effective" for

shareholders, they will maintain the same risk level despite inside debt. Thus, inside debt

cannot be made effective under the relative bonus cap, nor can it complement the cap.

Perhaps counter-intuitively, while risk is decreasing with a laxer relative bonus cap, the

optimal bonus could increase. The wage wH can be interpreted as a payment that includes

inside debt f , base salary w = ∆p∗
βϵ+lf

β−l
and a bonus β

∆p∗
βϵ+lf

β−l
= βw. Absent relative bonus
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cap, the bonus equals ∆p∗ϵ+ lf (Proposition 1). While ∆p∗ > ∆p∗
β, β > β − l, making the

relation between the optimal bonuses in these two cases not straightforward even when

f = 0.

This result stems from the interaction between the bonus cap multiple, β, and the

base salary, w. As the bonus cap tightens (lower β), the base salary (w) increases. This

outcome is intuitive: the tighter the cap, the more banks must increase the base salary to

meet the bonus cap requirements. With an increase in the wage wM by w, shareholders

also increase the bonus that the manager receives in the state H to restore the manager’s

risk-taking incentives. At the same time, a lower β reduces the optimal risk taking thus

reducing the optimal bonus. If the increase in bonus stemming from mandatory base

salary is larger than the reduction in the wage as a consequence of a lower choice of risk,

then the optimal bonus increases. This scenario arises when, despite risk taking becoming

very costly, shareholders still opt for a positive level of risk if the marginal benefits of risk

outweigh the costs. Such a situation is likely to occur under a regulatory framework that is

neither too strict nor too lax. If regulation is sufficiently strict, increasing bonuses becomes

expensive, which may lead to a higher bonus under a relative bonus cap. However, overly

strict regulation could deter shareholders from pursuing increased risk altogether.

This effect becomes even more pronounced when f > 0. With the relative bonus cap,

the optimal bonus increases by β
β−l

lf > lf , whereas it increases only by lf without the

cap. Mandatory inside debt makes risk taking more costly, which in turn results in a

higher optimal base salary, w. The bonus-increasing impact of w is thus more likely to

overweigh the bonus-decreasing effect of β. Therefore, while inside debt does not affect

risk taking with a relative bonus cap, it can lead to escalating bonus payments for banks

that find it profitable to sustain high risk levels.
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Regulatory and empirical implications. To evaluate the overall effectiveness of the

regulation, it is important to recognize that the regulation may influence outcomes in

multiple directions, all of which should be considered in empirical research and regulatory

decisions.

A relative bonus cap which links bonuses to base salary can either result in a sig-

nificant or a moderate reduction in risk. A moderate reduction in risk is more likely to

occur in banks in which the marginal benefit of risk taking for shareholders (B) is high.

Since B increases in δ, this scenario is more likely to occur in banks with higher lever-

age. Furthermore, the threshold β̂ increases with pH . A lower pH can reflect a weaker

economy or a low-quality project, making risk taking more attractive for shareholders, as

success under these conditions is more informative about managerial skill than a generally

favorable environment. Due to stronger risk-taking incentives, a lower pH makes it more

likely that the bank will maintain the same level of risk despite the relative bonus cap.

Furthermore, banks would only moderately reduce risk if the manager has a low cost of

increasing it. This scenario could be consistent with the manager being under a weak

regulatory supervision, or the manager being very skilled in increasing the risk without

being detected by the regulator. These factors generally align with a profile of a risky

bank operating in a weak economy and/or under weak regulatory oversight.

For these banks, the risk would not reduce significantly, the base salary would increase,

whereas the bonus could either increase or decrease. The bonus is more likely to increase

for a bonus cap that is moderately tight. This result could be an explanation for empirical

literature that finds no effect on risk taking post reforms regarding compensation policies

but reports different effects on variable compensation, such as Kokkinis (2018), Cerasi et

al. (2020), Deng et al. (2021), Colonnello et al. (2023), and Rozen (2024). Furthermore,

Kokkinis (2018), Colonnello et al. (2023), and Rozen (2024) show that banks affected

by the regulation saw a sharp increase in fixed compensation, typically base salary. This
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is in line with the main mechanism of the model, which shows that banks that wish to

maintain risk taking increase base salary to comply with the regulation.

In contrast, a bank with opposite characteristics, which could be interpreted as a less

risky bank in a better economy and under stronger regulation, would fully eliminate the

risk. Furthermore, low risk taking might occur as a consequence of a less skilled manager

with a high cost of increasing the risk. Absent risk-taking incentives, shareholders would

not find it beneficial to pay the manager any variable compensation, or to pay base

salary. This result has two implications. As the compensation of the manager of a less

risky bank decreases, the manager might be more likely to leave the bank for a higher

outside option, resulting in higher voluntary executive turnover. Kleymenova and Tuna

(2021) document that UK banks decreased their risk following compensation reforms, but

executive turnover increased. Alternatively, managers in banks that reduce risk taking

but face pay reduction might start to exploit company resources. Bae et al. (2024) suggest

that this occurred in Chinese companies affected by the regulations similar to the bankers’

bonus cap.20 In contrast, Colonnello et al. (2023) and Rozen (2024) found no significant

executive turnover in their bank samples in which banks maintained or even increased the

risk.

Examples of countries that have introduced a fixed bonus cap are rare. In countries

that have introduced both fixed and relative bonus caps, banks seem to have chosen to

comply with the latter. This finding is in line with the model, which implies that the

relative bonus cap allows banks to maintain relatively high risk levels, unlike the fixed

bonus cap. While it is straightforward that a fixed bonus cap would reduce risk taking,

one concern with implementing such regulation is that it could severely restrict bank

compensation, potentially making it harder for banks to attract talented managers. The

model predicts that some of these concerns could be alleviated by combining the fixed
20Authors note that centrally administered state-owned enterprises in China are allowed to pay a bonus

up to 30 times larger than the firm’s average salary.
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bonus cap with inside debt. Some legislations tax manager’s bonuses that exceed a certain

fixed amount. Even though the law does not explicitly prohibit paying high bonuses, one

might assume that tax disadvantages would discourage banks from doing so. However,

empirically this does not appear to be the case.21

Another possibility for structuring the regulation would be to link the relative bonus

cap to inside debt instead of the base salary. Mandating a fixed amount of inside debt

would directly determine the level of risk taking. However, this would give the regulator

complete control over managerial compensation in banks, which is unlikely to be a viable

solution. In contrast, if the regulator could link the bonus to inside debt and allow banks

to determine the level of inside debt themselves, such a bonus cap would be equivalent

to setting f = 0 and interpreting w as inside debt. While banks would have no incentive

to pay f if they forfeit the opportunity to increase the risk, they would be willing to pay

f > 0 to maintain moderately high risk taking.

In this setup, there is no difference between linking the cap to base salary or inside debt.

However, as I show in the subsequent chapter, allowing for uninsured deposits changes

the seniority order of claims in default. This change introduces a difference between base

salary and inside debt, and shows that in this case, a relative bonus cap might even lead

to a higher risk taking.

4 Uninsured debt and seniority

In the baseline model, I assumed that debt δ consists entirely of insured deposits. In this

section, I relax that assumption to account for the fact that bank deposits typically also

include uninsured deposits.
21For example, in the US in the 1990s bonuses of top three executives exceeding 1 million dollars were

taxed differently than the lower amounts. However, there was no significant change in compensation
practices, which led to an extension of the rule to top five bank executives.
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The two deposit categories can differ in two aspects - sensitivity of the cost of debt to

changes in the risk and seniority compared to different instruments in the manager’s com-

pensation contract. To focus on the impact of inside debt and bonus caps under different

seniority regimes, I assume that uninsured deposits are risk-insensitive. For example, the

regulator might be willing to bail out these depositors to maintain stability in the finan-

cial sector, despite a lack of legal obligation to do so.22 Furthermore, outside debtholders

might rely on regulatory monitoring instead of conducting their own analysis of the bank

risk.23 Alternatively, the uninsured debt could consist of long-term debt claims. Conse-

quently, shareholders have an incentive to maximize the risk and the regulator would like

to minimize it to avoid bailing out any depositors.

Including uninsured deposits in the model leads to two implications. First, uninsured

deposits and inside debt can be of the same seniority, as they are both unsecured debt

claims.24 Second, the base salary is senior to uninsured deposits.25 In both cases, the man-

ager’s pay in default takes precedence over uninsured deposits, increasing the manager’s

compensation.

I adjust the setup of the baseline model as follows. A share υ of δ are uninsured

deposits and the rest are insured. I focus on the case where RL suffices to pay the insured

but not all uninsured debt claims in default. Absent base salary, insured depositors get

paid first and the remaining profits, Ru
L = RL − (1 − υ)δ, get distributed across uninsured

debtholders, including inside debt holders.

The manager gets a proportional share γ = f
f+υδ

of the available cash flow Ru
L, which

increases with f .26 The manager’s pay in default then equals wL = Ru
Lγ < f , which

22Most recently, the US regulator bailed out uninsured depositors of the Silicon Valley Bank in 2023.
For further evidence see, for example, Ohlrogge, 2023.

23John et al. (2010) show that while managerial compensation is less performance-sensitive with higher
share of subordinated uninsured deposits, the performance-sensitivity increases in regulatory monitoring.

24See, for example, Anantharaman et al. (2014). The authors argue that the type of inside debt also
impacts seniority. For example, some deferred compensation plans may even be senior to outside debt.

25This assumption aligns with most bankruptcy laws worldwide, aiming to protect employees’ rights.
26Inside debt could also have a higher seniority over some uninsured debt claims, leading to an even
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increases the manager’s expected utility from Condition (1) to

πM,sen = πM + (pL + ∆pl)wL. (9)

The shareholders’ expected payoff remains the same as in (2), as well as the optimization

problem in (3).

In absence of bonus caps, solving the problem leads to the following proposition.

Proposition 4. Assume that the difference to Proposition 1 is that the share of bank

deposits is not insured, and capital available to uninsured debtholders in default is Ru
L.

The manager gets a γ share of Ru
L, proportional to the size of inside debt. Compared to

the case without uninsured deposits (Proposition 1):

i. The optimal compensation contract includes payment in default and features a lower

bonus: {w∗
H,sen, w∗

M,sen, w∗
L,sen} =

{
B−lγRu

L

2 − pHϵ
2 + (1 + l)f, f, γRu

L

}
.

ii. The optimal risk taking increases to ∆p∗
sen = B+lγRu

L

2ϵ
− pH

2 .

The value of equity is π∗
S,sen = V + ∆p∗2

senϵ − (pH(1 + l) + pM)f + pH lγRu
L.

The same seniority of inside debt and uninsured deposits results in a positive default

pay, wL, and impacts risk-taking incentives of the manager. The incentive constraint

equals

wH − (1 + l)wM + lwL = ∆pϵ (10)

Ceteris paribus, a positive wage in state L, wL = γRu
L, enhances the manager’s incentive

to take on more risk. The wage in default is paid at the cost of other debtholders, as it

dilutes uninsured external debt claims. As a result, shareholders can attain the same level

of risk taking as in the case without uninsured debt while paying the manager a lower

higher γ.
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compensation. The optimal wage in state H decreases by w∗
H − w∗

H,sen = lγRu
L

2 , which is

equivalent to lwL

2 .

Intuitively, due to its seniority, inside debt becomes less effective at reducing the

convexity of the manager’s compensation. In fact, it lowers the cost of risk taking for

shareholders, since the manager’s partially retrieved inside debt is paid out at the ex-

pense of uninsured depositors. Optimal risk taking increases by ∆p∗
sen − ∆p∗ = lγRu

L

2ϵ
, or

equivalently by lwL

2ϵ
. Furthermore, as f increases, the share of the capital available in

default that the manager receives also increases (γ increases with f). Consequently, risk

taking becomes cheaper for shareholders as f increases, leading to higher optimal risk

taking.

The higher seniority of inside debt also affects the fixed bonus cap, defined in (6).

Similar to the case with insured deposits, shareholders do not pay out a base salary

unless required by regulation, since it does not impact risk taking (it is paid out in all

states) while increasing the expected wage cost. Therefore, w∗ = 0, and the bonus in

state H equals wH − f = ∆pϵ + l(f − γRu
L). Under a fixed bonus cap, the bonus cannot

exceed w̄.

Analogous to the case with only insured debt, risk taking can be eliminated for any

combination of fixed bonus and inside debt that satisfies w̄ = l(f −γRu
L). Since the right-

hand side is increasing in f ,27 there exists an f for which risk taking can be eliminated

with a non-zero bonus cap. Nevertheless, f has to be much larger to eliminate risk taking

under the same bonus cap as in the case with only insured debt.

Proposition 5. If the manager receives a share of inside debt in default, combining it

with a fixed bonus cap can eliminate risk taking. However, a higher level of inside debt is

necessary to result in ∆p∗ = 0, given the same fixed bonus cap as in Proposition 2, since

it has to hold that w̄ = l(f − γRu
L).

27It holds that ∂(f−γRu
L)

∂f = γ + υδ(f+υδ−Ru
L)

(f+υδ)2 > 0.
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Finally, the effect of inside debt under a relative bonus cap changes compared to the

baseline scenario as well. A relative bonus cap requires banks to pay a base salary w to

be able to pay a bonus. Since base salary is senior to insured deposits, it has to be paid

out after insured deposits but before inside debt and uninsured depositors, increasing the

write-off in default. Then, wL = w+(Ru
L −w)γ. As in the case with only insured deposits,

relative bonus cap condition (7) is binding and has to be fulfilled. Given the incentive

constraint in (10), it has to hold

w = ∆pϵ + l(f − γRu
L)

β − lγ
. (11)

Solving the problem under the relative bonus cap constraint leads to the following propo-

sition.

Proposition 6. Assume that the difference to the Proposition 3 is that deposits are only

partially insured. The manager receives a base salary in default, as well as a γ share of

capital available to uninsured depositors. Then:

i. For β > lγ + pH(1+γl)+pM

2∆p∗
sen

− l2(1−γ)(f−γRu
L)

2ϵ∆p∗
sen

:

i.a. the manager chooses the optimal risk taking ∆p∗
sen,β = ∆p∗

sen
β−lγ
β−l

−pH(1+lγ)+pM

2(β−l) +
l2(1−γ)(f−γRu

L)
β−lγ

> 0 and shareholders set the optimal base salary to w∗
sen =

∆p∗
sen,βϵ+l(f−γRu

L)
β−lγ

, which is increasing in f and can either increase or decrease

in β.

i.b. The optimal compensation contract is{
w∗

H,sen,β, w∗
M,sen,β, w∗

L,sen,β

}
= {(β + 1)w∗

sen + f, w∗
sen + f, w∗

sen + γRu
L},

resulting in the value of equity

πS,sen,β = V +∆p∗2
sen,βϵ−(pH(1+l)+pM)f + l(f−γRu

L)
β−lγ

(pH(1−γl)+pM)+pH lγRu
L.

i.c. Risk taking with the relative bonus cap increases in comparison to Proposition
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(4) if 2(1 − γ)l∆p∗ + (1−γ)l2f
ϵ

> 1 − pL + pH lγ.

ii. Otherwise, risk taking is eliminated and ∆p∗
β = 0 and w∗

H,sen,β = w∗
M,sen,β = f , and

w∗
L,sen,β = γRu

L.

First, when deposits are partially insured, the relative bonus cap does not guarantee

a risk decrease. Shareholders face a trade-off between bearing the higher cost of the base

salary and the benefit of incentivizing risk taking through a higher bonus. However, with

uninsured deposits the base salary can be paid out fully even in default. As a result, the

cost of the base salary that shareholders must bear to be able to pay the bonus decreases.

For f = 0, Condition i.c. from Proposition (6), indicates that risk taking increases under a

relative bonus cap when ∆p∗ > 1−pL

2l
. This result occurs when the unconstrained optimal

risk taking is high enough, driven by a large benefit of risk taking (B) and a low cost of

risk taking (ϵ). Such a case would be within the possible range of ∆p, since the upper

limit on risk taking pM

1+l
implies ∆p < 1−pL

l
. Thus, the relative bonus cap with uninsured

deposits incentivizes higher risk taking when optimal risk taking absent bonus cap (∆p∗)

is already relatively high. In contrast to the case with only insured deposits, the base

salary is not always decreasing in β. Consequently, in some regions of β the base salary

decreases with a laxer bonus, ultimately leading to higher risk taking than without the

cap.

The dynamics are even more complex for f ∈ (0, RM − δ − w). As f increases,

Condition i.c. in Proposition (6) is more likely to hold and therefore it becomes more

likely that risk is higher with than without the bonus cap. Nonetheless, it also becomes

increasingly more likely that the relative bonus cap eliminates risk taking, as captured by

Condition i. in Proposition (6).

Unlike the relative bonus cap in scenarios with only insured deposits, inside debt does

have an impact on the relative bonus cap in this case. Yet, even though the relative bonus

cap becomes more effective with higher levels of inside debt f , it is generally less likely
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to eliminate risk taking than the relative bonus cap when the bank holds only insured

deposits. Furthermore, in cases when it does not eliminate risk taking, it can lead to a

risk increase.

Consequently, when bank deposits are partially insured, mandating inside debt might

be effective when combined with a fixed bonus cap. In the absence of the cap inside debt

could have an adverse effect on risk taking. Furthermore, a relative bonus cap with a base

salary that is senior to uninsured deposits could result in higher risk taking than without

the bonus cap, even if f = 0.

5 Extensions

5.1 Default in the medium-payoff state

Assume now that the regulator sets f such that RH > δ + f > RM > δ. Since insured

deposits are paid first, the regulator has no additional costs in this state. But the bank

defaults on the inside debt payment, since only a maximum of RM − δ < f can be paid

to the manager. Solving the optimization problem leads to the following proposition.

Proposition 7. Assume that shareholders are required by regulation to include an inside

debt f in the manager’s compensation contract such that RH > δ +f > RM . Optimal risk

taking ∆p∗
RM −δ remains the same as in Proposition 1. Shareholders get a positive payoff

π∗
S,RM −δ = pHB + ∆p∗2

RM −δϵ

Inside debt f ∈ (RM − δ, RH − δ] that causes default in the medium-payoff state leads

to the same risk taking as f ∈ [0, RM − δ]. Furthermore, any increase of inside debt

beyond the level that triggers default in state i = M does not change the optimal level of

risk.
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The manager’s risk-taking incentives increase in f > RM − δ since it holds that

wH − (1 + l)(RM − δ) = ∆pϵ. (12)

The manager’s expected loss in default (l(RM − δ)) does not increase with f , because

the inside debt payment in state i = M is limited to RM − δ. In contrast, a higher f

increases only the wage wH .

Shareholders only have a positive payoff in the high-payoff state. Consider that the

equality RH − δ − wH = B − ∆pϵ holds, given the incentive constraint in (12). Increasing

the probability of a high state increases shareholders’ payoff compared to the medium

state (RH − δ − 0). However, the manager’s bonus depends on the expected loss in the

value of inside debt ∆p(1 + l)(RM − δ). This cost is ultimately carried by shareholders

who pay the bonus. It also exactly equals the amount that shareholders would forego in

case f < RM − δ to get a higher payoff RH and constitutes their benefit of risk taking B.

In conclusion, regardless of what f the shareholders are required to pay the manager

according to the regulation, they have the incentive to design a contract such that the

risk does not decrease unless additionally constrained with a bonus cap. Consequently,

the regulator cannot reduce risk taking to socially optimal ∆p = 0 merely by introducing

mandatory inside debt, regardless of how high this requirement is.

5.2 Compensation contract with equity pay

FSB guidelines on prudent compensation advocate for the use of equity in compensation

contracts of managers. The specificity of this instrument is that it rewards the manager

in all states when equity is positive. Thus, unlike bonuses, it prevents shareholders from

maximizing the manager’s risk-taking incentives by paying only in the extreme outcomes.

In its form, it is similar to the relative bonus cap when debt is fully insured in that it
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enables paying out a bonus in state i = H only if there is a certain payment in the

state i = M as well. Consequently, risk taking is lower than with a bonus payment.

However, unlike base salary, equity is junior to inside debt. The value of equity and

thus manager’s remuneration in states i ∈ {M, H} are a function of inside debt. In this

section, I investigate whether inside debt affects risk taking if managers are compensated

with shares.

Given the distinct form of remuneration with shares, I do not model the mandatory

inside debt as a minimum wage requirement. Instead, I assume that the manager gets

inside debt f and is awarded wages that equal α share of the residual payoff, such that

wH = α(RH − δ − f) + f , wM = α(RM − δ − f) + f , with α ∈ [0, 1].

Similar to the Problem (3), shareholders maximize the value of equity, but now by

choosing the optimal α share of equity to remunerate the manager.

Proposition 8. Assume that the manager receives a share of bank equity α and inside

debt f , payable in the non-default states. The optimal equity share of the manager is

α∗ = 1
2 − V −(pH+pM )f

2(B+lf)2 ϵ and it induces risk taking ∆p∗
α,f = B

2ϵ
− V −(pH+pM )f

2(B+lf) . Shareholders

get a positive payoff π∗
S,α,f = (V − (pH + pM)f) B

B+lf
+ ∆p∗2

α,fϵ.

Risk taking, ∆p∗
α,f , is increasing in f .

The result is driven by the effect that inside debt has on the manager’s risk taking

incentive,

αB − (1 − α)lf = ∆pϵ. (13)

As in the case where the manager receives only a bonus, the risk-taking incentives of

the manager decrease in f . However, while the cost of risk taking increases by lf with a

bonus payment, it increases by a lower amount, (1 − α)lf , if the manager is remunerated

with shares. At the same time, ∂α
∂f

> 0. Therefore, while f > 0 still increases the marginal

cost of risk taking, as f increases it gets less expensive for shareholders to increase the
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risk with higher inside debt.

A higher f creates a loss for the manager in default, but it also reduces the value

of equity in solvent states. As f increases, the equity in state i = M , and with that

the wage wM = α(RM − δ − f), reaches zero. The remuneration contract becomes more

convex, similar to a bonus, strengthening risk-taking incentives of the manager. Still, the

overall effect of inside debt on shareholder’s equity is negative, so shareholders would not

voluntarily remunerate the manager with inside debt. Nevertheless, if they are forced

to include inside debt in the manager’s compensation contract, this would lead them to

choose a higher level of risk. Thus, adding inside debt to the contract that remunerates

the manager with shares in bank equity mitigates the risk-reducing effect of mandatory

equity.

The assumption that the marginal benefit of risk taking is higher than the marginal

cost of risk taking for ∆p = 0 is fulfilled for B > π
B

ϵ > pHϵ. Since risk taking is more

costly if the manager is compensated with shares rather than a bonus, the benefit also

has to be higher to make risk taking attractive for shareholders.

As in the case of bonuses, if deposits are not fully insured, the manager is remunerated

in default. Consequently, manager’s risk-taking incentives are stronger, making risk taking

less expensive for shareholders. Thus, optimal risk taking is higher when deposits are not

fully insured.

Proposition 9. If the only difference to Proposition 8 is that deposits are not fully in-

sured, a marginal increase in inside debt leads to an even larger increase in optimal risk

taking than in Proposition 8.
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6 Conclusion

In the aftermath of the financial crisis of 2008, the role of managerial compensation in the

risk taking of banks became one of the central concerns of bank regulators. The Financial

Stability Board issued a set of principles that national regulators are advised to follow to

ensure prudent and internationally consistent compensation practices. These principles

highlight the importance of making managers’ variable compensation susceptible to losses

in default to prevent excessive risk taking. One of the suggestions is that this can be

achieved by mandating that managers’ compensation contracts feature unsecured debt

instruments.

I show that mandating inside debt is not a straightforward tool for reducing banks’

risk taking. First, I show that inside debt per se does not affect risk taking, because

shareholders correct managers’ incentives by increasing their bonuses. With higher risk

taking the expected inside debt payment decreases, completely offsetting the cost of a

higher bonus for shareholders. A combination of inside debt and a fixed bonus cap can

fully eliminate risk taking if the fixed bonus cap is larger than zero. However, if the bonus

cap is defined as a multiple of base salary, mandating inside debt in addition does not

affect risk taking.

If bank deposits are not fully insured, the seniority of compensation instruments rel-

ative to deposits changes. Inside debt is of the same seniority as uninsured debt, and

the manager is remunerated in default. In this case, higher inside debt increases optimal

risk taking. While the risk taking can be inhibited with a bonus cap, the relative bonus

cap is less effective. The ability to pay the base salary before insured deposits are set-

tled increases the implicit subsidy from the mispriced deposit insurance. Consequently,

risk taking becomes less expensive and could even lead to higher risk taking than in the

absence of the bonus cap.

Furthermore, if the regulator mandates that bank managers are compensated with
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shares instead of bonuses, bank risk taking is lower than with a bonus compensation.

However, if the regulators require that the manager holds both equity and inside debt,

bank risk taking increases in the level of inside debt that the manager is required to hold.

In the paper, I show the importance of understanding not only the effect of single

regulatory tools but their interaction as well. In addition, I highlight the importance of

correctly designing the bonus cap to achieve target results.
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A Appendix

A.1 The benefit of risk taking.

For l = RH−RM

RM −RL
, the benefit of risk taking equals

B = RH − RM − l(RM − δ)

= RH − RM

RM − RL

(RM − RL) − RH − RM

RM − RL

(RM − δ)

= RH − RM

RM − RL

(δ − RL).

Since δ > RL per assumption, the benefit of risk taking is larger than zero in a mean-

preserving spread.

A.2 Proof of Proposition 1.

The incentive constraint determines the wage level necessary to implement a level of risk

∆p to ensure that the shareholders’ optimal choice of ∆p also maximizes the manager’s

payoff. From the first-order condition ∂πM

∂∆p
= 0, it follows:

wH − (1 + l)wM = ∆pϵ. (14)

Substituting this condition in the manager’s expected utility yields:

πM = pHwH + pMwM + ∆p(wH − (1 + l)wM) − ∆p2ϵ

2

= pHwH + pMwM + (wH − (1 + l)wM)2

ϵ
− ϵ(wH − (1 + l)wM)2

2ϵ2

= pHwH + pMwM + (wH − (1 + l)wM)2

2ϵ

which is larger than zero, given the regulatory constraint (R). Therefore, Condition PC

always holds and the optimal choice of wages is determined by the incentive constraint.
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It follows from the incentive constraint that wH = ∆pϵ + (1 + l)wM , so it holds that

wH > wM and (R) reduces to the requirement that wM ≥ f . Substituting the incentive

constraint in (4) in the expected value of equity defined in (2)

πS = V + ∆pB − (pH + ∆p)(∆pϵ + (1 + l)wM) − (pM − ∆p(1 + l))wM

= V + ∆p(B − pHϵ − (∆pϵ + (1 + l)wM) + (1 + l)wM) − (pH + pM)wM

= V + ∆p(B − pHϵ − ∆pϵ) − (pH + pM)wM .

The optimal level of risk taking follows from the first-order condition ∂πS

∂∆p
= 0, which is

equivalent to
B − 2∆p∗ϵ − pHϵ = 0

∆p∗ = B

2ϵ
− pH

2 .

The expected value of equity given the optimal risk taking equals

π∗
S = V + ∆p(B − pHϵ − ∆pϵ) − (pH + pM)wM

= V + ∆p(2∆pϵ − ∆pϵ) − (pH + pM)wM

= V + ∆p2ϵ − (pH + pM)wM .

Since ∂∆p∗

∂wM
= 0, ∂π∗

S

∂wM
= −(pH + pM) < 0.

Finally, to see that RH is always sufficiently high to pay δ and wH under the assumption

RM ≥ δ + f , consider first that

RH

2 + RM − lf

2 > RM

RH + RM − lf > 2RM

RH − RM > lf

B + l(RM − δ) > lf

B + l(RM − δ − f) > 0
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which holds since RM ≥ f + δ. Then,

RH ≥ δ + wH

RH ≥ δ + f +
(

RH − RM − l(RM − δ)
2 − pHϵ

2 + lf

)

RH − RH − RM − l(RM − δ)
2 + pHϵ

2 − lf ≥ δ + f

RH

2 + RM − lf

2 + l(RM − δ − f)
2 + pHϵ

2 ≥ δ + f

RH

2 + RM − lf

2︸ ︷︷ ︸
>RM , see above

+ l(RM − δ − f)
2︸ ︷︷ ︸

>0

+pHϵ

2 > RM ≥ δ + f.

The condition RH − δ > w∗
H holds.

Therefore, shareholders optimally choose the lowest possible wage in state M , w∗
M = f ,

and consequently w∗
H = RH−RM −l(RM −δ)

2 − pHϵ
2 +(1+ l)f can always be paid if RM ≥ δ +f .

A.3 Proof of Proposition 3.

The optimal compensation in the state i = M is wM = w + f and from (7) it follows that

wM = ∆pϵ+lf
β−l

+ f . The value of equity defined in (5) then equals

πS,β = V + ∆pB − (pH + ∆p)∆pϵ − (pH(1 + l) + pM)
(

f + ∆pϵ + lf

β − l

)

From the first-order condition it follows that

B − pHϵ − 2∆pϵ − (pH(1 + l) + pM)ϵ
β − l

= 0

∆p∗
β = B

2ϵ
− pH

2 − pH(1 + l) + pM

2(β − l) .
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Risk taking ∆pβw ≥ 0 if

B

2ϵ
− pH

2 ≥ pH(1 + l) + pM

2(β − l)

β > l + ϵ(pH(1 + l) + pM)
B − pHϵ

β > β̂ = l + pH(1 + l) + pM

2∆p∗ .

The threshold β̂ is increasing in pH , since it holds

∂β̂

∂pH

= ϵ
(1 + l)(B − pHϵ) + (pH(1 + l) + pM)ϵ

(B − pHϵ)2 = ϵ
(1 + l)B + pMϵ

(B − pHϵ)2 > 0.

The value of equity equals

πS,β = V + ∆pβ

(
B − pHϵ − (pH(1 + l) + pM)ϵ

2(β − l) − ∆pβϵ

)
− (pH(1 + l) + pM)

(
f + lf

β − l

)

= V + ∆pβ (2∆pβϵ − ∆pβ) − (pH(1 + l) + pM)
(

f + lf

β − l

)

= V + ∆p2
βϵ − (pH(1 + l) + pM)

(
f + lf

β − l

)
.

To derive comparative statics regarding w, notice first that w = ∆p∗
βϵ+lf

β−l
= B+2lf

2(β−l) −
(1+β)pH+pM

2(β−l)2 ϵ. It is straightforward to see that ∂w
∂f

> 0.Furthermore,

∂w

∂β
= − B + 2lf

2(β − l)2 − ϵ

2
pH(β − l)2 − ((1 + β)pH + pM)2(β − l)

(β − l)4

= −B + 2lf + pHϵ

2(β − l)2 + ϵ
(1 + β)pH + pM

(β − l)3 > 0

46



if

B

2ϵ
+ lf

ϵ
>

(1 + l)pH + pM

2(β − l)

which holds, since ∆p∗
β > 0 implies B

2ϵ
> (1+l)pH+pM

2(β−l) .

A.4 Proof of Proposition 4.

From the first-order condition ∂πM

∂∆p
= 0, it follows:

wH − (1 + l)wM + lwL = ∆pϵ. (15)

Substituting the incentive constraint in the manager’s expected utility yields

πM = pHwH + pMwM + pLwL + ∆p(wH − (1 + l)wM + lwL) − ∆p2ϵ

2

= pHwH + pMwM + pLwL + (wH − (1 + l)wM + lwL)2

ϵ
− ϵ(wH − (1 + l)wM + lwL)2

2ϵ2

= pHwH + pMwM + pLwL + (wH − (1 + l)wM + lwL)2

2ϵ
,

which is larger than zero, given the regulatory constraint (R), and thus the participation

constraint (PC) always holds.

Inserting the incentive constraint in the expected value of equity yields

πS = V + ∆pB − (pH + ∆p)(∆pϵ + (1 + l)f + lγRu
L) − (pM − ∆p(1 + l))f

= V + ∆p(B − pHϵ − ∆pϵ + lγRu
L) − (pH(1 + l) + pM)f + pH lγRu

L.
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From the first-order condition ∂πS

∂∆p
= 0, it follows

B − 2∆pϵ + lγRu
L − pHϵ = 0

∆p = B + lγRu
L

2ϵ
− pH

2

and the expected value of equity can be expressed as

πS = V + ∆p(B + lγRu
L − pHϵ − ∆pϵ) − (pH(1 + l) + pM)f + pH lγRu

L

= V ∆p(2∆pϵ − ∆pϵ) − (pH(1 + l) + pM)f + pH lγRu
L

= V + ∆p2ϵ − (pH(1 + l) + pM)f + pH lγRu
L.

A.5 Proof of Proposition 6

For wM = w + f , wL = w(1 − γ) + γRu
L, and w = ∆pϵ+l(f−γRu

L)
β−lγ

, the value of equity equals

πS,sen,β =V + δpB − (pH − ∆p)∆pϵ − f(pH(1 + l) + pM) − (pH(1 + lγ)+

pM − ∆pl(1 − γ))∆pϵ + l(f − γRu
L)

β − lγ
+ (pH + ∆p)lγRu

L

From the first-order condition
(

∂πS,sen,β

∂∆p
= 0

)
it follows

B − pHϵ − 2∆pϵ + lγRu
L − ϵ

β − lγ
(pH(1 − lγ) + pM − 2∆p(1 − γ)l) + l2(1 − γ)(f − γRu

L)
β − lγ

= 0

∆p∗
sen,β =

(
B + lγRu

L

2ϵ
− pH

2

)
β − lγ

β − l
− pH(1 + lγ) + pM

2(β − l) + l2(1 − γ)(f − γRu
L)

β − lγ

∆p∗
sen,β = ∆p∗

sen

β − lγ

β − l
− pH(1 + lγ) + pM

2(β − l) + l2(1 − γ)(f − γRu
L)

β − lγ
(16)
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The value of equity equals

π∗
S,sen,β = V − (pH(1 + l) + pM)f + l(f − γRu

L)
β − lγ

(pH(1 − γl) + pM) + pH lγRu
L+

∆p∗
sen,β(B − pHϵ − ∆p∗

sen,βϵ − ϵ

β − lγ
(pH(1 + lγ) + pM) −

∆p∗
sen,βϵl(1 − γ)

β − lγ
−

l2(1 − γ)(f − γRu
L)

β − lγ
+ γlRu

L)

= V − (pH(1 + l) + pM)f + l(f − γRu
L)

β − lγ
(pH(1 − γl) + pM) + pH lγRu

L + ∆p∗2
sen,βϵ

(17)

The optimal base salary equals

w∗
sen = l(f − γRU

L )
β − lγ

+ B + lγRU
L

β − l
− pH(β + 1) + pM

2(β − l)(β − lγ)ϵ,

and its derivative with respect to the strictness of the bonus cap is

− B + lγRU
L

2
β − γl

β − l
+ pH(β + 1)

2(β − l) + pMϵ

2(β − l) > 0

if

β > lγ + 2l.

While β > lγ, the condition above might not hold. The derivative increases in large

enough values of β, whereas it decreases for smaller values of β.

The base salary is increasing in f , since

∂

∂f

(
l(f − γRu

L

β − lγ

)
= + l((β − l)f 2 + βυ(2f + υ − Ru

L))
((β − l)f + υβ)2 > 0, (18)

and ∂∆p∗
sen,β

∂f
> 0 as well.
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A.6 Proof of Proposition 8

With inside debt, the expected payoff of shareholders (πS,α,f ) and the expected utility of

the manager (πM,α,f ) are respecively

πS,α,f = (pH + ∆p)(1 − α)(RH − δ − f) + (pM − ∆p(1 + l))(1 − α)(RM − δ − f)

= (1 − α)(V + ∆pB − (pH + pM)f + ∆plf)

πM,α,f = (pH + ∆p)[α(RH − δ − f) + f ] + (pM − (1 + l)∆p)[α(RM − δ − f) + f ] − ∆p2ϵ

2

= α(V + ∆pB − (pH + pM)f + ∆plf) + (pH + pM − l∆p)f − ∆p2ϵ

2

The first-order condition ∂πM

∂∆p
= 0 yields a condition for the compensation necessary to

create incentives for the manager to increase the risk by ∆p:

α = ∆pϵ + lf

B + lf
.

In order for manager to participate, it has to hold

(pH + ∆p)(α(RH − δ − f) + f) + (pM − ∆p(1 + l))(α(RM − δ − f) + f) − ∆p2ϵ

2 ≥ 0.

The compensation that ensures that the manager participates is

α ≥
(

∆p2ϵ

2 − f(pH + pM − ∆pl)
)

1
pH(RH − δ − f) + pM(RM − δ − f) + ∆pB

.

50



The incentive constraint is binding if

∆pϵ + lf

B + lf
≥
(

∆p2ϵ

2 − f(pH + pM − ∆pl)
)

1
pH(RH − δ − f) + pM(RM − δ − f) + ∆p(B + lf)

(∆pϵ + lf)(pH(RH − δ − f) + pM(RM − δ − f)) + ∆p2ϵ(B + lf) + lf∆p(B + lf) ≥ ∆p2ϵB

2 −

f(pH + pM − ∆pl)(B + lf)
∆p2ϵ(B + lf)

2 ≥ −(∆pϵ + lf)(pH(RH − δ − f) + pM(RM − δ − f)) − f(pH + pM − ∆pl)(B + lf)−

lf∆p(B + lf)

which always holds since the left-hand side of the inequality is positive and the right-hand

side is negative. Therefore, the compensation contract α that creates incentives for the

manager to increase the risk always provides incentive for the manager to participate as

well.

Substituting the incentive constraint in the shareholders’ optimization problem yields

max
∆p

πS = (1 − α)(V + ∆pB − (pH + pM)f + ∆plf)

=
(

1 − ∆pϵ + lf

B + lf

)
(V + ∆pB − (pH + pM)f + ∆plf)

= V + ∆pB − (pH + pM)f + ∆plf − ∆pϵ + lf

B + lf
(V − (pH + pM)f) − ∆p2ϵ − ∆plf

= V + ∆pB − (pH + pM)f − ∆pϵ + lf

B + lf
(V − (pH + pM)f) − ∆p2ϵ.

The optimal level of risk taking follows from the first-order condition ∂πS

∂∆p
= 0, which is

equivalent to
B − ϵ

B + lf
(V − (pH + pM)f) − 2∆pϵ = 0

∆p∗
α,f = B

2ϵ
− V − (pH + pM)f

2(B + lf) .
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The optimal risk taking increases in f , since:

∂∆p∗
α,f

∂f
= −1

2
−(pH + pM)(B + lf) − (V − (pH + pM)f)l

(B + lf)2 = (pH + pM)B + V l

2(B + lf)2 > 0.

The optimal compensation α∗ also increases in f since

∂α∗

∂f
= (V − (pH + pM)f)lf

(B + lf)3 + (pH + pM)ϵ
2(B + lf)2 > 0

and V − (pH + pM)f = pH(RH − δ − f) + pM(RM − δ − f) > 0.

The expected value of equity given the optimal risk taking is

π∗
S,α,f = V + ∆p∗

α,fB − (pH + pM)f −
∆p∗

α,fϵ + lf

B + lf
(V − (pH + pM)f) − ∆p∗2

α,fϵ

= V − (pH + pM)f + ∆p∗
α,f

(
B − (V − (pH + pM)f)ϵ

B + lf

)
− lf

B + lf
(V − (pH + pM)f) − ∆p∗2

α,fϵ

= (V − (pH + pM)f)
(

1 − lf

B + lf

)
+ ∆p∗2

α,f2ϵ − ∆p∗2
α,fϵ

= (V − (pH + pM)f) B

B + lf
+ ∆p∗2

α,fϵ

The expected value of equity decreases in f , since:

∂π∗
S,α,f

∂f
= −(pH + pM)4B(B + lf) − ϵ

4(B + lf)2 − (V − (pH + pM)f)2B(B + lf) − ϵ

2(B + lf)3 < 0,

since ∆p∗
α,f ≥ 0 and V − (pH + pM)f > 0 imply B(B + lf) ≥ ϵ(V − (pH + pM)f) ≥ ϵ.

A.7 Proof of Proposition 9

With uninsured debt, only the expected utility of the manager changes and equals

πM,α = α(V + ∆pB − (pH + pM)f + ∆plf) + (1 − pLlγ)f − ∆p2ϵ

2 .
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The incentive constraint follows from the first-order condition, ∂πM,α

∂∆p
= 0, and equals

α = ∆pϵ + lfγ

B + lf
.

In order for the manager to participate it has to hold that πM,α ≥ 0, which is always

fulfilled since

πM,α = ∆pϵ + lγf

B + lf
(B + lf)∆p + ∆pϵ + lγf

B + lf
(V − (pH + pM)f) − ∆p2ϵ

2 + (1 − ∆plγ)f

= lfγ + ∆p2ϵ

2 + +∆pϵ + lγf

B + lf
(V − (pH + pM)f) > 0.

Shareholders’ expected payoff is

πS,α =
(

1 − ∆pϵ + lγf

B + lf

)
(V − (pH + pM)f)

= V + ∆p(B + lf) − (pH + pM)f − ∆pϵ + lγf

B + lf
(V − (pH + pM)f) − ∆p2ϵ − ∆plfγ.

The optimal level of risk taking follows from the first-order condition ∂πS,α

∂∆p
= 0 and equals

B + lf − ϵ

B + lf
(V − (pH + pM)f) − 2ϵ∆p − lfγ

∆p∗
α = B + lf(1 − γ)

2ϵ
− V − (pH + pM)f

2(B + lf)

The second term of ∆p∗
α is the same as in the case with insured deposits and is decreasing

in f , increasing the optimal risk taking. Unlike the case of insured deposits where the

first term is independent of f , in this case it is increasing. Therefore, ∆p∗
α is increasing

in f .
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The expected payoff of shareholders given the optimal risk taking is

π∗
S,α =∆p∗

α

(
B + lf(1 − γ) − ϵ

B + lf
(V − (pH + pM)f) − ∆p∗

αϵ

)
+

(V − (pH + pM)f)
(

1 − lfγ

B + lf

)

=(V − (pH + pM)f)
(

1 − lfγ

B + lf

)
+ ∆p∗2

α ϵ.
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