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Abstract

Using a simple symmetric principal-agent model of two banks, this paper

studies the e�ects of both bailouts and bonus taxes on risk taking and man-

agerial compensation. In contrast to existing literature, we assume �nancial

institutions to be systemic only on a collective basis, implying support only if

they collectively fail. This too-many-to-fail assumption generates incentives

for herding and collective moral hazard. If banks can anticipate bailouts,

they can coordinate on equilibrium where they collectively incentivize higher

risk-taking. A bonus tax can prevent this market failure, even if it is imple-

mented unilaterally: proper bonus taxation reduces risk-taking of the taxed

bank and, consequentially, rules out the equilibrium with high risk-taking

of both banks. In preventing market failure due to banks collective moral

hazard, bonus taxation reestablishes market discipline.
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1 Introduction

In the recent �nancial crisis, some important observations about the character-

istics of the �nancial market, its players, contagion e�ects and policymakers' re-

sponse could be made. Governments and central banks have been faced with

troubled banks and a challenging tradeo�: should they allow bank insolvencies,

which would lead to contagion e�ects and thus to enormous welfare losses, or

should they rescue them and let the public pay for the losses. In addition, while

banks were rescued using huge sums of money from the taxpayer, the public de-

bated about high compensation payments considered to be unfair, especially in

banking industries. Policymakers included this item in their discussions and partly

responded by reforming the tax treatment of managerial compensation, e.g. by

imposing bonus taxes.

This paper combines three aspects from the �nancial crisis: a) the systemic risk

of �nancial institutions that are not systemic individually but on a collective basis,

b) high compensation payments to bankers, and c) bonus taxation. By analyzing

these aspects in a principal-agent model of two banks, the paper presents e�ects

of a) bailouts and b) bonus taxation on managerial incentives and risk taking.

In this model, if agents have to be incentivized to select a project only when its

success probability is high enough, then anticipated bailout increases risk-taking.

Moreover, we show how bonus taxation reduces overall risk taking. While leading

politicians emphasized the necessity of a coordinated approach with all major

economies implementing the tax at a global level1, the results suggest that also

unilateral bonus taxation eliminates an equilibrium with high risk taking and

causes positive external e�ects on other countries.

There are two main opportunities for banks to become systemic: on the one

hand, banks may be large and thereby systemic on an individual level, i.e. they

are �too big to fail�. On the other hand, banks may be too small to be too-big-to-

fail, but strongly interconnected and thereby systemic collectively, i.e. �too many

to fail�. While the �rst opportunity has already been studied in the literature,

this paper focuses on the latter opportunity. We assume that only simultaneously

failing banks receive a bailout. A single failing bank is not going to be bailed out.

1See �For Global Finance, Global Regulation� (Gordon Brown and Nicolas Sarkozy, Wall
Street Journal 2009, Dec 9): �[...] action that must be taken must be at a global level. No one
territory can be expected to or be able to act on its own.�
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In the last decades, �nancial markets have integrated more and more, and in

this move also cross-border banking increased.2 Degryse et. al (2010) have shown,

that this increase in cross-border banking also caused an increase of �nancial

contagion by banks. For policymakers, this is relevant when it comes to the

decision whether or not to bail out failing banks. Irrespective of size, the more

interconnected a bank is, the more systemic it is. This is especially the case, if

banks can increase the likelihood of a bailout by correlating their investments. In

the extreme, both are either successful, or fail simultaneously, thereby exerting

higher pressure on the regulator for a bailout. For the possible future regulator,

this leads to the uncomfortable situation where he would like to prevent banks'

incentive to coordinate, but cannot credibly commit to a no bailout-clause.3

Another issue in the public debate were high compensation payments and

its taxation. From an economic point of view, asymmetric information calls for

bonus payments in order to incentivize the agent to act in the principal's interest.

Nevertheless, it has been considered as unfair that bankers receive high bonus

payments in times in which taxpayers have to bear the costs of their decisions.

In response to that, several countries introduced a surtax on managerial bonuses.

For the �scal year 2009-2010, the UK introduced a 50% bank payroll tax which

was levied on bonus payments for bankers higher than 25.000 GBP (UK Finance

Act 2010, Schedule 1). Likewise, other countries raised bonus taxes for banks

supported by the government: in 2011, Ireland introduced a 90% tax, while the

US House of Representatives approved such a 90% tax already in March 2009.4

The results of the model propose the following: If banks can anticipate bailouts,

market discipline weakens in terms that banks incentivize their bankers to take

on higher risk. In a situation without bonus taxation, banks foresee that they

are systemic in a herd and thus can coordinate on an equilibrium with high risk

taking, taking advantage of the systemic risk they collectively cause. If, on the

other hand, bankers' bonuses are taxed properly, then the taxed banker requests

a higher gross bonus payment to be compensated for the additional tax burden.

Thereby incentives for risk taking become more expensive such that a proper

2For an analysis of cross-border banking in Europe see Allen et. al (2011).
3See Acharya and Yorulmazer (2007) for an explanation of the di�erences between too-big-

to-fail and too-many-to-fail and an analysis of time-inconsistency in bank closure policies.
4See �Ireland to reintroduce 90% bank bonus tax� (guardian.co.uk 2011, Jan 26) and �Bonus

Tax Heads to Senate After House Passes 90% Levy� (bloomberg.com 2009, Mar 20).
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bonus tax can circumvent excessive risk taking in equilibrium. Moreover, for the

equilibrium with excessive risk taking to break down, it is su�cient if only one

manager is subject to a bonus tax. Then, bonus taxation reestablishes market

discipline as it prevents market failure due to banks' collective moral hazard.

2 Related Literature

With respect to literature, this paper belongs to several strands of literature. In

terms of methodology, it is related to the literature on executive compensation

and especially to the literature on delegated expertise. This literature in large

parts focuses on e�cient or optimal contracting by using agency theory.5 There,

a �rm owner has to incentivize a manager to act in his interest but is exposed to

an information asymmetry, which may lead to shirking or moral hazard by the

manager. In standard models of the agency literature (see Jensen and Meckling,

1976, Holmström, 1979, and Grossman and Hart, 1983, among others), agents

typically are assumed to exert e�ort in order to increase (the probability of high)

pro�ts. As they dislike e�ort and e�ort is not directly observable by the principal,

an agency problem arises.

In the literature on delegated expertise, in general, a delegated expert can

acquire superior information about a random state of nature and then take a de-

cision based on this information. The principal can only observe the outcome,

but does not know on which information the agent's decision was based. Thereby

a con�ict of interest is created. In contrast to literature, this paper abstracts

from costs to acquire superior information, but assumes that the agent already

has this expertise.6 Thereby it is closest related to Lambert (1986), as the agent

subsequent does not receive a noisy signal on the success probability of projects,

but can observe the actual success probabilities. Given this knowledge, the agent

5Another perception on executive compensation is the managerial power approach, mainly
brought forward by Bebchuk et al. (2002), Bebchuk and Fried (2003) and Bebchuk and Fried
(2004). In contrast to e�cient-contracting, they believe in powerful, rent-seeking agent that
are able to in�uence their own pay. For an overview on the contributions in both strands of
literature see Frydman and Jenter (2010) and Murphy (2013).

6Existing papers di�er in their assumptions on costs of information. Some assume information
costs to be �xed (Lambert (1986), Gromb and Martimort (2007), Core and Qian (2002)), while in
others agents can take continuous e�ort that improves information quality (Malcomson (2009),
Feess and Walzl (2004), Barron and Waddell (2003)). Crémer and Khalil (1992) assume that the
agent can acquire information already before signing the contract, but show that the optimal
contract will abstain from incentives to invest in information.
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decides whether or not to invest in a risky project.7 Thus, the contract must

provide su�cient incentives to circumvent moral hazard in deciding upon an in-

vestment. For optimal contracts, Palomino and Prat (2003) have shown that a

bonus contract best aligns interests between principal and agent, when the agent's

task is the selection of a portfolio of risky �nancial assets. In contrast to other

models, there the agent does not have to acquire additional information, but has

to incur costs in order to be able to invest in a risky project at all.

A second strand of literature this paper belongs to, is the literature on systemic

risk due to a too-many-to-fail problem. While Brown and Dinc (2009) a�rm with

their empirical �ndings the relevance of the too-many-to-fail problem, Acharya and

Yorulmazer (2007) and Acharya (2009) show with their models banks' incentives

to herd and to correlate their bank assets and returns, especially when they are

small in size. Thereby, banks increase both economy-wide aggregate risk and the

likelihood that many banks fail together. Acharya and Yorulmazer (2007) account

for the time-inconsistency in bank closure policies, while Acharya (2009) suggests

implementation of regulation at a collective level where banks are required to

hold greater capital against general risk than against speci�c risk. Farhi and

Tirole (2012) investigate, that anticipated bailouts also lead to high levels of short-

term debt, high leverage and wide-scale maturity mismatch and thus to collective

moral hazard. As a result, they claim optimal policy intervention as a reduction

of interest rates and the use of direct transfers only when a large fraction of banks

is a�ected by a crisis.

For bonus taxes, e�ects have been studied empirically and theoretically.8 Von

Ehrlich and Radulescu (2012) empirically analyze the e�ects of the UK bank pay-

roll tax on compensation payments. Their �ndings suggest that the bonus tax

caused a reduction in bonus payments of 40%. However, this reduction was ac-

companied by an one-to-one increase in other pay components not subject to the

tax. Altogether, the bonus tax did not a�ect overall compensation. Theoretically,

7With respect to the choice set for the agent's decision, di�erent assumptions are made in the
literature. While, alike in this paper, in Core and Qian (2002), Barron and Waddell (2003), Feess
and Walzl (2004) and Gromb and Martimort (2007) the agent only decides upon investing or
not, Lambert (1986), Demski and Sappington (1987) and Malcomson (2009) allow for di�erent
actions to take or projects to choose from.

8A review on literature analyzing systemic externalities of bank failures is provided byWagner
(2010). For a broader analysis of proposed and discussed tax measures on the �nancial sector,
e.g. a Financial Transactions Tax, see Shackelford et al. (2010), Keen (2011a) and Devereux
(2011). Brunnermeier et al. (2009) state principles of �nancial regulation.
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e�ects of bonus taxation have been studied mainly in principal-agent models. As-

suming a risk-averse agent, Dietl et al. (2013) analyze how a bonus tax a�ects the

composition of compensation payments and executives' incentives to exert e�ort.

E�ects in their model depend on agent's degree of risk aversion and the variance

in �rm value. By extending the agent's choice set - next to e�ort - to risk taking,

Grossmann et al. (2012) observe an e�ect opposed to ours. They �nd that a

bonus tax induces the agent to reduce e�ort and to increase risk-taking as the

agent's marginal cost of risk decreases more than his marginal revenue. The com-

pensation structure shifts towards a �xed salary. A comparison of di�erent kinds

of bonus taxation has been done by Hilmer (2013). The paper shows that a bonus

tax and limited deductibility of bonus payments from the corporate income tax

have similar distortionary e�ects in reducing e�ort and net bonuses and thereby

reduce welfare. In contrast to bonus taxation, welfare even can be increased by

paying a subsidy for bonus payments. Radulescu (2012) studies the e�ects of a

bonus tax in a two-country framework with endogenous or exogenous reservation

wages. In her model, an unilateral bonus tax leads to a decline in e�ort, while

incidence mainly falls on the �rm's shareholders. Results are largely similar when

she allows for an endogenous reservation wage, but depend on the strength of the

negative reaction of the reservation wage to the bonus tax. Thanassoulis (2012)

emphasizes the negative externality of competition. He �nds that remuneration

is increasing when banks compete for the best teams of bankers. In turn, higher

remuneration also drives up expected costs of bankruptcy of competing banks.

Besley and Ghatak (2013) model bonus taxation in presence of the exter-

nality of bailouts due to a too-big-to-fail problem and analyze a situation with

three groups of citizens: consumers, �nancial intermediaries and �nancial sector

workers. They �nd that a situation with bailout guarantees and without bonus

taxation is ine�cient and inequitable. Moreover, a bonus tax, above and beyond

standard progressive income taxation, can correct the distortion in �nancial sector

workers' e�ort and risk-taking a bailout causes.9

This paper contributes to the literature, as it analyzes the e�ects of anticipated

bailouts on bonus payments and risk taking and their reactions to a bonus tax.

9Keen (2011b) does not model bonus taxes, but also adresses the problem of taxing or
regulating banks under presence of systemic risk. He �nds, that corrective taxation requires
a progressive tax on the bank's borrowing. Tax policy can be further supported by minimum
capital requirements.
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Literature has dealt with this problem for systemic risks due to too-big-to-fail10,

but there is not yet research on the e�ects of bonus taxation due to a too-many-

to-fail problem. As too-big-to-fail only covers large banks and already is in place

if only one bank fails, the too-many-to-fail analysis is a meaningful extension

which includes smaller banks and collective moral hazard into the analysis. This

is especially interesting, when �scal jurisdiction only covers a subset of banks such

that regulation can not capture all banks collectively. For this analysis, the model

is restricted at times in a way that makes it possible to examine the e�ects of

bonus taxation that only adresses one bank.

In the following section, we introduce the general model and derive benchmark

results with only one bank. In section 4, the model will be extended towards two

banks, where the agents of both banks simultaneously decide on project imple-

mentation while they anticipate a bailout if banks fail simultaneously. Section 5

illustrates, how a bonus tax leads to reduced risk taking, both when imposed on

one manager only or on both managers. Section 6 concludes.

3 One Bank - Benchmark

Model

The model speci�cation is as follows: There is one risk-neutral shareholder (prin-

cipal) who delegates the task of implementing a project to a risk-neutral manager

(agent). This is done by o�ering a take-it-or-leave-it contract to the manager,

whose payo� is subject to a limited liability constraint and who has an exogenous

outside option u ≥ 0. If the manager accepts the contract, he decides whether or

not to invest into a risky project R. One could think of project R as a possible

investment in subprime mortgages. If he decides against project R, no further

costs arise for the manager and investment will take place in a safe asset S. Asset

S generates a payo� s ≥ 0 in any state of the world, e.g. Pr (s | S) = 1. In

case the manager wants to invest in R, he faces �xed costs C > 0 for imple-

10Hakenes and Schnabel (2013) show how bonuses change when bailouts can be anticipated.
Similar to this model, an anticipated bailout increases bonuses and risk-taking in their analysis.
In contrast to this model, Hakenes and Schnabel (2013), alike Besley and Ghatak (2013), study
the too-big-to-fail problem. In additon, they do not analyze the e�ects of bonus taxation.
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menting the project.11 Once implemented R, there exist three states of the world

with corresponding returns rH > s ≥ 0 > −rL and their respective probabili-

ties Pr (rH) = pi, Pr (s | R) = q and Pr (−rL) = (1− pi − q). As pi ∈ (0, 1)

and q ∈ (0, 1), each return is realized with some probability. This implies a �rst

informational advantage of the manager vis-á-vis the principal: ex post only re-

alizations rH , s and rL are observable, respectively, but not the agent's actual

investment. As the payo� s can occur with or without implementing R, the prin-

cipal can not perfectly infer whether the agent has implemented the risky project

or not.

In addition, it is assumed that there is a second source of information asym-

metry between the principal and the manager which regards the pro�tability of

the risky project R. While the manager (as an expert) before contract signing

knows the actual sucess probability pi, the principal only knows the distribution

of possible sucess probabilites pi.
12 Thus, information asymmetry accrues as the

principal can not observe on which information the manager based his decision

on project implementation. For the principal, this problem is especially severe if

R is pro�table for some probabilities pi, while it is not pro�table for other prob-

abilities pi. To analyze this problem and for simplicity, we assume that there

exist two di�erent probabilites pi (with i ∈ {l, h}) that the project yields the high
return rH : pl < ph. When nature draws the possible probabilities pl and ph before

the contracting stage, both the principal and the manager learn about them. In

contrast to the principal, the manager not only learns the set of possible prob-

abilities {pl, ph} and their respective likelihood of occurrence, he also receives a

perfect signal about the actual sucess probability - either pl or ph - before the

take-it-or-leave-it contract is o�ered to him.For the likelihoods of occurrence, it

is assumed that the high sucess probability ph occurs with probability γ ∈ (0, 1),

while the low sucess probability pl appears with probability (1− γ). Finally, if

the agent accepts the contract, he chooses whether to implement R at a cost C

or not. Afterwards, returns are realized and payments are made.

11For simplicity, we assumed costs for investment into S to be zero. Nevertheless, results do
not change qualitatively if we allow for costs of the safe asset CS > 0, as long as C > CS .

12Following Lambert (1986), an agent can also acquire superior information by investing in
knowledge after contract signing. As the focus here are compensation payments and taxation
rather than the agent's information acquisition, the assumption of the agent's ex ante superior
information simply�es the analysis, but is not crucial.
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Compensation Payments

The principal needs a compensation structure that provides incentives for the

agent to make an appropriate decision on the basis of his superior information.

Thus, as compensation for the task of operating the company and implementing

the investment project, the manager is o�ered a state-contingent wage. This pays

a �xed wage A if the outcome is (−rL), a wage Y if the outcome is s, and a bonus

additionally to the �xed wage A if the outcome is rH . For the bonus, the principal

remits b ≥ 0 as a fraction of payo� rH , which yields a total payment of (A+ brH)

if the outcome is rH . As the principal makes losses when the outcome is (−rL),
he has no means to credibly commit to a �xed wage A > 0. As the manager is

constrained by limited liability, this implies A = 0.13 Similarly, the principal is

�nancially not able to pay Y > s. At the same time, it will not be optimal for him

to pay Y > u. In this case, either suboptimal rent payments to the agent would

be necessary, or the agent would always choose S rather than R.14 At the end, s

and u maily have e�ects on the pro�tability of the safe asset S, which depends on

whether s ≤ u or s ≥ u, and thereby set a payo� threshold for the risky project.

For the sake of simplicity, we assume s = u = 0 and refer to the safe project S as

�no project�.15 This assumption immediately implies Y = 0.

In expectation, the manager's compensation EC when implementing the risky

project amounts to EC = pibrH while he faces costs C for this task. By as-

sumption, the agent maximizes his expected net compensation with respect to his

choice of accepting the contract or not and with respect to his investment choice.

Without further costs (e.g. for e�ort), the manager is faced with a tradeo� on

the extensive margin rather than on the intensive margin (e.g. between marginal

expected bonus and marginal e�ort costs).16 As he knows the probabilities pi and

13Even if the principal receives a bailout rL, he has no means to pay A > 0. But even
if he had, a bonus would still be necessary to incentivize the agent to implement R only for
such probabilities pi for which it is pro�table in expectation. Otherwise, the manager would,
protected by his limited liability, also implement projects that harm the principal.

14If Y > u, the agent shirks and never implements R unless the principal increases b. This
leads to rent payments to the manager. For all remaining 0 ≤ Y ≤ min {s, u}, both principal
and manager are indi�erent in absence of bonus taxation. With bonus taxation, Y optimally
saties�es Y = min {s, u}.

15This simpli�cation has no qualitative implications for the analysis of too-many-to-fail poli-
cies and bonus taxation. Rather, it has a level e�ect on the principal's expected payo� for both
S and R (as the principal does not have to compensate the manager for u) and a constant e�ect
on the tradeo� between implementing R rather than S (depending on the di�erence (s− u)).

16This paper abstracts from e�ort choices as the focus shall be on the e�ects of bonus taxation
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q and as u = 0, he will accept any contract for which his expected compensation

equals or exceeds implementation costs C, and reject the contract for expected

payments below.

As the agent's expected net-compensation pibrh is linear in pi, there exists

a threshold p̂ which determines whether or not to accept the contract. For all

pi < p̂, the environment to invest into the risky project is too unsafe. In expec-

tation, the high (low) cash �ow rH (rL) emerges too seldom (often) in order to

yield an expected compensation higher than C. For the opposite case of p > p̂,

the probability of the high (low) cash �ow rH (rL) is large (small) enough to out-

perform C. In summary, the agent will reject the contract whenever pi < p̂, and

accept the contract for all pi ≥ p̂ (being indi�erent for pi = p̂).

Following the arguments above, the threshold p̂ is characterized by a binding

Participation Constraint given the bonus payment b by the principal:

p̂ =
C

brH
. (1)

Optimization Problem Principal

Taking the agent's optimality condition (1) into account, the principal in the �rst

stage chooses a bonus parameter b which maximizes his expected payo� EP . The

principal has no knowlegde about the sucess probability pi, but knows all possible

probabilities {pl, ph} and their likelihood to occur. His maximization problem

then is:

maxb [(1− γ) (pl (1− b) rH + (1− pl − q) (−rL)) + γ (ph (1− b) rH + (1− ph − q) (−rL))](2)

s.t.

pibrH ≥ C (3)

As explained, equation (3) shows the agent's Participation Constraint (PC),

which the principal has to consider. It states that the agent will only accept the

on the implemenation of risky projects (in contrast to distortions of managerial e�ort). For the
e�ects of a bonus tax on managerial e�ort, it shall be refered to existing studies as Radulescu
(2012), Dietl et al. (2013) or Hilmer (2013).

10



principal's take-it-or-leave-it o�er if his expected compensation at least remuner-

ates him for the exogenous costs C ∈ R+ of implementing the risky project.17 For

the Principal, it is clearly optimal to choose a bonus payment which makes the

agent's Optimality Condition (1) binding for the lowest probability p∗i for which

he wants to implement the risky project, thus p̂ ∈ {pl, ph} and b∗ ∈
{

C
phrH

, C
plrH

}
.

Corollary 1. Assume that a principal wants the manager to implement the risky

project R only if he received a signal pi = ph, thus p̂ = ph. Then, optimal com-

pensation is given by bh =
C

phrH
.

Consider a situation, where the principal may want to implement R only for

the high sucess probabililty ph. If he pays a bonus b < C
phrH

, the manager rejects

the principal's contract o�er both when he observes pl or ph. Thus, R will not

be implemented for the sucess probability ph even if desired by the principal. If,

on the other hand, the principal o�ers a bonus b > C
phrH

, he pays a higher bonus

than needed to incentivize the manager to accept the contract for a signal ph.

This unnecessary high bonus leaves a rent to the manager, lowers the principal's

payo�, and therefore can not be optimal for him.

Corollary 2. Assume that a principal wants the manager to implement the risky

project R both for signals pi = pl and pi = ph, thus p̂ = pl. Then, optimal

compensation is given by bl =
C

plrH
.

The same argument as above applies if the principal wants to implement R

for both pl and ph. For bonuses b <
C

plrH
, the manager would reject the contract,

while b > C
plrH

implies an ine�cient high bonus. Thus, the principal only pays

bonuses b∗ ∈
{

C
phrH

, C
plrH

}
. For the �rst one, the agent accepts the contract only

for a signal ph, while he accepts the contract for signals ph and pl if he receives

the latter (steeper) bonus.

Equilibrium

In order to determine the optimal investment strategy, the principal compares the

two di�erent possible expected payo�s EPl and EPh when incentivizing p̂ = pl

17Note: an Incentive Compatibility Constraint (ICC) is not necessary for this maximization
problem. As u = 0, Y = 0 and C > 0, the ICC for implementing R rather than S (given by
(pibrH + qY − C ≥ Y )) is ful�lled whenever the PC (pbrH + qY − C ≥ u) is ful�lled.
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or p̂ = ph with each other. Substituting the respective optimal compensation

schemes from Corallaries 1 and 2 into the expected payo� (2), we get:

EPl = (1− γ) [plrH − C − (1− pl − q) rL] + γ

[
phrH −

ph
pl
C − (1− ph − q) rL

]
(4)

EPh = 0 + γ [phrH − C − (1− ph − q) rL] (5)

Equation (4) denotes the principal's expected payo� EPl if he incentivizes the

manager to accept the contract for all pi ≥ p̂ = pl. For the manager to accept the

contract for pl, the principal has to pay a bonus bl =
C

plrH
. As for pl the sucess

probability is low compared to ph, the principal has to give a high share b in

order to compensate the manager for his implementation costs C. Due to the fact

that b stays constant, but the sucess probability is higher for ph, the manager in

expectation gets compensated for C if the signal is pl, but earns a rent
(
ph
pl
− 1
)
C

if the signal ph. In return, the principal increases his probability of investing into

the risky project (i.e. that the manager accepts the contract and implements R),

thereby increasing the chance (risk) to earn rH (lose rL).

If the principal on the other hand only incentivizes acceptence of the high

probability ph (equation (5)), he pays a bonus bh = C
phrH

which in expectation

perfectly compensates the agent for the implementation costs C if the actual

sucess probability is ph. By that, the agent will not accept the contract for pl and

the principal earns 0 with probability (1− γ).

Lemma 1. Suppose that pl <
C
rH
. Then, there exists a unique equilibrium (b∗, p̂∗)

where the principal chooses to o�er a bonus rate b∗ = bh =
C

phrH
if and only if

ph ≥
C + (1− q) rL

rH + rL
≡ p̂∗. (6)

The agent accepts the contract and implements the risky project for all ph ≥ p̂∗.

Otherwise, no contract will be signed.

Proof. Directly follows from a comparison of equations (4) and (5). If pl <
u
rH
, it

follows EPl < EPh. EPh ≥ 0 if and only if ph ≥ C+(1−q)rL
rH+rL

.

As explained above, the principal is faced with a tradeo�: he can either pay
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a rent to the agent, thereby increasing the chance (risk) to earn rH (lose rL), or

he can choose to implement the risky project only for pi = ph, thereby avoid rent

payments, but also abandon possible additional pro�ts. In order to induce an

agency problem with respect to project choice, we assume that the lower sucess

probability pl is too small to generate a positive payo� in expectation. Thus, it

will be assumed that pl <
C
rH

from which follows EPh > EPl ∀γ.18 Consequently,

as the principal maximizes expected payo�, he o�ers a bonus bh to the agent, who

will only accept the contract if pi = ph. For the principal, this is only pro�table if

the sucess probability ph is high enough, i.e. ph ≥ C+(1−q)rL
rH+rL

as he only then earns

an expected payo� EPh ≥ 0.19

4 Two Banks

Extending the model towards a framework with two banks k ∈ {1, 2} (with Prin-

cipal k and Agent k) allows to analyze the impact of a �too many to fail� problem.

The banks are assumed to be symmetric with an identical principal-agent struc-

ture and similar decision structures with respect to the risky project. Thus, all

moves as the take-it-or-leave-it contract o�er and the decision on project imple-

mentation take place simultaneously and are therefore not observable by the other

bank. Strategic choices available for each bank and possible project returns on

the other hand are common knowledge. This is especially the case as banks are

assumed to have the identical project R available to invest in. By this assump-

tion, risks are perfectly correlated for both banks: if both invested into R, either

both are sucessful, or both fail. Up to that point, nothing changed with respect

to bank's strategic choices or expected payo�s vis-à-vis the one-bank case. This

changes when introducing a �too many to fail� problem, as banks' losses in case

of a crisis possibly are carried over by a bailout. For banks, this implies a mod-

i�cation regarding project implementation choices: next to individual choices,

18Without assuming pl <
u
rH

, the principal may want to incentivize also the probability pl.

He could pay a �xed wage A = C
1−q and b = 0 and the agent would accept the contract for all

pi without having an agency problem in the project choice occuring. With bonus taxation, this
is the only case where the restriction on A = 0 makes a qualitative di�erence.

19In fact, the results of Lemma 1 hold already if γ
(

ph

pl
− 1
)
C >

(1− γ) (plrH − C − (1− pl − q) rL). By that, the principal's increase in expected payo�
by implementing pl and ph rather than only ph, i.e. (1− γ) (plrH − C − (1− pl − q) rL), is
smaller than the additional expected incentive costs of a rent to the agent, i.e. γ

(
ph

pl
− 1
)
C.
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collective risk choices are important to increase the likelihood of a bailout.

The �too many to fail� problem

Assume the governemnt can decide whether it grants �nancial support to �nan-

cially distressed banks.20 Thereby, it is faced with a tradeo� between gains of

a bailout (corresponds to welfare costs associated to bank insolvencies) and the

cost associated to this action. From a welfare perspective, it will be optimal for

the government to bail out banks only if the gains of a bailout are not less than

its costs. Assume that both costs and gains depend, next to money involved,

on the number of banks failed (with n ⊆ k being the number of banks failed).

Thus, it is assumed that society can stand one failing bank without high welfare

losses, but cannot sustain �nancial markets if two (or more) banks fail at the same

time. While banks are not systemic on an individual basis, they are systemic on

a collective basis, yielding a too-many-to-fail problem if more than one bank fail:

De�nition 1. If a too-many-to-fail problem is present, government chooses to

bail out banks whenever their bankrupcty becomes a systemic risk. In contrast

to a too-big-to-fail problem, this is only the case if more than one bank fail at the

same time, i.e. for n > 1. In this case, the government takes over banks' losses

from the risky project.

In deciding whether a bailout is bene�cial, the goverment compares the costs

of a bailout to the gains of rescuing failing banks. Assume costs and gains of

bailouts follow functions C (n, rL) and G (n, rL), respectively. If only one bank

invests into the risky project and fails, costs and gains of supporting the bank

are C (1, rL) and G (1, rL), respectively. As society can stand one failing bank

without high welfare losses, a single failing bank does not spread systemic risk

in the �nancial system and thus G (1, rL) ≯ C (1, rL). As a result, a single bank

will not be bailed out if it invested in subprime mortgages and failed. If however

both banks invest into the subprime mortgages at the same time, then also both

only fail together as risks are perfectly correlated. In this case, costs and gains

of bailouts are C (2, rL) and G (2, rL), respectively. Due to the systemic risk

inherent in a collective bankruptcy of more than one bank, it will be optimal for

20Next to a direct cash-payment to failed banks, a bailout also can be interpreted as var-
ious institutions granting �nancial support to �nancially distressed banks, e.g. non-standard
measures by the ECB or the Troubled Asset Relief Program (TARP) of the US government.
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the government to grant �nancial support to both banks as G (2, rL) > C (2, rL).

Equilibrium with anticipated bailouts

Expecting a future bailout as de�ned above, either because of communication

thereof or by anticipating the unjusti�able welfare losses a breakup of the �nancial

system would cause, banks may change their bonus payments and risk taking in

equilibrium. Let us assume for a moment, that both banks take the same decision

and therefore either both fail, or none.21 Then, the principal again (as in (4) and

(5)) compares expected payo�s with each other to determine the optimal cuto�

probability pBi , this time taking into account that the bank does not have to bear

losses in the bad state. Thus, rL = 0:

EPB
l = (1− γ) [plrH − C] + γ

[
phrH −

ph

pl
C

]
(7)

EPB
h = γ [phrH − C] (8)

Comparing (7) and (8), the principal has to take two decisions: �rst, he has

to prove which cuto� probability pBi in expectation yields a higher payo�, and

whether in expectation he can reckon with positive payo�s at all for the respective

cuto� probability p̂B = pl or p̂
B = ph. As before, a bank again will never choose

to incentivize the manager to accept the contract for the low success probability

pl as, due to plrH < u, EPh > EPl ∀γ. Therefore, the relevant question for the

principal is whether he should incentivize the agent to accept the contract and

to implement the project for the sucess probability ph. If the principal wants to

implement the project only for ph, he still has to pay a bonus bh =
C

phrH
. However,

taking the principal's downside of the risky project by granting a bailout, his

expected payo� increases for all EPB
i . Ceteris paribus, the project in expectation

yields a nonnegative payo� EPB
h already if ph ≥ C

rH
:= p̂B. Thus, implementation

of the risky project becomes pro�table also for sucess probabilities ph < p̂∗, i.e.

for sucess probabilities for which the project in absence of a bailout would yield

a negative expected payo� to the principal.

21As banks are symmetric in any aspect, this �assumption� will be a result in the two (sym-
metric) pure strategy equilibria illustrated in Lemma 3.
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Lemma 2. In absence of bailout policy, project implementation is pro�table for

the principal only for sucess probabilities ph ∈ Ph, Ph ≡ [p̂∗, 1). If there is a

bailout, project implementation becomes pro�table also for sucess probabilities ph ∈
Ph, Ph ≡ [p̂B, p̂∗).

Let us focus on sucess probabilities ph ∈ Ph. Whether there is a bailout at

all depends upon the other bank's decision, as by De�nition 1 banks only receive

a bailout if they collectively fail. Therefore, for sucess probabilities ph ∈ Ph, it

is only pro�table to implement the project if also the other bank implements the

project. If bank 2 does not implement the project, the project yields a negative

expected payo� for bank 1. Thus, each bank has two strategic choices with respect

to the o�ered incentive payments for the manager, depending on the other bank's

action: either, it will choose to pay a bonus according to Corollary 1 that optimally

incentivizes the manager to implement the project (�I�) for a signal ph, or the

bank does not o�er an appropriate bonus, the manager will reject the contract

and thus the project is not going to be implemented (�N�). For sucess probabilities

ph ∈ Ph, this gives us four combinations: (I, I), (I, N), (N, I) and (N, N). Fig.

1 summarises the expected net-payo�s of both banks for the four combinations,

provided that the government makes its decision as described in De�nition 1 and

that both banks choose their incentive pay optimally. In each cell the left entry

refers to bank 1 and the right entry to bank 2.

Figure 1: Expected net-payo� for principal of bank 1 resp.
2, if banks receive a bailout if both fail at the same time.

The payo� table shows two patterns, that result in two (symmetric) pure

strategy Nash Equilibria for sucess probabilities ph ∈ Ph:
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Lemma 3. Suppose that pl <
C
rH

and banks receive a bailout according to De�ni-

tion 1. Then, for sucess probabilities ph ∈ Ph, there exist two (symmetric) pure

strategy equilibria where both principals either

1. refrain from project implementation and do not o�er a contract to the man-

ager,

2. or implement the project by o�ering a bonus rate bh =
C

phrH
.

The pure strategy Nash Equilibrium with project implementation is payo� dom-

inant compared to refraining from implementation.

Proof. Banks' mutual best responses are �do not o�er contract (N) if other bank

does not o�er contract (N)� and �o�er bonus bh (I) if the other bank o�ers bh

(I)�. As EPB
h

(
Ph
)
> 0, the latter equiblibrium is payo� dominant compared to a

payo� zero.

In the �rst case, suppose bank 1 refrains from the project and does not in-

centivize the manager to implement the project for ph ∈ Ph. By De�nition 1,

irrespectively of bank 2's action, there will not be a bailout. If bank 2 implements

the project anyway, it risks to fail as a single, non-systemic bank and therefore

does not receive a bailout. By that, bank 2 has to bear possible losses itself

and earn expected payo� according to equation (5). But, as stated in Lemma 1,

project implementation without bailout is only pro�table if ph ≥ p̂∗, i.e. ph ∈ Ph.
Thus, the best response by bank 2 is to refrain from the project as well and earn

zero pro�t.

In the second case, assume bank 1 wants to implement the project for ph ∈ Ph
and o�ers a bonus bh = C

phrH
that will be accepted by the agent. In this case,

bank 2 can be sure to receive a bailout if it implements the project as well and

fails. Both banks together are collectively systemic and will be rescued. Knowing

this, investments become pro�table also for lower sucess probabilities ph ∈ Ph (as
EPB

h ≥ 0 for ph ≥ C
rH
). Thus, the best respond by bank 2 to higher risk taking

by bank 1 is to also increase risk taking by o�ering a contract for ph ∈ Ph as

well. In contrast to the one-bank case, the bank now neglects the expected costs

of failing as those are going to be socialized. The anticipated bailout provides

an externality to the bank such that it takes more risk than it would do on an

individual basis.
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Welfare implications of collective Moral Hazard

Whether an increase in risk taking is desirable or not depends on its welfare im-

plications and thus on assumptions on the welfare function and the succes proba-

bilities pi. As this paper focuses on e�ciency concerns rather than redistribution,

also welfare is assumed to be maximal when e�ciency is maximal. Thereby, an ef-

�cient outcome is assumed to be in place, if the principal would have implemented

it also in a �rst best world in absence of any externalities (e.g. bailout) and infor-

mation asymmetries (e.g. non-observability of the actual success probability by

the principal).

In absence of an agency problem, an optimal compensation scheme for the

principal pays the manager his implementation costs C whenever he implements

the risky project and zero if he does not. For these compensation costs, the

principal wants to implement the project as long as his expected payo� equals or

exceeds his own outside option, i.e. pirH − (1− pi − q) rL − C ≥ 0.

De�nition 2. An investment decision is e�cient if and only if pi ≥ C+(1−q)rL
rH+rL

≡
p̂opt.

Comparing the cuto� levels with information asymmetry p̂∗ and with distorted

risk taking due to an anticipated bailout p̂B to the e�cient investment decision

de�ned above, the following has been shown:

Proposition 1. Suppose banks are aware of the potential systemic risk they col-

lectively can cause and thus can expect a bailout if they jointly fail. Then, they

can coordinate on an equilibrium where both take on higher risk than the socially

desirable level they would decide upon on an individual level.

Proof. Directly follows from Lemma 1 - 3. As p̂B < p̂opt, a cuto� p̂B for ph is

socially not desirable, whereas p̂∗ = p̂opt is.

A comparision between Lemma 1, 2 and 3 demonstrates, how banks change

their project implementation decision, and by that risk taking, when they are sys-

temic on a collective basis and hence can anticipate bailouts. While the presence

of information asymmetry between principal and agent does not cause welfare

e�ects (as p̂∗ = p̂opt) and thus project implementation is only pro�table for sucess

probabilities ph ≥ C+(1−q)rL
rH+rL

, the presence of a too-many-to-fail bailout policy does

cause such e�ects. As Lemma 2 shows, when banks can anticipate that they will
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be rescued if they failed, both principals increase their expected payo� by increas-

ing risk taking. Project implementation becomes pro�table already for sucess

probabilities ph ≥ C
rH

(with C
rH

< C+(1−q)rL
rH+rL

). Thus, they are willing to implement

projects with sucess probabilities lower than the socially desired level p̂B < p̂opt.

This is due to the fact that the principal has to bear a real risk and losses of

−rL < 0 when there is no bailout, while he will not su�er losses when there is a

bailout. Thus, the principal will accept risky projects also for lower success prob-

abilities for which he would not incentivize the manager in absence of a bailout.

As a bailout will only be executed if two banks fail at the same time, Lemma

3 highlights that higher risk taking is indeed an equilibrium if banks anticipate

the bailout policy. Moreover, this equilibrium is payo� dominant compared to

the equilibrium where both banks refrain from implementing the project and stay

with their outside option for ph ∈ Ph. Thus, when anticipating bailouts due to

a too-many-to-fail systemic risk, banks can coordinate on a socially undesirable

equilibrium where both increase their risk taking by implementing risky projects

also for lower sucess probabilities.

5 Bonus Taxation

To analyze the welfare e�ects of a bonus tax under existence of too-many-to-fail

bailout policies, an additonal stage will be introduced into the model: before

the take-it-or-leave-it contract is o�ered to the manager, the government can

implement a bonus tax. Introducing this, bonus payments become subject to a

bonus tax, tb ∈ [0; 1), which has to be paid by the managers. Therefore, from gross

compensation pibrh, managers only receive expected net-compensation payments

of pi (1− tb) brh < pibrh if they accept the contract.

E�ects of a tax on managers' bonuses

Assume that the government introduced a bonus tax for bonus payments to the

manager. As the manager now has to bear the additional tax burden, also his

optimal threshold level p̂ changes to:

p̂t =
C

(1− tb) btrH
. (9)
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For a given bonus b, a bonus tax will lead to an increased threshold level p̂t for

the minimum success probability for which the manager accepts the contract. Or,

if the principal wants to incentivize a given threshold level p̂, the bonus payment bt

to the manager has to be increased in a way, that the manager is fully compensated

for the bonus tax. In either way, a bonus tax in expectation is associated with

higher costs for the principal, either in terms of lost expected pro�ts due to a

higher threshold probability, or in terms of higher compensation payments.

Again, banks can expect a future bailout as denoted in section 4 when both

banks take the same actions. In addition, the principal now takes into account the

associated costs from the bonus tax when deciding upon the optimal threshold

probability p̂t. Thereby, expected payo�s (7) and (8) for the di�erent threshold

levels pl and ph change to EP
t
l and EP

t
h:

EP t
l = (1− γ)

[
plrH −

C

(1− tb)

]
+ γ

[
phrH −

ph

pl

C

(1− tb)

]
(10)

EP t
h = γ

[
phrH −

C

(1− tb)

]
(11)

As seen in section 4, an expected bailout in�uences possible additional pro�ts

by eliminating the risk of loosing rL. The newly introduced bonus tax on the

other hand a�ects the costs of incentive payments. While net incentive payments

to the agent stay constant, the principal's costs of incentive payments increase

the higher the bonus tax is. Therefore, it becomes more and more expensive to

incentivize the agent to accept the contract.

Whether or not a bonus tax can reverse the principals distorted risk taking of

ph ∈ Ph ∪ Ph in presence of bailouts back to the benchmark threshold ph ∈ Ph,
depends upon the extent to which bonuses are taxed. In order that it is pro�table

for the principal to incentivize the manager to implement the project solely for

ph ∈ Ph, the cuto� probability under taxation p̂t must equal the optimal cuto�

probability p̂∗ de�ned in Lemma 1. For the bonus tax to be e�ective in reversing

the threshold for the success probability in spite of bailouts to the benchmarkt,

the proper tax rate is given by tb =
rL((1−q)rH−C)
rH((1−q)rL+C)

.

Lemma 4. A bonus tax t∗b = rL((1−q)rH−C)
rH((1−q)rL+C)

is e�ective in reversing the threshold

probability from p̂B = C
rH

back to p̂t = p̂∗ = C+(1−q)rL
rH+rL

. Thereby, the bonus tax

exactly balances the externality a bailout entails and thus reduces bank's incentives
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for risk taking to the socially desired level.

When a bonus tax according to Lemma 4 is introduced, incentives change

for both principals compared to section 4. For any bonus payment they need

in order to incentivize the manager to act in their best interest, principals now

bear costs of b
1−tb

rather than only b. This increases costs and makes projects

(intendedly) unattractive which are pro�table wihtout bonus tax. As Lemma

4 describes, whenever banks coordinate on the payo� dominant equilibrium with

collective Moaral Hazard, the optimal bonus tax t∗b exactly balances the externality

a bailout entails. If tb < t∗b , it is still attractive for banks to invest into the risky

project when it is not desirable from a social welfare point of view, i.e. p̂t < p̂opt.

On the other hand, if tb > t∗b , the bonus tax is set too high and thereby prevents

socially optimal risk taking. In this case, banks will incentivize too little risk

taking as necessary incentive payments are too expensive, i.e. p̂∗ < p̂t. Only for

a tax rate t∗b , the cuto� probability for the risky project to be pro�table under

collective Moral Hazard p̂t coincides with the socially optimal cuto� probability

p̂opt. Therefore, only for t∗b , the bonus tax exactly balances the externality a

bailout entails.

Nevertheless, project pro�tability in big parts still depends on the expectation

of a bailout. In a similar fashion as in the case without bonus tax, banks have

comparable best responses as in Lemma 3 to strategies of the other bank. As

thresholds have changed due to the bonus tax, it is optimal to o�er the following

contracts to the agent:

Lemma 5. Suppose that pl <
C
rH
, banks receive a bailout according to De�nition

1 and the government introduces a bonus tax tb = t∗b . Then,

1. for ph < p̂t banks will not implement the risky project anymore.

2. for ph ∈ [p̂t, p̂t2) there exist two (symmetric) pure strategy equilibria (N, N)

and(I, I), where both principals either refrain from project implementation

or implement the project by o�ering a bonus rate bth =
C

(1−tb)phrH
. The latter

Nash Equilibrium is payo� dominant.

3. for ph ≥ p̂t2, there exists a unique equilibrium where both principals imple-

ment the project by o�ering a bonus rate bth.
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Proof. If tb = t∗b , EP
t
h ≥ 0 if and only if ph ≥ p̂opt. Individually, i.e. without

bailout, expected payo� γ
[
phrH − C

1−tb
− (1− ph − q) rL

]
≥ 0 if and only if ph ≥

p̂t2.

For ph < p̂t banks independently of each other will not implement the risky

project anymore as in expectation implementation would yield a negative payo�.

If on the other hand ph ∈ [p̂t, p̂t2), a bank's best response depends on the other

bank's action as seen in Lemma 3. Again, there exist two symmetric pure strategy

equilibria (I, I) and (N, N) where both banks either o�er a contract or not.

Suppose �rst one bank wants to implement the project for ph ∈ [p̂t, p̂t2). Then

the other bank should as well o�er an according contract to the agent as it can

expect a bailout to take place if it implements the project as well and fails. In

order to incentivize the manager correctly, an according contract is speci�ed by

a bonus payment bth = C
(1−tb)phrH

which is higher than the bonus bh = C
phrH

in

absence of a bonus tax. If on the other hand one bank does not implement

the project for ph ∈ [p̂t, p̂t2), then the other bank's best response is too abstain

from according incentive payments, too. Taking the risk on an individual basis

would be too expensive and leads to losses in expectation. Comparing the two

equilibria with each other, the equilibrium (I, I) with project implementation

for ph ∈ [p̂t, p̂t2) is again payo� dominant compared to the other. Thus, banks

can credibly coordinate to implement the project for ph ∈ [p̂t, p̂t2). Finally, for

ph ≥ p̂t2, there exists a unique equilibrium where both banks (independently of

each other) implement the project by o�ering a bonus rate bth. Also without

receiving a bailout, sucess probabilities ph ≥ p̂t2 are high enough to guarantee a

positive expected payo�.

Welfare implications of a Bonus Tax

Comparing the cuto� level with proper bonus taxation p̂t from Lemma 4 to the

�ndings denoted in Proposition 1, the following can be shown:

Proposition 2. Suppose banks are aware of the systemic risk they collectively

cause and coordinate on the payo� dominant equilibrium. Then, a bonus tax t∗b
for both banks is welfare improving. It reverses the distorted cuto� probability

under a bailout policy p̂B back to the socially optimal cuto� probability p̂t = p̂opt.
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Proof. Directly follows from Proposition 1 and Lemma 4 and 5. As p̂t = p̂opt

for t∗b , a bonus tax t∗b induces the socially optimal cuto� in presence of collective

Moral Hazard.

From Proposition 1, we know the welfare e�ects caused by a too-many-to-

fail bailout policy. When banks can anticipate that they will be rescued if they

failed, both principals can coordinate on a payo� domintant equilibrium where

they increase their expected payo� by increasing risk taking and implementing

projects with sucess probabilities lower than the socially desired level p̂B < p̂opt.

However, as Lemma 5 shows, with proper bonus taxation the threshold level for the

riskiness of the project can be shifted back to the socially desired level (p̂t = p̂opt).

Banks reduce risk taking again and so in expectation earn lower expected payo�s

than without bonus tax. As a side e�ect, banks not only reduce risk taking, but

also have to bear higher incentive payments for the manager due to the bonus tax.

As a result, banks earn less than without a bonus tax. The di�erence between

both payo�s exactly equals the bonus tax revenue the government collects.

Nonwithstanding the above discussed welfare improving e�ects of a proper

bonus tax, there still exists another pure strategy equilibrium where a bonus

tax causes welfare losses. Suppose banks do not coordinate on the equilibrium

with collective Moral Hazard analyzed above but on the payo� dominated equi-

librium where banks refrain from project implementation for sucess probabilities

ph ∈ Ph. In this case, a bailout does not distort risk taking from the socially de-

sirable threshold p̂∗ = p̂opt to the coordinated excessive-risk taking threshold p̂B.

Rather, a bonus tax causes distortions for this equilibrium. Any bonus tax tb > 0

ceteris paribus lowers banks' payo�s and thereby distorts their optimization prob-

lem. Internalizing the bonus tax through the requirement of higher compensation

payments for the manager, both banks will only implement the risky project if

ph ≥
C

1−tb
+(1−q)rL
rH+rL

; otherwise they will not make a contract o�er to the manager.

As
C

1−tb
+(1−q)rL
rH+rL

> p̂opt if tb > 0, any bonus tax will lead to ine�cient low risk

taking by banks. For this equilibrium, a bonus tax tries to balance the externality

of a bailout, that actually did not lead to distortions in �rst place.
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Discriminatory or unilateral bonus taxation

One of the main characteristics of the banking sector is its degree of integration,

also across countries. To study the e�ects of a bonus tax in a stylized international

framework, it is valuable to analyze a situation of discriminatory bonus taxation

between the two banks. This assumption makes it possible to examine the e�ects

of bonus taxation that only adresses one bank and thus the e�ects of unilateral

bonus taxation, when cross-national coordination is not possible.22 In the interna-

tional context, bailouts linked to systemic risk due to a too-many-to-fail problem

often are executed by supranational organizations like central banks in order to

prevent contagion. For �nancially distressed banks in the Eurozone for example,

the ECB introduced non-standard monetary policy measures in order to �keep

contagion in �nancial markets contained.�23 As a result, bank regulation at the

moment still is mainly a national responsibility, whereas resolution is undertaken

already on a supranational level.

Suppose only manager 1 is subject to a bonus tax. By that, for manager 1

the optimality condition under presence of a bonus tax (9) applies, whereas for

manager 2 the optimality condition without taxation (1) is relevant. Consequently,

bank 1 incurs higher costs to incentivize the manager and may therefore earn

expected payo�s (10) and (11). Bank 2's expected payo�s on the other hand stay

constant compared to section 4. Hence, mutual best responses by bank 1 and 2

are not symmetric anymore, but change compared to sections 4 and 5.

As in the case without bonus tax, for bank 2 it is optimal to o�er the following

contracts to the agent: if bank 1 wants to implement the project for ph ∈ Ph,

bank 2 should as well o�er an according contract to the agent. If on the other

hand bank 1 does not implement the project for ph ∈ Ph, bank 2`s best response

is too abstain from according incentive payments, too. For bank 1 on the other

hand, best responses to the actions of bank 2 change due to a proper bonus tax t∗b .

Assume bank 2 does not want the project to be implemented for ph ∈ Ph. Then,
22Ex ante, for supranational regulation cross-national coordination is necessary, but is often

di�cult to implement. In this sense, the possibility of discriminatory taxation is equivalent to
a situation where banks are located in di�erent countries with di�erent �scal jurisdiction but a
single economic area.

23See ECB (2010, 2011) on the ECB's response to the �nancial crisis and its impacts. Among
standard measures as lowering key interest rates to historically low levels, measures included
long lasting Long-Term Re�nancing Operations (LTROs), extension of assets accepted as eligible
collateral and purchase of euro-denominated covered bonds (¿60 billion program).
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for the same arguments as above, also the best response by bank 1 is to abstain

from project implementation as it would be the only failing bank. In expectation,

project implementation for ph ∈ Ph yields a loss. But in contrast to bank 2 and

due to bonus taxation, project implementation for ph ∈ Ph even yields a loss in

expectation for bank 1 even if both banks invested and therefore can expect a

bailout if −rL occurs. Assume bank 2 chooses to incentivize implementation for

ph ∈ Ph. Without a bonus tax but anticipating the too-many-to-fail problem, the

best response of bank 1 would be incentivizing project implementation for ph as

well. With the bonus tax however, incentive compensation for the agent's higher

risk taking becomes too expensive for the principal to outweigh the pro�ts of the

project. Therefore he abstains from higher risk taking, and chooses to refrain

from project implementatation for ph ∈ Ph.
Lemma 6 summarizes these results:

Lemma 6. Suppose that pl <
C
rH

and banks receive a bailout according to Def-

inition 1. If only manager 1 is subject to a bonus tax tb = t∗b , there exists an

unique equilibrium (b∗, bt
∗
, p̂t) where both principals choose to incentivize project

implementation if and only if

ph ≥ p̂t = p̂opt. (12)

Bank 1 (2) o�ers a bonus rate bth =
C

(1−t∗b)phrH

(
bh =

C
phrH

)
and earns payo�s EP t

h(
EPB

h

)
. The governemnt raises expected tax revenue T = γ

t∗b

(1−t∗b)
C.

Proof. If tb = t∗b , EP
t
h ≥ 0 if and only if ph ≥ p̂t. If bank 1 implements R only for

ph ≥ p̂t, bank 2's best response is to follow this strategy.

A Comparison between Lemma 3 and 5 shows, how bonus taxation in presence

of a distortive too-many-to-fail problem changes risk taking in equilibrium. Proper

taxation can reduce risk taking of both banks to a level which would have been

implemented also in absence of bailouts. In doing this, a taxation of bonuses of

manager 1 imposes an externality not only on that manager's bank, but also to

bank 2. This is done by increasing necessary incentive payments to the manager

in a way, that bank 1 is not willing anymore to �nance those costs. As a result, the

equilibrium (I, I), which is payo� dominant for ph ∈ Ph without bonus taxation,
becomes payo� dominated for the taxed bank. Altough it will stay a payo�
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dominant response for bank 2 to implement the project for a sucess probability

ph ∈ Ph when bank 1 implements the project as well, it will no longer be a

mutual best response in presence of taxation: As the untaxed bank 2 will always

incentivize project implementation for ph ∈ Ph, it is pro�table for bank 1 to do

so as well. On the other hand, as bank 1 will abstain from implementation for

ph ∈ Ph, it is also not pro�table for bank 2 to invest for ph ∈ Ph. Due to this

fact, there is an unique equilibrium where both banks incentivize their agents to

implement the project for the high sucess probability (for ph ∈ Ph), but refrain
from project implementation and do not o�er a contract to the agent for ph ∈ Ph.

Proposition 3. Suppose banks are aware of the potential systemic risk they col-

lectively cause and thus can expect a bailout if they jointly fail. Then, a bonus

tax t∗b is welfare improving even if only one bank is taxed. The bonus tax breaks

collective Moral Hazard and eliminates the equilibrium with excessive risk taking.

Proof. Directly follows from Proposition 1 and Lemma 4 and 6.

Thus, bonus taxation of only one bank eliminates the equilibrium with higher

risk taking and leads to a reduction of risk taking of both banks, the taxed one and

the untaxed one. At the same time, bonus taxation of a single bank unambiguously

can not cause negative welfare e�ects as it can be the case if both banks are taxed

and do not coordinate on the payo� dominant equilibrium.

6 Conclusion

In this paper, a symmetric principal-agent structure with two banks was modelled

where the agents' task was implementation of a project up to a certain risk.

This was used to study the e�ects of too-many-to-fail bailout policies and bonus

taxation on risk taking, compensation and welfare.

With respect to the e�ects of bailout policies, the following has been shown:

If banks can anticipate bailouts due to a too-many-to-fail bailout policy it is

pro�table for them to incentivize agents to implement the project also for lower

success probabilities. Thus, if banks foresee that they are systemic in a herd, they

invest riskier than they would do in absence of a possible bailout.
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Introducing a bonus tax can reduce the risk taking externality a bailout causes.

If the bank manager is taxed by a bonus tax, he requests a higher gross bonus

payment to be compensated for the additional tax burden. Therby incentive

payments for risk taking become more expensive for the bank. Given that the

bonus tax rate is properly chosen, the increase in expenses leads to lower risk

taking by the manager. Due to the specialty of too-many-to-fail bailout policies

and their dependency on collective bankruptcy, reduced risk taking in one bank

also leads to lower risk taking in the other bank. Thus, it is su�cient that only

the manager of one bank is taxed by a bonus tax. Translating this into a multi-

country framework leads to the result that unilateral bonus taxation can prevent

risk taking in the other country and thereby improve welfare in both countries.

The implications of the model for real world policy are the following: Proper

bonus taxation reduces banks' risk taking. Beyond that, there is no need for a

coordinated (global) approach in order to implement actions to reduce risk taking

in banking and gambling for bailouts on a cross-national level. Even an unilateral

introduction of a proper bonus tax has a positive externality on other countries,

leading to lower risk taking also in countries without bonus taxes. Thus, a single

country can circumvent gambling for bailouts on its own, �xing risk incentives

at the same level as without bailouts. A limitation of this model is the omission

of negative externalities on the taxing country, as in this model taxation only

has distributional consequences but does not harm overall welfare in the taxing

country.

As a conclusion, proper bonus taxation in this model reduces a gamble for

bailouts not only for the taxed bank, but also increases market discipline of other

banks. Thus, the tax is also e�ective in reducing risk taking if only introduced on

an unilateral level without global coordination.

References

[1] Acharya, V. V.: 2009, `A Theory of Systemic Risk and Design of Prudential

Bank Regulation'. Journal of Financial Stability 5(3), 224�255.

[2] Acharya, V. V. and T. Yorulmazer: 2007, `Too many to fail - An Analy-

sis of Time-Inconsistency in Bank Closure Policies'. Journal of Financial

27



Intermediation 16(1), 1�31.

[3] Allen, F., T. Beck, E. Carletti, P. R. Lane, D. Schoenmaker, and W. Wagner:

2011, Cross-Border Banking in Europe: Implications for Financial Stability

and Macroeconomic Policies. CEPR.

[4] Barron, J. M. and G. R. Waddell: 2003, `Executive Rank, Pay and Project

Selection'. Journal of Financial Economics 67(2), 305�349.

[5] Bebchuk, L. A. and J. M. Fried: 2003, `Executive Compensation as an Agency

Problem'. Journal of Economic Perspectives 17(3), 71�92.

[6] Bebchuk, L. A. and J. M. Fried: 2004, Pay Without Performance: The Un-

ful�lled Promise of Executive Compensation. Cambridge and MA: Harvard

University Press.

[7] Bebchuk, L. A., J. M. Fried, and D. J. Walker: 2002, `Managerial Power and

Rent Extraction in the Design of Executive Compensation'. University of

Chicago Law Review 69(3), 751�846.

[8] Besley, T. J. and M. Ghatak: 2013, `Bailouts and the Optimal Taxation of

Bonus Pay'. American Economic Review 103(3), 163�67.

[9] Brown, C. O. and I. S. Dinc: 2011, `Too Many to Fail? Evidence of Regu-

latory Forbearance When the Banking Sector Is Weak'. Review of Financial

Studies 24(4), 1378�1405.

[10] Brown, G. and N. Sarkozy: 2009, Dec 9, `For Global Fi-

nance, Global Regulation'. Wall Street Journal, Retrieved from

http://online.wsj.com/news/articles/SB10001424052748704240504574585894254931438.

[11] Brunnermeier, M., C. Goodhart, A. D. Persaud, A. Crocket, and H. Shin:

2009, `The Fundamental Principles of Financial Regulation: Geneva Reports

on the World Economy'.

[12] Core, J. E. and J. Qian, `Project Selection, Production, Uncer-

tainty, and Incentives'. University of Pennsylvania. Available at SSRN:

http://ssrn.com/abstract=297461.

28



[13] Cremer, J. and F. Khalil: 1992, `Gathering Information before Signing a

Contract'. American Economic Review 82(3), 566�578.

[14] Degryse, H., M. A. Elahi, and M. F. Penas: 2010, `Cross-Border Exposures

and Financial Contagion'. International Review of Finance 10(2), 209�240.

[15] Demski, J. and D. Sappington: 1987, `Delegated Expertise'. Journal of Ac-

counting Research 25(1), 68�89.

[16] Devereux, M. P.: 2011, `New Bank Taxes: Why andWhat will be the E�ect?'.

mimeo (Oxford University: Centre for Business Taxation).

[17] Dietl, H. M., M. Grossmann, M. Lang, and S. Wey: 2013, `Incentive E�ects

of Bonus Taxes in a Principal-Agent Model'. Journal of Economic Behavior

& Organization 89(C), 93�104.

[18] Donmoyer, R. J. and L. Litvan: 2009, Mar 20, `Bonus Tax Heads to

Senate After House Passes 90% Levy'. Bloomberg, Retrieved from

http://www.bloomberg.com/apps/news?pid=newsarchive&sid=a5JHdEyAaec4.

[19] ECB: 2010, `The ECB's Response to the Financial Crisis'. ECB Monthly

Bulletin (October), 59�74.

[20] ECB: 2011, `The ECB's Non-Standard Measures - Impact and Phasing-Out'.

ECB Monthly Bulletin (July), 55�69.

[21] Ehrlich, M. v. and D. Radulescu: 2012, `The Taxation of Bonuses and its

E�ect on Executive Compensation and Risk Taking - Evidence from the UK

Experience'. Available at: http://www.unifr.ch/controlling/seminar/2012-

2013/Radulescu%20Doina%20Maria_Bonus_Tax_21May2012.pdf.

[22] Farhi, E. and J. Tirole: 2012, `Collective Moral Hazard, Maturity Mismatch,

and Systemic Bailouts'. American Economic Review 102(1), 60�93.

[23] Feess, E. and M. Walzl: 2004, `Delegated Expertise - When are Good Projects

Bad News?'. Economics Letters 82(1), 77�82.

[24] Frydman, C. and D. Jenter: 2010, `CEO Compensation'. Annual Review of

Financial Economics 2(1), 75�102.

29



[25] Gromb, D. and D. Martimort: 2007, `Collusion and the Organization of

Delegated Expertise'. Journal of Economic Theory 137(1), 271�299.

[26] Grossman, S. J. and O. D. Hart: 1983, `An Analysis of the Principal-Agent

Problem'. Econometrica 51(1), 7�45.

[27] Grossmann, M., M. Lang, and H. Dietl: 2011, `Why Taxing Executives'

Bonuses Can Foster Risk-Taking Behavior'. University of Zurich, Institute

for Strategy and Business Economics Working Paper No. 150. Available at

SSRN: http://ssrn.com/abstract=1952729.

[28] Hakenes, H. and I. Schnabel: 2013, `Bank Bonuses and Bail-Outs'.

MPI Collective Goods Preprint, No. 2013/03. Available at SSRN:

http://ssrn.com/abstract=2226360.

[29] Hilmer, M.: 2013, `Fiscal Treatment of Managerial Compensation-A Welfare

Analysis'. Working Paper of the Max Planck Institute for Tax Law and Public

Finance No. 2013-02. Available at SSRN: http://ssrn.com/abstract=2277461.

[30] Holmstrom, B.: 1979, `Moral Hazard and Observability'. Bell Journal of

Economics 10(1), 74�91.

[31] Jensen, M. C. and W. H. Meckling: 1976, `Theory of the Firm: Managerial

Behavior, Agency Costs and Ownership Structure'. Journal of Financial

Economics 3(4), 305�360.

[32] Keen, M.: 2011a, `Rethinking the Taxation of the Financial Sector'. CESifo

Economic Studies 57(1), 1�24.

[33] Keen, M.: 2011b, `The Taxation and Regulation of Banks'. IMF

Working Papers, Vol. 11/206, pp. 1-38, 2011. Available at SSRN:

http://ssrn.com/abstract=1923520.

[34] Lambert, R.: 1986, `Executive E�ort and Selection of Risky Projects'. RAND

Journal of Economics 17(1), 77�88.

[35] Malcomson, J. M.: 2009, `Principal and Expert Agent'. B.E. Journal of

Theoretical Economics 9(1), 1�36.

30



[36] Murphy, K. J.: 2013, `Chapter 4 - Executive Compensation: where we are,

and how we got there'. Handbook of the Economics of Finance (Vol 2, Part

A), 211�356. (edited by George M. Constantinides, Milton Harris and Rene

M. Stulz), Elsevier.

[37] O'Carroll, L.: 2011, Jan 26, `Ireland to reintroduce 90% bank bonus tax'.

theguardian, Retrieved from http://www.guardian.co.uk/business/ireland-

business-blog-with-lisa-ocarroll/2011/jan/26/ireland-to-reintroduce-90-

bank-bonus-tax.

[38] Palomino, F. and A. Prat: 2003, `Risk Taking and Optimal Contracts for

Money Managers'. RAND Journal of Economics 34(1), 113�137.

[39] Radulescu, D.: 2012, `The E�ects of a Bonus Tax on Manager Compensation

and Welfare'. FinanzArchiv: Public Finance Analysis 68(1), 1�16.

[40] Shackelford, D. A., D. Shaviro, and J. Slemrod: 2010, `Taxation and the

Financial Sector'. NYU School of Law, Public Law Research Paper No. 10-

30; NYU Law and Economics Research Paper No. 10-25. Available at SSRN:

http://ssrn.com/abstract=1601330.

[41] Thanassoulis, J.: 2012, `The Case for Intervening in Bankers' Pay'. The

Journal of Finance 67(3), 849�895.

[42] Wagner, W.: 2010, `In the Quest of Systemic Externalities: A Review of the

Literature'. CESifo Economic Studies 56(1), 96�111.

31


