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Introduction

This dissertation comprises three chapters that investigate critical aspects of banking

regulations. It identi�es key frictions within the banking industry and o�ers new insights

into how regulatory frameworks can be optimized to enhance �nancial stability.

The �rst chapter, Banks Incentive Pay, Diversi�cation and Systemic Risk , ex-

plores how managerial compensation in banks, particularly through relative performance

evaluation (RPE), can lead to increased systemic risk. It presents a model where bank

managers, motivated by incentive pay, make decisions on leverage and diversi�cation that

not only impact individual bank's risks but also a�ect the level of systemic risk.

This chapter �nds that, due to two key externalities, shareholders of banks often

choose ine�cient incentive pay contracts which incentivize excessive leverage and diversi-

�cation in portfolios, and consequently, excessive systemic risk. First, shareholders focus

only on their own bank's risk exposures, neglecting the fact that increased systemic risk

a�ect all banks in the �nancial system. Second, shareholders fail to recognize that, be-

cause of the RPE in the pay contracts, managers' investment decisions across banks are

strategic complements. This means that when one manager adjusts their portfolio, it

prompts similar adjustments from others, creating a feedback loop that further exacer-

bates systemic risk. The chapter argues that current regulations, such as a cap on bonus

pay, are insu�cient to address these externalities. It suggests that regulations speci�cally

targeting RPE are necessary to align managerial incentives with �nancial stability goals.

The second chapter,Regulatory Model Secrecy and Bank Reporting Discre-

tion , explores the optimal approach for regulators to disclose their assessment models

for banks. Regulators use these models to evaluate the stability and resilience of banks

but often keep them undisclosed to prevent banks from gaming the system, for instance,

banks may manipulate reports to obscure their true risk levels. However, lack of trans-

parency can impair banks' ability to understand how their assets will perform under

vi
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di�erent economic conditions.

This issue is especially prominent in stress tests, which evaluate banks' resilience to

economic shocks. In practice, regulators' approaches to disclosing information about

stress test models vary across di�erent jurisdictions. For example, in the United States,

the Federal Reserve has moved from providing broad frameworks to more detailed dis-

closures of its stress test models. In contrast, European regulators generally disclose

comprehensive details of their methodologies.

To address the trade-o� associated with disclosing assessment models, this chapter

develops a theoretical model to determine the optimal level of transparency for regulators.

The �ndings suggest that if the costs of wrongly assessing the banks' asset value (i.e., the

costs of type I and type II errors) are similar, disclosing the models can help reduce banks'

manipulation by providing them with a clearer understanding of their asset performance.

However, if one type of error is signi�cantly more costly, keeping the model secret may

be preferable to prevent banks from manipulating their reports to exploit the regulatory

process.

The third chapter, Bank Regulations and Market Discipline , explores how the

three pillars of Basel III�minimum capital requirements (Pillar 1), supervisory review

(Pillar 2), and market discipline (Pillar 3)�interact to curb banks' risk-taking behav-

iors. Under Basel III, banks are allowed to use internal risk models to determine their

capital needs. While this approach leverages banks' knowledge of their own risks, it also

presents the risk of banks potentially understating their risks, which can undermine the

e�ectiveness of regulatory measures.

This chapter develops a theoretical framework featuring a regulator, multiple banks,

and a competitive credit market. In this model, banks, protected by limited liability,

have an incentive to take on more risk than is socially optimal. The regulator's role is to

curb this excessive risk-taking through appropriate regulations. This chapter speci�cally

focuses on the optimal design of capital requirements and regulatory audits which uncover

the true risk levels of banks.

Additionally, the chapter highlights the role of market discipline as a complemen-

tary tool. Market discipline involves creditors adjusting interest rates on a bank's debt

according to its reported risk. Regulatory audits support market discipline by provid-

ing accurate risk information to creditors, which in turn allows them to impose higher
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borrowing costs on riskier banks. The interaction between market discipline and regula-

tions can be complex. While market discipline may prompt the regulator to ease capital

requirements, it may also increase the need for frequent audits.

viii
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Chapter 1

Banks Incentive Pay, Diversi�cation

and Systemic Risk �

with Fabio Castiglionesi

Abstract

This paper analyzes the impact of incentive pay for bank managers on �nancial stability.

The study focuses on two banks owned by risk-neutral principals but operated by risk-

averse managers who decide on leverage and the extent of diversi�cation into the other

bank's assets, both of which determine the systemic risk. To begin, we establish the

optimal incentive pay contract assuming a planner seeks to maximize the total value

of the banks. In equilibrium, we �nd that the contract excessively relies on relative

performance evaluation, leading to an ine�ciently high degree of diversi�cation, leverage,

and systemic risk. This outcome obtains even when the principal represents the interests

of all stakeholders in an individual bank. We demonstrate that only regulation speci�cally

targeting relative performance evaluation can restore e�ciency, while existing regulations

on managerial pay can inadvertently amplify systemic risk.

� We thank two anonymous referees, Stefano Colonnello, Julio Crego, Fabio Feriozzi, Lucas Mahieux,
Wolf Wagner, Christian Laux (discussant), and seminar participants at Tilburg University, Audencia
Business School, Workshop on "Labor and Finance" (Ca' Foscari, Venice), 14th Workshop on Accounting
and Economics (Rotterdam) for helpful suggestions and comments. The usual disclaimer applies.
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1.1 Introduction

The 2007/2008 �nancial crisis highlighted the potential dangers of banks' risk-taking be-

havior, which can expose the entire �nancial system to costly systemic crises. The primary

source of blame often falls on the shareholders' appetite for risk. As banks rely heavily on

cheap and largely insured deposits, shareholders are incentivized to transfer risk onto the

banks' debtholders and, ultimately, the taxpayers. In pursuit of maximizing return on

equity, shareholders may o�er managers enticing incentive pay packages, disregarding the

interests of other stakeholders and the broader society. This inherent con�ict of interests

serves as the motivation for regulating incentive pay within the banking industry, even

though such intervention is typically met with signi�cant resistance.1

Although the call for regulation is driven by a pertinent concern, it fails to consider

that the underlying need for intervention may stem from the inherent externalities asso-

ciated with banking managers' compensation. This study demonstrates that, even in a

scenario where compensation is determined in an environment devoid of friction between

shareholders and debtholders, banks can pose an excessively high systemic risk to the

economy. Consequently, we demonstrate that only regulation speci�cally targeting rela-

tive performance evaluation can restore e�ciency and highlight that existing regulations

on managerial compensation may actually increase systemic risk.2

We consider a model involving two banks, each with its own investment activity.

These activities generate independent returns. Each bank is owned by a risk-neutral

principal and managed by a risk-averse manager. The principal designs an incentive pay

contract, while the manager provides unobservable e�ort that positively in�uences the

bank's return. The contract comprises three components: a �xed salary, an absolute per-

1" Regulating [compensation in banks] to discourage risky employee behaviour means an uphill battle
against shareholders who also like risk." - Financial Times, "Remove the incentive from bankers' pay"
(March 16th, 2011).

2Following the 2007/2008 �nancial crisis, a series of regulations have emerged to address the issue
of incentive pay packages for bank managers. These regulations are a direct response to the con�icts
of interest within �nancial institutions. In the United States, the Financial Stability Board issued the
Principles for Sound Compensation Practices in 2009, which serve as a foundation for the governance
and internal monitoring of compensation systems. It also aims to align compensation with risk-taking
and promote transparency by mandating the disclosure of compensation to all stakeholders. In the
United Kingdom, the compensation Code was rati�ed in 2010 with the objective of altering the decision-
making horizon and risk-taking incentives for executives in banks. In continental Europe, the Capital
Requirements Directive III was approved in 2010. It lays down compensation requirements that better
link bankers' incentives to long-term bank performance and encourage responsible risk-taking. Building
upon this, the Capital Requirements Directive IV, introduced in 2013, complements the previous directive
by implementing a cap on banker bonuses.

2
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formance evaluation (APE), and a relative performance evaluation (RPE). Additionally,

the manager is responsible for selecting the bank's investment portfolio, which determines

the leverage (total investment funds) and the degree of diversi�cation (allocation between

the bank's own investment activity and the other bank's activity). This allocation deci-

sion determines the correlation between the returns of the two banks. A higher degree

of diversi�cation leads to increased correlation, reducing the likelihood of an isolated de-

fault but increasing the risk of a systemic crisis where both banks fail. Considering that a

systemic crisis is socially more costly than an idiosyncratic default, the manager's choice

of the investment portfolio impacts both the probability and the social cost of banking

failure.

The presence of RPE in managers' compensation plays a crucial role in explaining

the commonality in banks' portfolio returns. This particular channel proves to be highly

signi�cant, considering the widespread utilization of RPE in incentive pay structures. In

the United States, there has been a deliberate push to incorporate RPE into managers'

compensation packages, aiming to establish a stronger link between their pay and the

factors within their control. Notably, R. Albuquerque, Cabral, and Guedes (2019) ex-

tensively document how regulatory bodies such as the SEC, NYSE, the US government,

and in�uential consultants like the Institutional Shareholder Services enforce the use and

disclosure of RPE by �rms. Moreover, both implicit (A. Albuquerque (2009)) and explicit

(De Angelis and Grinstein (2020)) indicators of RPE implementation provide evidence

that a majority of �rms adopt this practice. The utility and �nance sectors, particu-

larly the large banks, exhibit the highest levels of RPE adoption, as indicated by studies

conducted by A. Albuquerque (2014), Ili¢, Pisarov, and P. S. Schmidt (2019), and De

Angelis and Grinstein (2020). These �ndings establish the signi�cance of the channel we

are investigating, emphasizing its primary importance in understanding the phenomenon

at hand.

To begin, we solve the model by determining the manager's choices regarding e�ort

and investment portfolio, while taking the incentive pay contract as a given. Subsequently,

we determine the optimal incentive pay contract o�ered by the principal, who anticipates

the manager's choices. To establish a benchmark, we adopt the perspective of a social

planner acting as the principal, aiming to maximize the total expected value of both

banks. This approach allows us to derive the optimal incentive pay contract that achieves

3
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the optimal balance between idiosyncratic risk and systemic risk within the banking

sector. The optimal pay contract comprises both APE and RPE, with APE carrying a

greater weight than RPE.3 This combination ensures the optimal level of e�ort from the

manager and determines the optimal investment portfolio. Consequently, it a�ects the

optimal leverage and diversi�cation strategies. Notably, the optimal portfolio is not fully

diversi�ed, as it involves allocating more resources to each bank's individual activities.

We proceed by deriving the equilibrium pay contract. The principal now represents

the interest of the shareholders in each bank, and is responsible for designing the contract

for their respective manager. The objective of the shareholders is to maximize the return

on equity of their bank. Although the equilibrium contract still exhibits a higher weight

of APE compared to RPE, the level of APE falls below the e�cient threshold, while the

level of RPE exceeds the e�cient threshold. This indicates that, in equilibrium, both the

leverage and the degree of diversi�cation are greater than what is considered e�cient.

Consequently, the banking sector exhibits excessive systemic risk.4

Two externalities lie at the core of the ine�ciency characterizing the equilibrium con-

tract. Firstly, there exists a direct externality originating from the pay contract sets

within each bank. When shareholders within one bank decrease the APE and increase

the RPE of the pay contract, the manager responds by taking more leverage and increas-

ing diversi�cation to mitigate pay-related risks. However, this higher leverage heightens

both idiosyncratic and systemic risks. Furthermore, the expanded diversi�cation exposes

each bank to risks similar to those of the other bank, thereby escalating the likelihood

of systemic insolvency. The choice of the pay contract in each bank generates addi-

tional systemic risk, resulting in an augmented expected insolvency cost forboth banks.

Nevertheless, shareholders merely internalize the additional expected insolvency cost for

their own bank, neglecting the larger insolvency cost borne by the other bank, which

constitutes an externality.

Secondly, there exists anindirect externality arising from the strategic complemen-

3In our model, RPE is valuable for both the principal and the risk-averse manager. The principal �nds
RPE bene�cial because it motivates the manager to select the desired level of diversi�cation, leverage,
and risk of default. The risk-averse managers willingly accept RPE since it reduces the risk associated
with their compensation, thereby increasing their expected utility.

4We follow R. Albuquerque, Cabral, and Guedes (2019) by assuming that shareholders lack limited
liability protection, and the incentive pay serves as a mechanism for risk-sharing between shareholders
and the manager. Assuming that shareholders were also protected by limited liability, the incentive pay
would feature the conventional risk-shifting characteristic as well. Consequently, the RPE level would be
higher compared to the case in which only the risk-sharing motive is present, strengthening our result.
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tarity inherent in the investment decisions made by managers. In order to mitigate the

risk associated with their pay, managers must select a portfolio that closely aligns with

the choices made by their counterparts. This means that the investment allocation of one

manager depends on the investment allocation of the other manager for the same activi-

ties. As previously mentioned, when shareholders within one bank reduce the APE and

increase RPE, managers respond by taking more leverage and selecting more diversi�ed

portfolios. However, due to the strategic complementarity in the investment decisions of

managers, the manager in the other bank will also adjust the investment portfolio in a

similar fashion. Furthermore, the changes in the investment portfolio of the other bank

will impact the portfolio decisions of the manager in the original bank, thus creating a

feedback loop. Regrettably, shareholders fail to recognize this strategic complementarity,

exacerbating the direct externality. Consequently, shareholders establish an insu�ciently

low APE and an ine�ciently high RPE, thereby inducing an excessive level of systemic

risk within the banking sector.5

Our model emphasizes the importance of implementing regulatory measures that can

e�ectively address the two externalities associated with the compensation contracts cho-

sen by individual banks. Therefore, the optimal policy must induce banks to internalize

those externalities. Since the manager's compensation plays a crucial role in determin-

ing the choice of leverage and diversi�cation, we show that direct regulation of such

compensation becomes necessary to achieve e�ciency. Our �ndings indicate that the

optimal regulation entails implementing caps on both the absolute level of RPE and the

intensity of RPE, measured as the ratio of RPE to APE. A pertinent question follows:

do recent policy interventions targeting managerial pay e�ectively address these exter-

nalities? We assess the impact of implementing a cap on variable pay, as adopted in

continental Europe following the CDR IV. Our �ndings indicate that such a cap fails

to internalize the two relevant externalities. Additionally, we demonstrate that this cap

5In a less realistic but instructive perspective, in Section 6.1 we analyze a scenario in which the prin-
cipal designs the pay contract in the interest of all stakeholders, i.e. both shareholders and debtholders,
in each bank. We show that stakeholders opt for an equilibrium incentive pay contract that increases the
APE and reduces the RPE compared to the scenario where the principal acts only in the interests of the
shareholders. However, despite operating in such a favorable environment, the equilibrium pay contract
is still ine�cient. In essence, even when stakeholders take charge, the two externalities we emphasize
are not fully internalized, leading to levels of leverage, diversi�cation, and systemic risk surpassing the
e�cient threshold. Overall, the motives of risk-sharing and risk-shifting are not the primary reasons
for selecting an ine�cient APE and RPE. Even without such motives, incentive pay still determines an
ine�cient level of systemic risk.

5
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may disproportionately decrease expected compensation compared to the reduction in

variance compensation. Consequently, managers become less tolerant to risk, leading to

further diversi�cation and an increase in systemic risk. This explanation aligns with the

�ndings presented by Colonnello, Koetter, and K. Wagner (2020), who provide evidence

that the adoption of a cap on variable pay in continental Europe resulted in an increased

contribution to systemic risk by banks, particularly those with directors more a�ected by

the cap and then most likely with the largest reduction in expected compensation.6

An often recommended approach for mitigating systemic risk is to restrict leverage.

However, we demonstrate that implementing a binding leverage cap set at the e�cient

level alone is insu�cient in achieving an e�cient level of systemic risk. This inadequacy

arises from the fact that the e�cient level of systemic risk is in�uenced by both leverage

and diversi�cation, and regulating leverage alone fails to induce optimal diversi�cation.7

Similarly, regulations solely focusing on diversi�cation do not lead to e�ciency, as they

would result in an ine�cient level of leverage and, consequently, systemic risk.

The remaining sections of this paper are structured as follows: In the subsequent part

of the introduction, we discuss the relevant literature. We present the model in Section

1.2. We outline the solution to the manager's problem in Section1.3. In Section 1.4,

we characterize the constrained e�cient allocation and derive the equilibrium allocation.

We analyze the optimal policy in Section1.5. We provide extensions and discussions in

Section1.6. Finally, we present the conclusion in Section1.7, and the proofs can be found

in the Appendix.

1.1.1 Related literature

In terms of motivations, our paper is most closely aligned with W. Wagner (2010),

which demonstrates how banks have an incentive to diversify their portfolio beyond the

e�cient level. However, W. Wagner (2010) does not provide a micro foundation for

explaining why this phenomenon occurs, whereas we identify this mechanism through

6Kleymenova and Tuna (2021) also reveal that banks in the UK experienced increased contribution
and sensitivity to systemic risk after the implementation of the compensation Code in 2010. Furthermore,
Jokivuolle, Keppo, and X. Yuan (2015) calibrate a structural model using a sample of large US banks,
showing that a bonus cap is largely ine�ective for the average bank, reducing idiosyncratic risk-taking
only in banks with high bonus pay. We con�rm these �ndings, illustrating that a binding bonus cap may
reduce a bank's idiosyncratic probability of default but comes at the expense of increased systemic risk.

7Kiema and Jokivuolle (2014) show that leverage regulation could increase systemic risk via a corre-
lated portfolio mechanism, somehow reminiscent of ours.

6
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the incentive pay o�ered to banks' managers. Furthermore, Wagner's analysis assumes

the bank's leverage as a given, whereas we endogenize the manager's choice of leverage.

The seminal paper by Holmstrom (1982) introduces RPE as an incentive pay that is

useful for aligning the interests between the principal and the agent (manager). More

recently, R. Albuquerque, Cabral, and Guedes (2019) extend Holmstrom's model to study

the e�ect of managerial compensation on �nancial instability. Their model does not rec-

ognize the undesirability of systemic risk, rather they assume that the regulator wants

to reduce it for reasons outside the model. They assume that managers can invest in

a correlated asset and show that RPE biases managers' investment towards such asset,

thus increasing systemic risk. Instead, we investigate whether such biased investment is

ine�cient by characterizing the appropriate benchmark as outlined in W. Wagner (2010).

We show that the biased investment may be e�ciently chosen by a social planner. How-

ever, in equilibrium, the banks individually choose an ine�cient manager's compensation,

which ampli�es the bias in the investment decision and leads to excessive systemic risk.

Di�erent from R. Albuquerque, Cabral, and Guedes (2019) we identify two externalities

that lead banks to choose an ine�cient managerial compensation. This is crucial for

determining clear policy implications. Similarly to R. Albuquerque, Cabral, and Guedes

(2019), we show that a binding cap on leverage may reduce systemic risk, however, di�er-

ently from them, we demonstrate that such a cap is not enough to implement the e�cient

level of systemic risk.

Similarly to us, W. Wagner (2013) considers the e�ects of managerial compensation on

�nancial stability, but from an asset manager's perspective. He also demonstrates a nega-

tive e�ect of RPE on stability. However, he speci�cally examines how short-horizon RPE

a�ects �re sales of the assets. Moreover, he solely analyzes the optimal contract without

investigating the potential externalities that may arise in a decentralized environment.

Similarly to us, John, Saunders, and Senbet (2000) advocate for the regulation of man-

agers' compensation, rather than of leverage, in order to reduce shareholders' risk-taking

incentives. However, their analysis solely focuses on APE as managerial compensation.

By establishing the manager's APE compensation ex-ante, shareholders can avoid risk-

shifting behavior and commit to an e�cient risk pro�le. In contrast, we highlight that

when compensation includes RPE, regulatory measures on managerial pay are neces-

sary to induce e�cient systemic risk, even in the absence of con�ict of interest between

7
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shareholders and debtholders.

There are also papers that analyze the e�ect of incentive pay on systemic risk, tak-

ing as given systemic risk. Ozdenoren and K. Yuan (2016) analyze an environment in

which principals o�er incentive pay to achieve an individually optimal risk�return trade

o�. They show that principals do not take into account the e�ect of such incentive pay

contracts on certain aggregate variables used as benchmarks. These contractual exter-

nalities may cause principals to excessively (insu�ciently) rely on incentive pay when the

industry is exogenously expected to perform well (poorly). A similar mechanism is pro-

vided by Celentani and Loveira (2006). Thanassoulis (2012) focuses on the risk-sharing

feature between the principal and the managers of the bonus pay, showing that compe-

tition for talent among banks drives up the compensation cost and increases the default

risk of all banks. In our paper, banks' compensation contracts endogenously determine

the systemic risk.

Finally, our paper is related to the literature that emphasizes the reasons why man-

agers may take correlated investments. The elderly rationale is based on the idea of

sharing-the-blame,with builds upon the contributions by Sharfstein and Stein (1990)

and Zwiebel (1995). When evaluated by the market, managers refrain from pursuing un-

usual investments, as any failure could be perceived as their own inadequacy in term of

performance. Within a banking setting, Acharya and Yorulmazer (2008) show that banks

choose similar investment strategies so that little additional information is relevant when

news about the performance of other banks is revealed. Our paper o�ers another mech-

anism that leads to the same result, thus showing that the concept ofsharing-the-blame

can arise out of incentive contracts. In the banking sector, more recent factors have been

identi�ed in�uencing the selection of correlated investments. Farhi and Tirole (2012)

argue that a bailout guarantee may encourage correlated risky actions among banks.

Martinez-Miera and Suarez (2014) highlight the need to meet future capital regulatory

constraints. Robert M. Bushman and Christopher D. Williams (2015) argue that the

individual bank's vulnerability to downside risk can translate into systemic risk due to

banks' accounting choice of delayed expected loan loss recognition. Finally, Castiglionesi,

Feriozzi, and Lorenzoni (2019) show that banks have incentives to reduce liquidity hold-

ings in normal time (i.e., when facing idiosyncratic liquidity shocks), exposing the banking

system to costly liquidity crises when a common liquidity shock hits.

8
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1.2 The Model

We model an economy with two banks (i = 1; 2). Each bank is owned by a risk-neutral

principal and managed by a risk-averse manager. The principal determines the manager's

compensation contract, and the manager chooses the bank's investment portfolio and

exerts unobservable e�ort. We consider two approaches: �rst, a social planner, and then

the shareholders of the bank acting as the principal.

We follow W. Wagner (2010) to model the banks' investment choice. Each bank invests

in a bank-speci�c activity. The most natural interpretation is that each bank specializes

in lending in a certain geographic region or to a particular sector of the economy.8 That

is, bank 1 invests in activity X and bank 2 invests in activity Y. We refer to activity

X as bank 1's activity and Y as bank 2's activity. The activities X and Y have gross

returns x and y, respectively. Both returns are identically and independently distributed

and follow a normal distribution with a mean� and a variance normalized to1 (without

loss of generality). We denote the density function asf (�).9

Each bank can also diversify its portfolio by investing in the activity of the other

bank. We denote the investment portfolio of banki as (� ii ; � ij ), where� ii is the amount

of funds invested in own bank's activity and� ij is the amount of funds diversi�ed into

bank j 's activity, with i 6= j . We assume that there is a small cost of diversi�cation,

denoted as� (with 0 < � < � ), which accounts for the expenses incurred by a bank

when establishing and maintaining branches in a new region. This cost of diversi�cation

may also re�ect the need to hire specialized workforce when a bank diversi�es into a

new sector of the economy or new commercial activities. In addition to geographical

or sector diversi�cation, banks may diversify by trading risk among themselves using

complex credit derivatives that require the hiring of specialized costly traders.10

8Alternatively, the two bank-speci�c activities can be interpreted as commercial versus investment
banking.

9W. Wagner (2010) o�ers a tractable way to measure systemic risk. Alternatively, R. Albuquerque,
Cabral, and Guedes (2019) assume that bank i can invest in a common activity ci and an activity si

that is available to bank i alone. Using their approach on the investment choice, we no longer have
the characterization of default lines (in equation (1.7) and (1.8)) and the graphical representation of
idiosyncratic and systemic defaults (in section1.2.1). However, the default probabilities still depend on
the banks' choices of diversi�cation and leverage, similar to the current model. Therefore, the principal
in each bank can still use managerial compensation to control leverage and diversi�cation. Our main
results regarding how managerial compensation a�ects the systemic risk still hold qualitatively. Results
are available upon request.

10The cost of diversi�cation � creates a clear distinction between idiosyncratic risk and systemic risk.
However, it is important to note that this assumption is not strictly necessary to obtain our results. For

9
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Banks �nance their investment activities using both equity and debt. We normalize

the value of equity to 1. Consequently, leverage, which represents the ratio of debt to

equity, align with the value of debt. Let us denote the leverage amount for banki as l i .

We assume that banks borrow at the gross interest raterb, with rb < � � � , ensuring that

investing is ex-ante pro�table.11

In each banki , the manager chooses the e�ort levelei and allocates the bank's total

funds 1 + l i between the two activities. Hence, the accounting balance of funds in bank

i is 1 + l i = � ii + � ij , which de�nes the leverage as follows

l i = � ii + � ij � 1: (1.1)

Notice that leverage is determined by the manager's choice of the investment portfolio

(� ii ; � ij ). We also de�ne thedegree of diversi�cation � i as the fraction of funds invested

by bank i into the other bank's activity. That is,

� i =
� ij

� ii + � ij
: (1.2)

Bank i 's overall gross returnvi consists of the manager's e�ort and the gross return

on its investment portfolio.12 In each bank, we have

v1 = e1 + � 11x + � 12(y � � ) (1.3)

v2 = e2 + � 22y + � 21(x � � ): (1.4)

Following R. Albuquerque, Cabral, and Guedes (2019), we assume that the risk-averse

further discussion and analysis on the role of� , refer to Section 1.6.2.
11The assumption of a constant cost of debt does not a�ect the qualitative result of the paper. Suppose

that the cost of debt for each bank is non-decreasing in the amount of leverage. In such a scenario, the
compensation choice in one bank not only a�ects the leverage but also in�uences the cost of debt of
the other bank. This creates an additional channel of spillover from the compensation decision in one
bank to the insolvency condition of the other bank (refer to conditions (1.6) and (1.7)), thus impacting
systemic risk. If a risk-sensitive cost of debt is considered, the principal in each bank would deviate
further from the optimal compensation choice and, as a result, from the e�cient level of systemic risk.

12For tractability reason, we assume that the investment activities have constant return of scale. This
assumption does not a�ect our results since the externalities at the root of our model do not depend on
the returns of scale of the investment activities.

10
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The principal chooses
the incentive pay

t=1
The manager chooses

the investment portfolio
and the e�ort level

t=2

Returns on the banks are known
and insolvency may occur

t=3

Returns on the banks
realize

t=4

Figure 1.1: Timeline

managers have the following negative exponential utility function

ui (wi ; ei ;  ) = � exp(� wi +
1
2

e 2
i );

wherewi is manageri 's compensation and the second term captures manageri 's quadratic

disutility from e�ort ei with parameter  . Without loss of generality, we set the risk

aversion equal to1.

We assume that manageri 's compensation is linear in own bank's overall returnvi

and the rival bank's overall return vj .13 That is,

wi = ki + ai vi � bi vj : (1.5)

The parameter ki is the �xed salary, whereasai represents the absolute performance

evaluation (APE) and bi is the relative performance evaluation (RPE). We assume that

both APE and RPE are non-negative, that isai ; bi � 0. Bank i 's compensation contract

is then denoted by the 3-tuple(ki ; ai ; bi ).

The timeline of the model is depicted in Figure 1. At date 1, the principal determines

13We consider linear compensation contracts because they are quite common in the literature on
principal�agent models. Refer to Holmstrom and Milgrom (1987), Ozdenoren and K. Yuan (2016) and
R. Albuquerque, Cabral, and Guedes (2019) for a discussion of the possible limits of such approach.
However, non linear elements in bankers' performance-based pay are quite prevalent in practice. Adding
such elements in our model would not change the result qualitatively. Consider a scenario where the
manager, in addition to the linear compensation, receivesci number of options on the bank's shares.
This compensation contract can be expressed aswi = ki + ai vi � bi vj + ci max f Pi � K; 0g, where Pi

is the bank's share price andK is the strike price. Such incentive pay may mitigate the manager's
aversion to risk. However, as long as the manager remains risk-averse, the RPE still in�uences the
manager's portfolio choice (by reducing the variation in compensation) and, consequently, systemic risk.
The characterization of the optimal �rst-best compensation contract is beyond the scope of this paper.
However, assuming the shareholders use the same contract structure of the planner, they will not make
use of the �rst-best remuneration contract provided that the remuneration contract has elements that
a�ect the manager's choice of diversi�cation and leverage.

11
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the compensation contract(ki ; ai ; bi ). At date 2, based on the compensation contract,

the manager chooses the level of e�ortei and the investment portfolio (� ii ; � ij ). At date

3, the returns on the banks become publicly known and, if the realized overall returnvi

is insu�cient to repay the debt, bank i is insolvent. That is, whenever

vi < l i rb: (1.6)

When a bank is recognized as insolvent, debtholders withdraw their funds and the bank

must liquidate its portfolio incurring a cost.14 We assume that the cost of liquidation when

there is a systemic crisis (i.e., both banks are insolvent) is higher than the liquidation

cost when only one bank is insolvent. When insolvency occurs solely at banki , it can

liquidate its portfolio at a loss ofc. That is, when an insolvent bank sells its portfolio to

the surviving bank, the realized value of the activity is reduced byc. This assumption

re�ects the notion that banks are the most e�cient at managing their own activities.

However, if bank j is insolvent as well, both banks must liquidate their portfolios at a

loss ofqc, with q > 1. In the case of a systemic crisis, external entities from the banking

industry must acquire the activities. Since these outsiders are less capable of utilizing

the banks activities, the losses incurred during portfolio liquidation become greater (see,

e.g., James (1991) and Shleifer and Vishny (1992)).1516 At date 4, the returns on the

banks' activities, including any losses due to insolvency, realize. Managers, shareholders

and debtholders receive their payo� and consume.17

We solve the model in the standard backward manner. First, we characterize the

14We focus on fundamental runs, which only occur at insolvent banks. However, when runs are also
in�uenced by expectations (panic runs), they can occur at solvent bank as well. That is, a solvent
bank can be bankrupt by contagion. Not surprisingly, when contagious e�ects are considered, the scope
of systemic crises expands. Therefore the ine�ciency caused by the incentive pay on systemic risk is
ampli�ed and the proposed regulation become even more compelling. Results are available upon request.

15We do not consider physical liquidation of the activities in our analysis. The implicit assumption is
that physical liquidation is either more expensive or equally costly compared to allowing the activities to
mature under the management of industry outsiders. That is, physical liquidation bears at least a cost
equal to qc. Thus, when one bank is insolvent, it prefers to sell its activity to the surviving bank, and
when two banks are insolvent, physical liquidation is equivalent to selling the activities to outsiders.

16We assume a constant liquidation cost when a bank faces insolvency. This assumption does not a�ect
the qualitative results of the paper. In Section 1.6.3, we explore a scenario where the cost of insolvency
increases with the bank's size. In this case, the compensation choice in one bank not only a�ects the
likelihood of insolvency but also in�uences the cost of insolvency. This ampli�es the di�erence between
the expected insolvecy costs considered by the planner and those perceived by the shareholders, leading
to larger ine�ciency in the shareholders' compensation choice and an elevated level of systemic risk.

17In the main model, we assume that the manager is always compensated regardless of the bank's
solvency condition. However, in Section1.6.2, we analyze the scenario where the bank's insolvency
imposes a cost for the manager as well.

12
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manager's choice of e�ort and investment portfolio, taking as given the o�ered compen-

sation contract. Next, we determine the principal's choice of the compensation contract

by anticipating the manager's decisions.

1.2.1 Graphical representation of the insolvency conditions

Before solving the model, it is useful to provide a graphical representation of the

insolvency conditions (1.6). By plugging the expressions of the overall returns (1.3) and

(1.4) into the insolvency conditions, we get the minimum returnyi on activity Y that is

needed for banki to avoid insolvency for a given realizationx on activity X .

The minimum return function yi (x) for each bank is given as follows

y1(x) = �
1 � � 1

� 1
x +

� e1 + l1rb + (1 + l1)� 1�
(1 + l1)� 1

; (1.7)

y2(x) = �
� 2

1 � � 2
x +

� e2 + l2rb + (1 + l2)� 2�
(1 + l2)(1 � � 2)

: (1.8)

We refer to function yi (x) as banki 's insolvency line. While the degree of diversi�cation

a�ects both the slope and the intercept of the insolvency lines, leverage and e�ort only

a�ects the intercept. Both diversi�cation and leverage depend on the manager's choice

of the investment portfolio.

Figure 1.2 depicts the graphical representation of the insolvency lines (1.7) and (1.8).

When the realized returny exceeds bothy1(x) and y2(x), the two banks remain solvent.

This condition is observed in the region aboveboth insolvency lines. Insolvency occurs

only at bank 1 when the realizationy falls below the liney1(x) but remains above the

line y2(x). This situation is represented by the areaI 1. Similarly, the area I 2 represents

a scenario where insolvency occurs exclusively at bank2. If the realized return y is lower

than both y1(x) and y2(x), a systemic crisis occurs, represented by the areaS.

Finally, we de�ne with � i the overall probability of bank i being insolvent, with � I
i

the probability of bank i being insolvent alone and with� S the probability of having

insolvency in both banks. Formally, we indicate withx � the abscissa of the crossing point

of the two insolvency lines, and we have

� i = � I
i + � S =

Z + 1

�1

Z yi (x)

�1
f (x)f (y) dy dx (1.9)

13
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I i represents an idiosyncratic insolvency at banki ; S represents systemic insolvency.

Figure 1.2: Insolvency Lines

� S =
Z x �

�1

Z y2 (x)

�1
f (x)f (y) dy dx +

Z + 1

x �

Z y1 (x)

�1
f (x)f (y) dy dx: (1.10)

Given the probabilities in (1.9) and (1.10), the expected insolvency cost for banki is

given by

c
�
� I

i + q� S
�

= c
�
� i + ( q � 1) � S

�
:

1.3 The manager's choice of e�ort and portfolio

The manager has negative exponential utility function and the gross returns on ac-

tivities are normally distributed, therefore, the utility maximization problem of bank i 's

manager is equivalent to

max
ei ;� ii ;� ij

E(wi ) �
1
2

V(wi ) �
1
2

e 2
i : (1.11)

In order to determinewi and its �rst and second moments, let us substitute expressions

(1.3) and (1.4) for vi and vj into manager's compensation (1.5). Consistent with the

relevant literature, we assume through the paper that each manager cannot observe the

compensation contract of the other manager. We get

14
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w1 = k1 + a1 [e1 + � 11x + � 12 (y � � )] � b1 [e2 + � 22y + � 21 (x � � )]

w2 = k2 + a2 [e2 + � 22y + � 21 (x � � )] � b2 [e1 + � 11x + � 12 (y � � )]

and we obtain

E(wi ) = ki + ai [ei + �� ii + ( � � � ) � ij ] � bi [ej + �� jj + ( � � � ) � ji ] i 6= j ; (1.12)

V(wi ) = ( ai � ii � bi � ji )2 + ( ai � ij � bi � jj )2 i 6= j: (1.13)

All else equal, an increase inai leads to a higher expected wage but also to a larger pay

volatility. An increase in bi instead has the opposite e�ect. It reduces the expected wage

but allows to decrease the compensation volatility.

The �rst-order conditions of problem (1.11) with respect to ei , � ii , and � ij determine

the manager's best responses (which we denote with an asterisk) for a given compensation

(ki ; ai ; bi ):

e�
i (ai ) =

ai


(1.14)

� �
ii (ai ; bi ; � ji ) =

� + bi � ji

ai
i 6= j ; (1.15)

� �
ij (ai ; bi ; � jj ) =

� � � + bi � jj

ai
i 6= j: (1.16)

Intuitively, the manager's e�ort provision is increasing in APE and decreasing in

disutility of e�ort  , and it does not depend on RPE. However, the presence of RPE

makes manageri 's choice of the investment portfolios a strategic complement to manager

j 's portfolio choice. In other words, manageri 's incentive to invest in his own bank's

activity � �
ii depends on the amount that managerj has diversi�ed in that activity � ji .

Similarly, manageri 's incentive to diversify in bankj 's activity � �
ij depends on the amount

managerj has invested in his own bank's activity� jj . This is because, all else being equal,

a larger return vj leads to a lower compensationwi . Therefore, manageri can only hedge

against this adverse outcome by choosing a portfolio that is similar to the one chosen

by manager j . All else being equal, a higher RPE makes manageri more sensitive to

managerj 's portfolio choice. On the contrary, a higher APE reduces such sensitivity.

15
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Given manageri 's best responses, we can characterize how the manager's compensa-

tion (ai ; bi ) a�ects the choice of leverage and degree of diversi�cation in each bank. We

have the following

Lemma 1.1. All else being equal, manageri 's choice of leveragel �
i is given by

l �
i = � �

ii (ai ; bi ; � ji ) + � �
ij (ai ; bi ; � jj ) � 1 =

2� � � + bi (� ji + � jj )
ai

� 1; (1.17)

which is decreasing inai and increasing inbi .

The intuition is that a higher APE increases the volatility of the manager's compensation.

Therefore, the best response for the manager is to reduce the scale of the overall resources

invested (i.e., the leverage). On the contrary, a higher RPE reduces the volatility of

the manager's compensation. As a result, the manager has an incentive to increase

leverage. Moreover, the presence of RPE also makes the choice of the leverage strategic

complements. The leveragel �
i chosen by manageri depends on the amount of leverage

(� ji + � jj ) chosen by managerj . Once again, the higher RPE is and the more sensitive

manageri is to the leverage choice of managerj .

Regarding the degree of diversi�cation� �
i chosen by manageri , we have the following

Lemma 1.2. All else being equal, manageri 's choice of the degree of diversi�cation� �
i

is given by

� �
i =

� �
ij

� �
ii + � �

ij
=

1
2

�
bi (� ji � � jj ) + �

2 [2� � � + bi (� ji + � jj )]
; (1.18)

which does not depend onai , and, if � jj � > � ji (� � � ), it is increasing in bi .

The intuition is the following. Since the expected return on own activity� outweighs

the return from diversi�cation � � � , the manager will only have an incentive to diversify

if it reduces the risk associated with his compensation. The APE does not in�uence the

manager's compensation risk through diversi�cation because it a�ects proportionally the

total investment � �
ii + � �

ij and the amount invested in the other bank� �
ij . Instead, as

mentioned earlier, manageri can reduce his compensation risk by selecting a portfolio

similar to that chosen by managerj when RPE is included in the compensation. Hence,

manager i is willing to invest relatively more in bank j 's activity (i.e., choose a more

diversi�ed portfolio) when managerj does so. This occurs when the expected return of

16
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bank j 's investment in its own activity � jj � exceeds the expected return of the diversi�ed

investment � ji (� � � ).18

The manager's compensation(ai ; bi ) in bank i also a�ects the choice of leverage and

degree of diversi�cation in bankj . We have the following

Lemma 1.3. All else being equal, managerj 's choice of leveragel �
j is given by

l �
j = � �

jj (ai ; bi ; � ij ) + � �
ji (ai ; bi ; � ii ) � 1 =

2� � � + bj (� ii + � ij )
aj

� 1; (1.19)

which is decreasing inai and increasing inbi . Manager j 's choice of the degree of diver-

si�cation � �
j is given by

� �
j =

� �
ji

� �
jj + � �

ji
=

1
2

�
bj (� ij � � ii ) + �

2 [2� � � + bj (� ii + � ij )]
; (1.20)

which, if � jj � > � ji (� � � ), is decreasing inai and it does not depend onbi .

The reason behind this result is the following. Bankj 's choice of leveragel �
j depends

on � ii + � ij , which is exclusively determined byl i . Hencel �
j and l i are positively related,

and the e�ects of (ai ; bi ) on l i , established in Lemma1.1, carry over to l �
j . Therefore, an

increase inai leads to a decrease inl i and consequently a decrease inl �
j . Similarly, an

increase inbi implies an increase inl i and, therefore, an increase inl �
j . Diversi�cation

in bank j , in principle, depends on bothai and bi because the choice of the investment

portfolios of bank i and bank j are strategic complements. However, Lemma1.3 estab-

lishes that only ai a�ects � �
j . Speci�cally, when � jj � > � ji (� � � ), diversi�cation � �

j is

decreasing inai . Interestingly, � �
j does not depend onbi because it a�ects � ji and � jj

proportionally, canceling out the two e�ects.

Overall, manageri 's compensation(ai ; bi ) in�uences leverage and diversi�cation in

both bank i (direct e�ect) and bank j (indirect e�ect). Leverage and diversi�cation, in

turn, a�ect the insolvency lines of both banks and systemic risk. The following proposition

establishes how manageri 's compensation a�ects systemic risk.

Proposition 1.1. Assume� jj � > � ji (� � � ), then systemic risk� S is decreasing inai

and increasing inbi .

18The analysis in Section1.4 shows that both the e�cient and the equilibrium allocations satisfy the
condition � jj � > � ji (� � � ) as long as� > 0.
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Proposition 1.1 summarizes the direct and indirect e�ect of(ai ; bi ) on the insolvency

condition of both banks. We utilize a graphical representation to provide the intuition of

the result. For the sake of exposition, we focus on the compensation in bank1, speci�cally

illustrating how a decrease ina1 and an increase inb1 a�ect systemic risk.

We begin by analyzing the direct e�ect of(a1; b1) on systemic risk. Figure1.3a and

Figure 1.3b provide graphical representations of the direct e�ect of a reduction ina1 and

an increase inb1, respectively, on the insolvency liney1(x) in (1.7) and on the systemic

crisis areaS. The insolvency line is characterized by its slope and y-axis intercept.

Recall that the slope ofy1(x) depends solely on the degree of diversi�cation, while the

intercept depends on manager's e�ort provision, leverage and diversi�cation. Now, let us

consider a reduction ina1. According to Lemma1.2, a1 does not a�ect diversi�cation,

meaning the slope of the insolvency line remains unchanged. However, a reduction ina1

implies higher leverage (as stated in Lemma1.1) and lower e�ort provision, both of which

increase the intercept ofy1(x). Figure 1.3a illustrates that a reduction in a1 shifts the

solid insolvency liney1(x) towards the dashed line. This indicates that bank1 is more

likely to be insolvent, resulting in an increase in the systemic insolvency area denoted as

�S . Next, let us examine the impact of an increase inb1. Such an increase a�ects both

the slope and the intercept ofy1(x). According to Lemma1.2, when � 22� > � 21 (� � � ),

diversi�cation is increasing in b1, leading to an increase in the slope. This change in

slope suggests a shift from idiosyncratic risk to systemic risk. However, the e�ect ofb1

on the intercept of y1(x) is ambiguous. An increase inb1 reduces the intercept ofy1(x)

through diversi�cation but increases it through leverage. Proposition1.1 demonstrates

that when � 22� > � 21 (� � � ), the abscissa of the crossing point of the two insolvency lines

is increasing inb1. That is, the crossing pointx � moves outwards alongy2(x), indicating

that an increase inb1 leads to higher systemic risk. Figure1.3billustrates how an increase

in b1 �attens the solid insolvency line y1(x) and shifts it outwards towards the dashed

line. This implies a reduction in bank1's idiosyncratic insolvency area (assuming the

intercept of y1(x) reduces) and an increase in the systemic insolvency area by� S.

Figure 1.3c and 1.3d represent graphically the indirect e�ect of a decrease ina1 and

an increase inb1, respectively, on bank2's insolvency line y2(x) in (1.8) and on the

systemic crisis areaS. According to Lemma1.3, a decrease ina1 increasesl2 and when

� 22� > � 21 (� � � ), it also increases� 2. The slope ofy2(x) depends solely and negatively on

18
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(a) (b)

(c) (d)

Figure 1.3: The E�ect of Compensation on Systemic Risk

� 2; therefore, the increase in� 2 shifts the line upwards (i.e., the slope decreases). The slope

change suggests a shift from bank2's idiosyncratic risk to systemic risk. Additionally,

the intercept of y2(x) also increases due to the increase inl2 and � 2. Proposition 1.1

further demonstrates that the abscissax � of the crossing point of the two insolvency lines

decreases whena1 reduces, shifting the crossing point upwards alongy1(x). Figure 1.3c

illustrates how a reduction ina1 makes the solid insolvency liney2(x) steeper and shifts

it upwards towards the dashed line. This implies an increase in bank2's insolvency area

and an increase in the systemic insolvency area by� S. An increase inb1 impacts only

the leveragel2 of bank 2. Figure 1.3d shows how higher leverage in bank2 shifts the

insolvency liney2(x) from the solid line to the dashed line in a parallel fashion, increasing

bank 2's idiosyncratic insolvency area and the systemic insolvency area by�S .
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1.4 Equilibrium analysis

To study the equilibrium compensation contract, we analyze two cases. First, we

establish the constrained e�cient compensation contract as a benchmark. We assume

that a social planner acts as the principal in both banks. The compensation contract

is constrained e�cient since the managers are responsible for choosing e�ort and the

investment portfolio in each bank. Therefore, the planner still needs to provide incentives

to them. We then move on to discuss the compensation contract in a decentralized

environment where shareholders of each bank are the principal of their own bank.

De�nition 1.1. The constrained e�cient compensation contract is chosen by a social

planner with the objective to maximize the sum of the expected return of the two banks

minus the expected costs of both idiosyncratic and systemic insolvency

W = E (v1) + E (v2) � c
�
� 1 + � 2 + 2 ( q � 1) � S

�
:

We �rst solve the e�cient compensation contract. Since the investment activities are

independently and identically distributed, and the managers have the same preference,

the planner o�er symmetric compensation contracts across banks. That is,

k1 = k2 = k; a1 = a2 = a; b1 = b2 = b:

Given the symmetry of the planner's problem, it can be written by only considering

bank i as follows

max
k;a;b

E(vi ) � c
�
� i + ( q � 1) � S

�
(1.21)

s:t: E (wi ) �
1
2

V(wi ) �
1
2

e 2
i � 0 (1.22)

ei = e�
i (a); � ii = � �

ii (a; b; �ji ); � ij = � �
ij (a; b; �jj ): (1.23)

ej = e�
j (a); � jj = � �

jj (a; b; �ij ); � ji = � �
ji (a; b; �ii ): (1.24)

Constraint (1.22) refers to the manager's participation condition, where the outside option

of manageri has been normalized to0 without loss of generality. The set of constraints

(1.23) represents the manager's incentive compatibility conditions, that is, the manager's

20
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best responses for a given compensation contract characterized in Section1.3. Finally, we

follow Ozdenoren and K. Yuan (2016) by imposing the set of constraints (1.24). This en-

sures that even if each manager cannot observe the contract o�ered to the other manager,

the planner anticipates both managers' e�ort and investment decisions. Consequently, the

planner selects the compensation considering that the systemic risk is jointly determined

by the decisions of the two managers.

We denote the solutions of problem (1.21) as (k̂; â; b̂). The following proposition

characterizes the constrained e�cient compensation contract.

Proposition 1.2. The constrained e�cient compensation contract(k̂; â; b̂) is determined

by solving the planner's problem(1.21). At the optimum, the best responses of the two

managers are symmetric. The optimal compensation contract featuresâ > b̂ > 0.

Proposition 1.2 demonstrates that it is e�cient to include RPE (that is, b̂ > 0) in the

compensation contract. This inclusion provides an incentive for the manager to select the

optimal degree of diversi�cation and the e�cient expected insolvency cost. Additionally,

e�ciency necessitates assigning more weight on APE than RPE in the optimal contract

(that is, â > b̂).

The constrained e�cient compensation contract serves as a benchmark for comparing

it with the compensation contract determined in a decentralized environment.

De�nition 1.2. The decentralized equilibrium compensation contract is chosen by share-

holders in each bank with the objective to maximize the expected return on equityE(Ri )

minus the expected cost of managerial compensation based on return on equityE(w0
i ) and

the expected costs of both idiosyncratic and systemic insolvency of their own bank

E(Ri ) � E(w0
i ) � c

�
� i + ( q � 1) � S

�
:

The shareholders are concerned with the excess return of their activities, which is

the return above the borrowing raterb. In contrast, the social planner is interested in

the total return of the investment activities. Thus, the perceived pro�tability of the

same investment project di�ers between the two types of principals. To ensure that

di�erences in pro�tability do not in�uence the results, we follow the approach of R.

Albuquerque, Cabral, and Guedes (2019) by normalizing the expected excess returns of

the investment activities to � . This normalization ensures that the perceived pro�tability

21
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of the investment activities remains consistent for both principals and that any di�erences

in the principals' compensation choices are not attributable to di�erences in perceived

pro�tability. 19

Speci�cally, bank 1 invests in activity ~X; while bank 2 invests in activity ~Y. The

realized gross return of these two activities are~x and ~y, respectively. We assume that

the expected excess returns of the two activities in the shareholders' case are equal to

the expected gross returns of the activities considered in the social planner's case. That

is, E(~x � rb) = E(~y � rb) = � . We maintain the assumption that the variance of the

investment activities is equal to1.

De�ning x = ~x � rb and y = ~y � rb, bank 1's gross equity return is determined by

subtracting the debt repayment from the gross return of the bank which is as follows20

R1 = e1 + � 11x + � 12(y � � ) + rb:

Similarly for bank 2, we have

R2 = e2 + � 22y + � 21(x � � ) + rb:

Once the value of the investment activities is the same for both the shareholders and the

social planner, we examine whether the shareholders provide a di�erent compensation to

the manager compared to the social planner.

The shareholders design a linear compensation contract that includes both APE and

RPE, which now depends on the gross equity return,

w0
i = ki + ai Ri � bi Rj : (1.25)

Manager i 's problem is

max
ei ;� ii ;� ij

E(w0
i ) �

1
2

V(w0
i ) �

1
2

e 2
i : (1.26)

19Without normalizing the expected excess returns of investment activities, the expected return on
equity is reduced by the borrowing cost, i.e., the expected return to debtholders. To compensate for
this reduction, shareholders will incentivize their manager to take on more leverage and increase the
investment size. Consequently, due to the presence of RPE in the compensation contract, the manager
will also choose greater diversi�cation of the investment portfolio. As a result, the systemic risk increases.
Therefore, without normalization, ine�ciencies caused by shareholders' compensation choice would be
ampli�ed.

20Formally, the gross equity return of bank 1 is R1 = e1 + � 11 ~x + � 12(~y � � ) � (� 11 + � 12 � 1)r b, which
is equivalent to R1 = e1 + � 11(~x � r b) + � 12(~y � r b � � ) + r b.
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The �rst-order conditions of problem (1.26) with respect to ei , � ii and � ij give the man-

ager's best responsese�
i (ai ), � �

ii (ai ; bi ; � ji ) and � �
ij (ai ; bi ; � jj ), respectively, and they coincide

with equations (1.14), (1.15) and (1.16).

The problem faced by shareholders in banki is

max
k i ;ai ;bi

E(Ri ) � E(w0
i ) � c

�
� i + ( q � 1) � S

�
(1.27)

s:t: E (w0
i ) �

1
2

V(w0
i ) �

1
2

e 2
i � 0 (1.28)

ei = e�
i (ai ); � ii = � �

ii (ai ; bi ; � ji ); � ij = � �
ij (ai ; bi ; � jj ): (1.29)

The manager still receives his outside option given by the constraint (1.28), and share-

holders anticipate the manager's best responses as dictated by the constraints (1.29).

However, the shareholders fail to consider the strategic complementarity between the in-

vestment choices of manageri and managerj . The solution to problem (1.27) is given

by the equilibrium compensation contract(~ki ; ~ai ;~bi ).

Notice that normalizing the expected excess returns of the two activities makes them

more pro�table for the bank as a whole, compared to the social planner's case. Thus,

holding everything else equal, the bank is less likely to become insolvent according to the

insolvency condition (1.6). As a result, the expected cost of insolvency will be mechan-

ically lower compared to the social planner's case. To ensure compatibility between the

problems faced by shareholders and the social planner, we maintain the same expected

insolvency costc
�
� i + ( q � 1) � S

�
as in the social planner's case.21

The following proposition characterizes the symmetric equilibrium compensation con-

tract (~k; ~a;~b).

Proposition 1.3. When shareholders act as the principal, the equilibrium compensation

contract (~k; ~a;~b) is determined by solving the problem(1.27). In a symmetric equilibrium

with ~ki = ~kj = ~k, ~ai = ~aj = ~a and ~bi = ~bj = ~b, the incentive pay features~a > ~b > 0.

In both the constrained e�cient and the decentralized equilibrium, the equilibrium

e�ort level ei is obtained by plugging the correspondinga into (1.14), and the equilibrium

21With lower actual probability of insolvency and the resulting reduction in expected insolvency costs,
shareholders would select a compensation that induces the manager to take on more risk (everything
else equal). This would further magnify the di�erence between the social planner's and the shareholders'
choices of the compensation contract established in Proposition1.3.
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investment portfolio (� ii ; � ij ) is determined by plugginga and b into (1.15) and (1.16).

Lemma 1.4. For given compensation contract(k; a; b), the equilibrium e�ort is

ei = ej =
a


: (1.30)

The equilibrium investment portfolio is

� ii = � jj =
a� + b(� � � )

a2 � b2
(1.31)

� ij = � ji =
a(� � � ) + b�

a2 � b2
: (1.32)

It should be noted that a > b and � > 0 hold in both the constrained e�cient and

decentralized environment, hence, each bank invests more in its own activity than in the

activity of the other bank. In other words, the equilibrium portfolios are characterized

by � ii > � ij (and � jj > � ji ). This implies that the condition � jj � > � ji (� � � ) is satis�ed.

Therefore, the results in Lemma1.2, Lemma 1.3 and Proposition1.1 hold with both the

constraint e�cient and the decentralized compensation contracts. The following corollary

provides the equilibrium leveragel and degree of diversi�cation� .

Corollary 1.1. For given compensation contract(k; a; b), the equilibrium leverage is given

by

l = l i = l j =
2� � �
a � b

� 1: (1.33)

The equilibrium degree of diversi�cation is given by

� = � i = � j =
1
2

�
(a � b) �

2 (2� � � ) (a + b)
: (1.34)

The equilibrium leveragel and degree of diversi�cation� are obtained by plugging

the corresponding equilibrium investment portfolio(� ii ; � ij ) into (1.17) and (1.18), re-

spectively. We denote the constraint e�cient leverage and diversi�cation bŷl and �̂ and

the decentralized equilibrium level of leverage and diversi�cation by~l and ~� , respectively.

Given that a > b and � > 0 hold in both the constrained e�cient and decentralized
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environment, the equilibrium does not feature a fully diversi�ed portfolio. That is, the

degree of portfolio diversi�cation� is less than1
2 . A fully diversi�ed investment is indeed

not optimal for the manager. Since� > 0, the manager considers the investment in own

bank's activity more pro�table than the investment in the other bank's activity. If � = 0,

then � = 1
2 . This is because it would be optimal for the managers to invest in a per-

fectly diversi�ed portfolio with two identically and independently distributed activities

and without taking insolvency costs into consideration. However, having a fully diversi-

�ed portfolio in both banks would result in all risks becoming systemic. Assuming that a

systemic insolvency is more costly than an idiosyncratic one, a principal who can directly

choose the banks' investment portfolios would never choose to have full diversi�cation

� = 1
2 . W. Wagner (2010) demonstrates, in a setting without principal-agent frictions

and exogenous leverage, that full diversi�cation is indeed not an equilibrium. The cost of

diversi�cation � in our model then creates a clear distinction between idiosyncratic and

systemic risk and precludes full diversi�cation.22

1.4.1 Comparison

In this section, we compare the shareholders' choice(~a;~b) with those of the planner

(â; b̂), and we discuss the implication on the systemic risk.

Proposition 1.4. Comparing the constrained e�cient contract (â; b̂) with the equilibrium

contract o�ered by shareholders(~a;~b), it holds that ~a < â and ~b > b̂. Therefore, when

shareholders act as the principal, systemic risk is higher than the constrained e�cient

level.

First, notice that once we establish that~a < â and ~b > b̂, it immediately follows from

Proposition 1.1 that the decentralized equilibrium features an ine�ciently high level of

systemic risk. To grasp the intuition, observe that~a < â and ~b > b̂ imply that in

equilibrium, shareholders induce the manager to choose a leverage amount higher than

the constrained e�cient one (that is, ~l > l̂) and to over-diversify the investment portfolio

(that is, ~� > �̂ ).23

22Section1.6.2shows that the impact of compensation(ai ; bi ) on systemic risk remains unchanged with
� = 0 . In this case, the relevant externality arises from the choice of leverage while the diversi�cation
channel is muted. Furthermore, Section1.6.2 also demonstrates that when insolvency is costly for the
manager as well, full diversi�cation is not chosen even when� = 0 .

23It is again important to highlight that when � = 0 , the equilibrium contract implements the con-
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There are three reasons for this result. The �rst reason pertains to the direct e�ect

that leverage and diversi�cation have on idiosyncratic versus systemic risk, as well as

the corresponding expected insolvency costs. The planner considers the insolvency costs

of both banks, whereas shareholders only take into account the insolvency costs of their

own bank. However, the choice of systemic risk a�ects the insolvency costs ofboth banks.

When bank i increases its exposure to systemic risk, it raises overall systemic risk, which

in turn drives up the expected insolvency cost for bankj as well. Such additional cost

is not internalized by shareholders in banki , therefore they induce their manager to

leverage and diversify more than the e�cient level. A representation of this externality

is provided in Figure 1.3a and Figure 1.3b. In both �gures, before the reduction in a1

and/or the increase inb1, the area� S represented an idiosyncratic insolvency for bank

2. When shareholders in bank1 change the compensation of their manager, bank2 now

faces a systemic insolvency in the area� S. As a result, the expected insolvency costs for

bank 2 increase. The change in the compensation contract in bank1 causes a spillover

e�ect on bank 2.

The second reason is related to the indirect e�ect of managerial compensation, speci�-

cally the strategic complementarity of the managers' portfolio choices. The compensation

in bank i indirectly a�ects the investment portfolio choice in bank j . The response of

the investment portfolio choice in bankj then has a feedback e�ect on the portfolio

choice in banki . However, shareholders in banki , when determining the compensation,

consider bankj 's portfolio choice as given. In other words, shareholders in banki do

not take into account the indirect e�ect of managerial compensation, underestimating its

impact on leverage, diversi�cation, and systemic risk. Figure1.3c and Figure 1.3d pro-

vide the graphical representation of this externality. In Figure1.3c, shareholders in bank

1 decreasea1, prompting bank 2 to adjust its diversi�cation and leverage in response.

Consequently, a portion of bank2's idiosyncratic risk becomes systemic risk, enlarging

the systemic insolvency area by� S. In Figure 1.3d, an increase inb1 leads to bank2

increasing its leverage, expanding the systemic insolvency area by� S. shareholders in

bank 1 do not internalize these e�ects. They value the insolvency costs associated with

a lower a1 and higherb1 less than the planner does.

Lastly, the di�erence in compensation o�ered by shareholders is further in�uenced by

strained e�cient full diversi�cation (i.e., �� = �̂ = 1=2). However, the equilibrium leverage is still higher
than the constrained e�cient one (i.e, �l > l̂ ). Consequently, systemic risk remains ine�ciently high.
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the risk-sharing aspect of the compensation contract between shareholders and managers.

This insight has already been documented in R. Albuquerque, Cabral, and Guedes (2019).

Shareholders' expected payo� is reduced by the manager's expected compensation, so they

�nd it convenient to reduce E(wi ). To achieve this, shareholders decreasea. However,

in order to maintain the utility of the risk-averse manager unchanged, shareholders also

need to increaseb to reduce the managerial pay riskV(wi ).24

Notably, the last agency friction disappears when the stakeholders within each bank

are in charge of determining the manager's compensation contract (see Section1.6.1).

Stakeholders would indeed consider the risk-sharing aspect and maximize the total value

of the bank. Nevertheless, the �rst two externalities remain unaddressed even when

stakeholders determine the manager's remuneration. We focus on shareholders as the

principal due to its empirical relevance, but it is important to emphasize that the �rst

two externalities identi�ed would still persist in a setting in which also the interest of the

debtholders are taken into account.

1.5 The optimal policy

The previous analysis emphasizes the need to address the externalities generated by

managerial compensation. Therefore, the optimal policy should compel shareholders to

internalize these externalities. How can the regulator accomplish this?

The most straightforward approach is to adopt caps on both leverage and diversi�ca-

tion. Let us begin by examining the e�ectiveness ofa cap on leverage L. If the regulator

sets the leverage cap within the rangêl � L < ~l, the regulation constrains the equilibrium

leverage~l chosen by the shareholders. By imposing a binding leverageL, the manager's

problem becomes

max
ei ;� ii ;� ij

E(w0
i ) �

1
2

V(w0
i ) �

1
2

e 2
i

s:t: � ii + � ij � 1 = L:

24Notice that common ownership (i.e., when both banks are owned by the same shareholders) does
not reduce ine�ciency but actually leads to a higher usage of RPE. Increasing RPE by shareholders in
bank i , all else being equal, results in a reduction in managerj 's compensation variance, which bene�t
bank j 's shareholders. Under common ownership, this externality is internalized, resulting in higher
RPE (see also R. Albuquerque, Cabral, and Guedes (2019)). Iselin, Liao, and H. Zhang (2021) provide
evidence that a bank's connection with other banks through common ownership increases its contribution
to systemic risk.

27



660135-L-bw-Zhao660135-L-bw-Zhao660135-L-bw-Zhao660135-L-bw-Zhao
Processed on: 18-9-2024Processed on: 18-9-2024Processed on: 18-9-2024Processed on: 18-9-2024 PDF page: 36PDF page: 36PDF page: 36PDF page: 36

The solutions of this problem are the best responses of the manager for a given compen-

sation (ki ; ai ; bi ) and the regulation on leverageL:

e�
i (ai ) =

ai


(1.35)

� �
ii (ai ; bi ; L; � jj ; � ji ) =

1 + L
2

+
bi (� ji � � jj ) + �

2ai
i 6= j (1.36)

� �
ij (ai ; bi ; L; � jj ; � ji ) =

1 + L
2

�
bi (� ji � � jj ) + �

2ai
i 6= j: (1.37)

Given the best responses of the mangers, the symmetric equilibrium degree of diversi�-

cation, expressed in terms of the pay contract(a; b) and the cap on leverageL, is

� L =
1
2

�
�

2 (a + b) (1 + L)
: (1.38)

Note that as the constraint on leverage becomes more binding (i.e.,L decreases), the

level of diversi�cation � L decreases. However, the following proposition states that a

cap on leverage equal to the e�cient level̂l does not achieve e�cient diversi�cation and,

consequently, fails to obtain e�cient systemic risk.

Proposition 1.5. AssumeL = l̂, then ~a + ~b < â + b̂. Therefore, ~� L = l̂ = 1
2 � �

2(~a+ ~b)(1+ l̂ )
<

�̂ = 1
2 � �

2(â+ b̂)(1+ l̂ )
.

Proposition 1.5 establishes that the e�cient cap on leverage results in an insu�cient

level of diversi�cation. This implies that an additional cap on diversi�cation would not be

e�ective, as it would not bind and would fail to restore the e�cient level of systemic risk.25

Neither of these caps encourages shareholders to internalize the relevant externalities.

To determine the optimal policy, we de�ne the ratiop � b
a as the relative intensity

of RPE over APE. Let us rewrite the e�cient leveragel̂ and diversi�cation �̂ provided in

Corollary 1.1 in terms of the constrained e�cient contract (p̂; b̂), as follows:

l̂ =
(2� � � )p̂

b̂(1 � p̂)
� 1 (1.39)

25The regulator can impose a cap on diversi�cation in various ways. The most straightforward way
is to a�ect the cost of diversi�cation � . For instance, the regulator can impose higher taxes when
banks diversify their lending in new regions or sectors, or assign higher risk weights to diversi�ed assets.
However, any measure a�ecting� would also impact the compensation(a; b) in our model. Regulating
� does not result in the e�cient compensation (results are available upon request). The optimal policy
can be achieved by directly regulating the compensation parameters.
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�̂ =
1
2

�
(1 � p̂)�

2(2� � � )(1 + p̂)
: (1.40)

Proposition 1.4 states that the shareholders o�er to the manager~a, which is lower than

the e�cient â, and~b, which is higher than the e�cient b̂. That is, we have~p = ~b
~a > b̂

â = p̂.

Equation (1.39) and (1.40) suggest that the excessive relative intensity of RPE results in

too much leverage and diversi�cation in equilibrium. Therefore, the optimal regulation

necessarily requires imposing acap P on the relative intensity of RPEthat shareholders

can o�er to the manager. Suppose the regulator sets the capP equal to the e�cient level

p̂. It follows from (1.40) that e�cient diversi�cation is implemented.

However, similar to the cap on leverage, we need to verify whether the capP is

su�cient to induce the e�cient leverage l̂ . Equation (1.39) reveals that l̂ depends not only

on p̂ but also onb̂. The next proposition establishes that a capP = p̂ leads shareholders

to increase the usage of RPE to a level~bP that is higher than the equilibrium level~b. We

have

Proposition 1.6. AssumeP = p̂, then ~bP > ~b > b̂. Therefore, ~lP = p̂ = (2� � � )p̂
~bP (1� p̂)

� 1 < l̂ .

Although the cap on the relative intensity of RPEpi induces e�cient diversi�cation,

the excessively high level of RPE implies ine�cient leverage and systemic risk. Notice

that a regulation that imposes both a capP = p̂ on pi and a capL = l̂ on leverage would

not restore e�ciency either. This is because the cap on leverage would not be binding for

shareholders (since~lP = p̂ < l̂), and therefore, it would not a�ect their choice of leverage.

The following proposition provides the optimal regulation for implementing the e�cient

allocation.

Proposition 1.7. A cap on the relative intensity of RPE, withP = p̂, combined with a

cap on the level of RPE, withB = b̂, implements the e�cient allocation.

Our analysis emphasizes that regulation targeting leverage and diversi�cation is inef-

fective in restoring the e�cient systemic risk. The optimal regulation must be imposed on

the RPE component of the managerial compensation to address the relevant externalities.

1.6 Robustness and extensions

This section discusses some assumptions of the model and provides a few extensions

that clarify their role.

29



660135-L-bw-Zhao660135-L-bw-Zhao660135-L-bw-Zhao660135-L-bw-Zhao
Processed on: 18-9-2024Processed on: 18-9-2024Processed on: 18-9-2024Processed on: 18-9-2024 PDF page: 38PDF page: 38PDF page: 38PDF page: 38

1.6.1 The stakeholders case

This section aims to show that when stakeholders in each bank choose the compen-

sation contract, the agency friction identi�ed in Section1.4.1 disappears but the other

two externalities persist. We assume that each bank has a frictionless governance struc-

ture, where stakeholders act as the principal. These stakeholders represent the interests

of both shareholders and debtholders, and their objective is to maximize the expected

total value of their own bank, which is the expected overall return minus the expected

insolvency cost.26 Notice that the manager's problem is identical to the one analyzed in

Section1.3. As a result, the manager's best responses continue to be the same as those

derived in (1.14), (1.15) and (1.16).

Given the symmetry of the problem, we consider banki . The stakeholders in banki

face the following problem

max
k i ;ai ;bi

E(vi ) � c
�
� i + ( q � 1) � S

�
(1.41)

s:t: E (wi ) �
1
2

V(wi ) �
1
2

e 2
i � 0 (1.42)

ei = e�
i (ai ); � ii = � �

ii (ai ; bi ; � ji ); � ij = � �
ij (ai ; bi ; � jj ): (1.43)

The manager still receives his outside option given by the constraint (1.42), and stake-

holders anticipate the manager's best responses as dictated by the constraints (1.43).

However, the stakeholders fail to consider the strategic complementarity between the in-

vestment choices of manageri and managerj . The solution to problem (1.41) is given

by the equilibrium compensation contract(�ki ; �ai ; �bi ), which in turn determines the man-

ager's equilibrium choices�ei , �� ii and �� ij which are the same as in Lemma1.4 with the

corresponding compensation contract(�ki ; �ai ; �bi ). Given the equilibrium portfolio ( �� ii ; �� ij ),

the symmetric equilibrium leverage�l and diversi�cation �� also follow Corollary1.1.

To determine if systemic risk in equilibrium is e�cient, it is crucial to characterize

the relationship between the constrained e�cient pay contract(â; b̂) and the one o�ered

by the stakeholders(�a;�b). The following proposition establishes this relationship and its

consequences for systemic risk.

26Notice that when comparing the stakeholders' problem with the social planner's problem, it is not
necessary to normalize the returns of the two activities as speci�ed in Section1.4. Indeed, when stake-
holders determine the manager's compensation, they consider the total value of the bank and the total
returns of the two activities as in the social planner, eliminating the need for normalization.
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Proposition 1.8. Comparing the constrained e�cient contract (â; b̂) with the equilibrium

contract o�ered by stakeholders(�a;�b), it holds that �a < â and �b > b̂. Therefore, when

stakeholders act as the principal, systemic risk is higher than the constrained e�cient

level.

This result points at the �rst two externalities identi�ed in Proposition 1.4. The

planner considers the insolvency costs of both banks, whereas stakeholders only take into

account the insolvency costs of theirown bank. When banki increases its systemic risk

exposure, it raises overall systemic risk, which in turn drives up the expected insolvency

cost for bank j as well. This additional cost borne by bankj is not internalized by

stakeholders in banki , leading them to incentivize their manager to leverage and diversify

more than the e�cient level.

In addition, the strategic complementarity of the managers' portfolio choices persists.

While the compensation in banki directly a�ects its investment portfolio, it also in-

directly in�uences the portfolio choice of bankj . This response from bankj in turn

creates a feedback e�ect on the portfolio choice of banki . However, when determining

compensation, stakeholders in banki treat bank j 's portfolio choice as a given, conse-

quently, underestimating the indirect impact of managerial compensation on leverage,

diversi�cation, and ultimately, systemic risk.

1.6.2 The diversi�cation cost �

Lemma1.4indicates that managers choose a perfectly diversi�ed portfolio when� = 0.

In this section, we �rst argue that the main results remain valid even when portfolios are

perfectly diversi�ed. Second, we present an alternative explanation for why managers

may avoid perfect diversi�cation, even when� = 0.

In the absence of diversi�cation cost (� = 0), in equilibrium, each manager sets

~� ii = ~� ij . Hence, ~� = 1=2, and diversi�cation in both banks no longer depends on the

compensation contracts(k; a; b). Since both banks have the same perfectly diversi�ed

portfolio, all risk is now systemic. Notice that diversi�cation in the decentralized equi-

librium is e�cient (as �̂ = 1=2 as well). In this case, the compensation contracts do not

a�ect systemic risk through the choice of diversi�cation. However, the compensation con-

tract still a�ects leverage (see expressions (1.17) and (1.19)) and, consequently, systemic

risk. Thus, the compensation contract a�ects leverage both directly and indirectly when
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� = 0. This implies that the compensation contract a�ects systemic risk through leverage

in the same way established in Proposition1.1. Finally, it is important to note that both

the constrained e�cient allocation and the decentralized equilibrium allocation do not

depend on� . Since the shareholders consider the insolvency cost of their own bank and

do not consider the strategic complementarity of the managers' portfolio choices, they

underestimate the e�ect of the compensation choice on systemic risk. Such externality

does not depend on� , and Proposition1.4still holds. In equilibrium, shareholders choose

an ine�ciently low APE and high RPE, resulting in an ine�ciently high leverage and

systemic risk. In this case, the policy implication would di�er from Section1.5. Adopting

a cap on leverageL equal to the e�cient amount l̂ would restore e�ciency.

The possibility that compensation does not a�ect diversi�cation, however, is very

restrictive. The reason why a fully diversi�ed portfolio emerges when� = 0 is rooted in

the manager's problem. Any principal (either the planner or the shareholders) anticipates

that the systemic crisis is more costly than an idiosyncratic crisis. Hence, any principal

would avoid the fully diversi�ed portfolio even when� = 0. On the contrary, the manager

does not take into account insolvency costs. The manager considers the two investment

activities as identical when� = 0, so the manager fully diversi�es. The easiest way to

prevent the manager from choosing the fully diversi�ed portfolio is to assume� > 0. This

allows us to study the more interesting case of a portfolio choice that trades o� between

idiosyncratic and systemic risk.

An alternative approach to analyzing this trade-o� is to assume, as suggested by K. M.

Schmidt (1997), that the manager experiences a loss in utility when insolvency takes place.

Speci�cally, we set the manager's utility loss to0 in case of idiosyncratic insolvency, and

assume a positive utility loss of� when systemic insolvency occurs. The systemic crisis

is more detrimental to the manger because it leads to worse career prospects when both

banks fail.27 Assuming � = 0, we demonstrate that managers do not opt for a fully

diversi�ed portfolio in any symmetric equilibrium. In the following analysis, we focus on

the case where the manager's compensation is based on the bank's overall returnv, as

de�ned in equation (1.5). This analysis would also hold if the compensation is designed

based on the gross equity returnR, as de�ned in equation (1.25).

We assume that the manager has mean-variance utility with respect to the compensa-

27Bolton, Mehran, and Shapiro (2015) consider an alternative model where the manager's compensa-
tion is determined by the bank's insolvency.
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tion and incurs a cost when exerting e�ort. The manager's compensationwi is equivalent

to equation (1.5). Bank i 's gross returnvi is given by the equation (1.3) with � = 0. The

maximization problem for the manager can be expressed as follows:

max
ei ;� ii ;� ij

E(wi ) �
1
2

V(wi ) �
1
2

e 2
i � � S� ; (1.44)

whereE(wi ) is given by the equation (1.12) with � = 0, andV(wi ) is given by the equation

(1.13). The �rst-order conditions of (1.44) with respect to ei , � ii , and � ij determine the

manager's best responses for a given compensation(ki ; ai ; bi ):

e�
i (ai ; bi ) =

ai � @�S

@ei
�



� �
ii (ai ; bi ) =

� + bi � ji � @�S

@�ii
�
ai

ai
i 6= j

� �
ij (ai ; bi ) =

� + bi � jj � @�S

@�ij
�
ai

ai
i 6= j:

In a symmetric equilibrium, for given equilibrium compensation(k; a; b) with a > b > 0,

the investment portfolio is given by

� ii (a; b) =
a(a + b) � �

�
b@�S

@�ij
+ a@�S

@�ii

�
�

a (a2 � b2)
(1.45)

� ij (a; b) =
a(a + b) � �

�
a@�S

@�ij
+ b@�S

@�ii

�
�

a (a2 � b2)
: (1.46)

From the equilibrium values� ii (a; b) and � ij (a; b), we can observe that the fully diversi�ed

portfolio with � ii = � ij can be an equilibrium choice if and only if@�S

@�ij
= @�S

@�ii
. The two

derivatives represent how the two portfolio components in�uence systemic risk. Therefore,

for the fully diversi�ed portfolio to be an equilibrium outcome, � ii and � ij should a�ect

systemic risk in the same manner. In such a scenario, the manager would be indi�erent

between� ii and � ij , and would select the fully diversi�ed portfolio with � ii = � ij . However,

the following proposition asserts that the equality of the two derivatives does not hold

when � ii = � ij .

Proposition 1.9. Assume in a symmetric equilibrium� ii = � ij , then @�S

@�ij
6= @�S

@�ii
. Hence,

the fully diversi�ed portfolio with � ii = � ij is not an equilibrium.
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The intuition is as follows. Remember that both leverage and the degree of diversi�-

cation determine systemic risk. The two components of the portfolio,� ii and � ij , have the

same impact on leverage, and therefore, they a�ect systemic risk in the same way through

leverage. However,� ii and � ij a�ect the degree of diversi�cation di�erently. Investing

in the other bank's activity, � ij , increases the degree of diversi�cation, while investing in

own bank's activity, � ii , decreases it. Consequently,� ii and � ij a�ect the systemic risk

di�erently through diversi�cation. These distinct e�ects on systemic risk suggests that

the derivatives @�S

@�ii
and @�S

@�ij
cannot be equal when� ii = � ij . That is, the fully diversi�ed

portfolio is not an equilibrium choice regardless of who is the principal in charge of the

bank.

In the benchmark model, we do not include the insolvency risk as part of the com-

pensation contract. This is done for tractability reason, but without loss of generality.

The ine�ciency in our model stems from the externalities caused by the shareholders'

selection of managerial compensation. This is independent of the speci�c structure of the

compensation, as long as both the social planner and the shareholders employ the same

structure.

1.6.3 Insolvency costs and bank size

In the benchmark model, we made the assumption that insolvency costs are �xed.

However, it may be reasonable to consider them as proportional to the bank's size. This

means that when insolvency occurs only at banki , it can liquidate its portfolio at a loss of

c(� ii + � ij ). However, if bankj is also insolvent, then banki has to liquidate its portfolio

at a loss ofqc(� ii + � ij ), with q > 1. In this case, the principal must consider the trade-o�

between the bank size and the expected insolvency cost when determining the manager's

compensation. Increasing the bank size not only raises the probability of insolvency but

also increases the amount of loss. Compared to the case where the insolvency costs are

�xed, given a certain expected total value of the bank, the principal needs to reduce the

bank size to lower the expected insolvency costs. Since reducing bank size(� ii + � ij ) in

our model is equivalent to decreasing leveragel i , a smaller bank size can be achieved

with a higher APE and a lower RPE. Such a choice of compensation results in lower

diversi�cation and systemic risk as well.

Nevertheless, when the insolvency costs are proportional to the bank's size, the in-
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e�ciency in the decentralized equilibrium incentive pay would increase. Intuitively, for

given bank size, insolvency costs that are proportional to bank's size amplify the di�er-

ence between the expected insolvency costs of the planner and the shareholders. This

leads to a larger ine�ciency in the shareholders' compensation choice compared to the

one established in Proposition1.4. In addition, the shareholders' choice of bank size itself

is ine�cient since they consider a reduced impact of the compensation on the portfolio

choice. This further widens the gap between the expected insolvency costs of the planner

and the shareholders, thus magnifying the ine�cient choice of the compensation.

1.6.4 The e�ectiveness of adopted policies

In this section, we examine whether the current regulations are e�ective in implement-

ing the e�cient systemic risk. If not, we explore whether they are able at least to reduce

it. We initially examine the cap on variable payrecently implemented in Europe with the

CRD IV. The regulation stipulates that the variable pay component cannot exceed 100%

of �xed salary. That is, ai Ri � bi Rj � ki . This implies that the manager's compensation

with a cap on variable paywc
i becomes

wc
i = ki + min f ai Ri � bi Rj ; ki g: (1.47)

R. Albuquerque, Cabral, and Guedes (2019) have already highlighted that such cap intro-

duces a kink in the manager's compensation. Therefore, the compensation still exhibits

concavity in ai Ri � bi Rj . Since the manager's utility function is increasing and concave

in wc
i , the utility also remains increasing and concave inai Ri � bi Rj . The choices of

the investment portfolios by the managers are still strategic complements, and the share-

holders can in�uence diversi�cation and leverage by selecting the(ai ; bi ) that best align

with their interests. Hence, a cap on variable pay does not restrain the shareholders'

desires for an ine�ciently high leverage, diversi�cation, and systemic risk. That is, a cap

on variable pay does not prevent the occurrence of the externalities highlighted by our

model. It may even have adverse e�ects on systemic risk, at least in the short term. We

have
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Proposition 1.10. For given equilibrium compensation(ki ; ai ; bi ), if

E(w0
i ) � E(wc

i ) >
E [(w0

i )
2] � E [(wc

i )
2]

2 + E(w0
i ) + E(wc

i )
; (1.48)

then a cap on variable pay increases systemic risk.

The intuition is the following. The cap on variable pay reduces both the expected

pay and the pay risk. Therefore, the overall e�ect on manager's expected utility is not

clear. Condition (1.48) guarantees that the manager's expected utility is reduced, thereby

violating the manager's participation constraint. Due to the presence of RPE in the pay

contract, the manager has incentive to choose a portfolio that is even more similar to

the one chosen by the other bank in order to satisfy the participation constraint. This,

in turn, leads to an increase in systemic risk. Our model thus provides a rationalization

for the evidence provided by Colonnello, Koetter, and K. Wagner (2020), which suggests

that the introduction of a cap on variable pay in the EU banking sector has increased

systemic risk, especially for those banks in which the cap is binding.28

A frequently advocated policy is acap on incentive pay. In our model, this implies

a cap A on the APE component of the manager's pay contract. It is easy to see that

such policy is, at best, ine�ective in addressing the externalities present in our model. If

the regulator sets a cap equals to the e�cient APE, denoted asA = â, the decentralized

equilibrium value of APE is lower than the cap, i.e.,~a < â = A (Proposition 1.4).

Such a cap will not a�ect the shareholders' choice of APE or RPE, or systemic risk.

To in�uence the shareholders' choice, the regulator must impose an ine�cient binding

cap A < ~a (possibly because the regulator does not have the same information of the

social planner). Such a policy is clearly counterproductive. In an attempt to balance

the binding APE, the banks further increase the ine�cient use of RPE, magnifying the

(already ine�cient) systemic risk.

Similar considerations apply to another often advocated policy: acap on total pay.

That is, E(w0
i ) � w. Also this measure is ine�ective at best since it does not address

the ine�ciency. Our model shows that shareholders o�er an amount of total pay that is
28The e�ect of the cap on variable pay on systemic risk is determined for a given compensation

contract. The underlying assumption is that managerial compensation is inherently sticky, at least in
the short term, as it cannot promptly adjust after the adoption of the new policy. We acknowledge that
the managerial compensation is likely to adapt to the new regulatory environment in the long term.
However, the cap on variable pay introduces non-linearity in the compensation, making it infeasible to
determine the analytical solution for optimal compensation in our model.
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lower than the e�cient total pay. A cap equal to the e�cient total pay then would not be

binding and would not a�ect the compensation o�ered to the manager. Only a binding cap

on total pay would be e�ective, but again it would increase systemic risk. The manager is

willing to accept a reduction in total pay only with a reduction in compensation variance.

This can be achieved by further increasing RPE, thereby increasing systemic risk.

1.7 Conclusion

This paper provides a normative analysis of the relationship between incentive pay and

systemic risk. We show that the combination of APE and RPE enables risk-averse man-

agers to achieve equivalent utility at a lower pay risk. In response, the managers align

their investment portfolios with those of rival banks, leading to correlations in investment

returns that determine idiosyncratic and systemic insolvency risk. The optimal incentive

pay features a positive amount of RPE, which implies a positive amount of systemic risk.

In equilibrium, the level of APE falls below while the level of RPE exceeds the e�cient

level, resulting in excessive leverage, diversi�cation, and systemic risk. The constrained

e�cient allocation cannot be achieved even when the interests of all stakeholders are

taken into account.

Our model provides an ideal framework to discuss the policies on managerial pay.

Many existing policies prove ine�ective or counterproductive. We show that direct reg-

ulation of RPE, both relative to the amount of APE and in absolute level, is necessary

to restore e�ciency. Positive spillover e�ects arise from RPE regulation, which does not

require international consensus (for example, at EU level). When two banks from distinct

countries compete in the same market, one country's regulation on RPE induces adjust-

ments in diversi�cation and leverage for both banks due to strategic complementarity in

investment portfolio choices.

Our model does not feature traditional banking activities, like maturity transforma-

tion or borrower monitoring. Our analysis could apply also for companies. The main

explanation for this modeling choice is that systemic risk is particularly relevant for

banks. Given their intermediation function, banks' failures have a big impact on the

�nancial system which raises high public and policy concern. For companies that do not

provide �nancial intermediation such issue is much less relevant. This allows to interpret
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our objects of analysis as banks and focus on the policy implications of their actions.

If we embed our analysis in a more traditional model of �nancial intermediation, to the

extent that such traditional activities do not play a role in mitigating banks' risk-taking

behavior, which in turn do not a�ect the choice of the managerial compensation contract,

our results should not be a�ected. The analysis may be altered if we consider bank's fea-

tures that play a role in mitigating risk-taking behavior, like market discipline. However,

it is unclear whether market discipline alone would induce shareholders to internalize the

externalities associated with the choice of RPE in the compensation contract. We leave

these interesting questions for future research.

In the policy discussions, we do not consider government guarantees as a policy tool.

In practice, governments often intervene when a signi�cant number of banks encounter

distress. Such guarantees can incentivize banks to be more concerned with individual

crises than systemic ones, leading banks to perceive systemic crises as less costly than

they actually are. As a result, banks may become less cautious in their managerial com-

pensation choices, causing these choices to deviate even further from the social planner's

optimal choice. Given the prevalence and signi�cance of government guarantees, this area

deserves further research.

We have assumed linear diversi�cation strategies. That is, banks diversify their port-

folios as if they exchange shares in their activities. While this assumption is relevant in

many cases, it may not apply universally. For example, securitization allows securities

on loan portfolios to be sliced into tranches with di�erent seniority levels. The payo� of

those tranches is nonlinear in the return of the underlying loan portfolio. As long as a

nonlinear diversi�cation strategy reduces idiosyncratic insolvency risk without increasing

systemic risk, it may attenuate our mechanism. However, the presence of nonlineari-

ties can render the �nancial system vulnerable to con�dence shocks. For example, when

there is a potential for runs also on solvent banks. In such a case, linear diversi�cation is

preferred, and our analysis stands still. Nevertheless, these mechanisms deserve further

attention, and we leave them for future research.
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1.8 Appendix: Proofs

Proof. Lemma 1.2

Plugging manageri 's best responses� �
ii and � �

ij into the degree of diversi�cation � �
i ,

we get

� �
i =

� �
ij

� �
ii + � �

ij
=

1
2

�
bi (� ji � � jj ) + �

2 [2� � � + bi (� ji + � jj )]
:

The diversi�cation � �
i does not depend onai . The derivative of � �

i with respect to bi is

@��i
@bi

=
� jj � � � ji (� � � )

[2� � � + bi (� ji + � jj )] 2
;

which is positive if � jj � � � ji (� � � ) > 0.

Proof. Lemma 1.3

The derivatives ofl �
j with respect toai and bi are trivial and therefore omitted. Taking

derivative of � �
j with respect to ai , we have

@��j
@ai

=

@��ji
@�ii

@��ii
@ai

�
� �

jj + � �
ji

�
�

�
@��jj
@�ij

@��ij
@ai

+
@��ji
@�ii

@��ii
@ai

�
� �

ji
�
� �

jj + � �
ji

� 2 =

bj

aj

�
@��ii
@ai

� �
jj �

@��ij
@ai

� �
ji

�

�
� �

jj + � �
ji

� 2

=

bj

aj

�
� ji (� � � )� � jj �

a2
i

�

�
� �

jj + � �
ji

� 2 :

When � jj � > � ji (� � � ) the above expression is negative. Taking derivative of� �
j with

respect tobi , we have

@��j
@bi

=

@��ji
@�ii

@��ii
@bi

�
� �

jj + � �
ji

�
�

�
@��jj
@�ij

@��ij
@bi

+
@��ji
@�ii

@��ii
@bi

�
� �

ji
�
� �

jj + � �
ji

� 2 =

bj

aj

�
@��ii
@bi

� �
jj �

@��ij
@bi

� �
ji

�

�
� �

jj + � �
ji

� 2 :

Notice that, @��ii
@bi

� �
jj =

@��ij
@bi

� �
ji =

� �
ji � �

jj

ai
. This means thatbi a�ects � �

ji and � �
jj proportionally.

Therefore, the impact ofbi on � �
j through � ii exactly cancels out with the impact ofbi on

� �
j through � ij , consequently,� �

j does not depend onbi .

Proof. Proposition 1.1

For ease of exposition, we consider bank1 (the same logic applies for bank 2). Taking

the derivative of systemic risk� S with respect to the compensation parameters(a1; b1)
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in bank 1, we get

@�S

@a1
=

Z x �

�1
f (x)f (y2(x))

@y2(x)
@a1

dx +
Z + 1

x �
f (x)f (y1(x))

@y1(x)
@a1

dx (1.49)

@�S

@b1
=

Z x �

�1
f (x)f (y2(x))

@y2(x)
@b1

dx +
Z + 1

x �
f (x)f (y1(x))

@y1(x)
@b1

dx: (1.50)

The e�ect of compensation(a1; b1) on systemic risk is determined both by the direct

impact on the insolvency liney1(x), for given y2(x), and by the indirect impact on the

insolvency liney2(x), for given y1(x). We denote the slope and the intercept ofyi (x) by

� i and I i , respectively. That is,

� 1 � �
1 � � 1

� 1
(1.51)

I 1 �
� e1 + l1rb + (1 + l1)� 1�

(1 + l1)� 1

� 2 � �
� 2

1 � � 2
(1.52)

I 2 �
� e2 + l2rb + (1 + l2)� 2�

(1 + l2)(1 � � 2)
:

We �rst show how compensation(a1; b1) a�ects directly y1(x) in (1.7). After plug-

ging in the manager's best responses (1.14), (1.15) and (1.16), the insolvency liney1(x)

becomes

y1(x) = �
1 � � �

1

� �
1

x +
� e�

1 + l �
1rb + (1 + l �

1) � �
1�

(1 + l �
1) � �

1
:

According to Lemma1.2, a1 does not a�ect � �
1, hence, it does not a�ect the slope ofy1(x).

It does a�ect the intercept through e�
1 and l �

1. Taking derivative of y1(x) with respect to

a1, we have
@y1(x)

@a1
=

@I1
@a1

= �
2a1
 + rb

b1� 22 + � � �
< 0:

The intercept of y1(x) is then decreasing ina1. Hence, for giveny2(x), expression (1.49)

implies that � S is also decreasing ina1. As shown in Figure 1.3a, y1(x) shifts away

from the origin whena1 decreases. The compensation parameterb1 instead a�ects y1(x)

through both the slope� 1 and the intercept I 1. Taking the derivative of � 1 with respect

to b1 we get
@�1
@b1

=
� 22� � � 21 (� � � )

(b1� 22 + � � � )2 > 0;

40



660135-L-bw-Zhao660135-L-bw-Zhao660135-L-bw-Zhao660135-L-bw-Zhao
Processed on: 18-9-2024Processed on: 18-9-2024Processed on: 18-9-2024Processed on: 18-9-2024 PDF page: 49PDF page: 49PDF page: 49PDF page: 49

if � 22� � � 21 (� � � ) > 0. Then, when� 22� � � 21 (� � � ) > 0, the slope� 1 is increasing in

b1. The e�ect of b1 on I 1 is ambiguous, sinceb1 a�ects both the l1 and � 1, which in turn

a�ect I 1 in opposite direction. However, this ambiguous e�ect onI 1 does not a�ect our

analysis of the e�ect ofb1 on the systemic risk. The reason is that the area of systemic

insolvency, as shown in Figure1.2, is determined by the slope of the two insolvency lines

and the crossing pointx � . Therefore, we then analyze howb1 a�ects the crossing point

of the two insolvency lines, for giveny2(x): The abscissax � of the crossing point is given

by

y1(x � ) = y2(x � );

and after rearranging we get

x � =
� e2� 12 + e1� 22 + rb [� 12 (� 1 + � 21) + � 22 � � 11� 22] + � 12 (� 21 � � 22) �

� 12� 21 � � 11� 22
:

Plugging the manager's best responses (1.14), (1.15) and (1.16) into x � and taking the

derivative of x � with respect to b1, we get (again assuming� 22� � � 21 (� � � ) > 0)

@x�

@b1
=

� 22 [e2 + rb + ( � 22 � � 21) � ]
� 22� � � 21 (� � � )

> 0:

The abscissax � is then increasing inb1. For giveny2(x), increases in� 1 and x � imply that

for all x 2 (x � ; + 1 ), y1(x) is increasing inb1. Hence, for giveny2(x), expression (1.50)

implies that � S is also increasing inb1. As shown in Figure1.3b, for all x 2 (x � ; + 1 ),

y1(x) increases whenb1 increases, that is,y1(x) becomes �atter and moves outwards.

We now show how compensation(a1; b1) a�ects indirectly y2(x), which is given in

expression (1.8). After plugging in the manager's best responses (1.14), (1.15) and (1.16),

the insolvency liney2(x) becomes

y2(x) = �
1 � � �

2

� �
2

x +
� e�

2 + l �
2rb + (1 + l �

2) � �
2�

(1 + l �
2) � �

2
:

Compensation(a1; b1) determines� 11 and � 12 that in turn a�ect, according to Lemma

1.3, � 2 and l2 and ultimately y2(x). Compensationa1 indirectly a�ects both � 2 and l2,

therefore, it a�ects the slope� 2 and the intercept I 2 of y2(x). Taking derivative of the
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slope� 2 with respect to a1 (and assuming again� 22� > � 21 (� � � )), we get

@�2
@a1

=
@�2
@�2

@��2
@�1

@��1
@a1

+
@�2
@�2

@��2
@l1

@l�1
@a1

=
@�2
@�2

�
�

b2 [(� 22 � � 21) � + � 21� ]

a2
1a2 (� 22 + � 21)

2

�

=
b2 [� 22� � � 21 (� � � )]

a2
1a2� 2

22
> 0:

The slope� 2 is then increasing ina1. Similar to the analysis of the direct e�ect ofb1,

since the systemic insolvency area is determined by the slope of the two insolvency lines

and the crossing pointx � , we then analyze howa1 a�ects the abscissax � of the crossing

point of the two insolvency lines. Taking the derivative ofx � with respect to a1 (and

assuming� 22� > � 21 (� � � )), we get

@x�

@a1
=

@x�

@�21

@��21

@�11

@��11

@a1
+

@x�

@�22

@��22

@�12

@��12

@a1

=
b2 [a2

1 + a1rb + � (b1 (� 21 � � 22) + � )] (b1� 22 + � � � )
a2

1a2 (� 22� � � 21 (� � � ))
> 0:

The abscissax � is then increasing ina1. For given y1(x), increases in� 2 and x � imply

that for all x 2 (�1 ; x � ), y2(x) is decreasing ina1. Hence, for giveny1(x), expression

(1.49) implies that � S is decreasing ina1. As shown in Figure1.3c, for all x 2 (�1 ; x � ),

y2(x) increases whena1 decreases, that is,y2(x) becomes steeper and moves outwards

when a1 decreases. According to Lemma1.3, compensationb1 indirectly a�ects l2 only.

That is, it does not a�ect the slope � 2 but only a�ects the intercept I 2 of y2(x). Taking

derivative of I 2 with respect to b1, we get

@y2(x)
@b1

=
@I2
@b1

=
@I2
@�21

@��21

@�11

@��11

@b1
+

@I2
@�22

@��22

@�12

@��12

@b1
=

b2 (e2 + rb)
a1a2� 22

> 0:

The intercept of y2(x) is then increasing inb1. Hence, for giveny1(x), expression (1.50)

implies that � S is also increasing inb1. As shown in Figure1.3d, an increase inb1 shifts

y2(x) away from the origin with the corresponding increase in systemic risk.

Proof. Proposition 1.2

We solve the social planner's problem. At the optimum, the manager's participation
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constraint holds with equality

E(wi ) �
1
2

V(wi ) �
1
2

e 2
i = 0;

and this equation determinesk. In addition,

E(vi ) = ei + � ii � + � ij (� � � ):

And the planner o�ers symmetric compensations. Therefore, the maximization problem

(1.21) is equivalent to:

max
a;b

ei + � ii � + � ij (� � � ) � c
�
� i + ( q � 1) � S

�

s.t. e�
i (a) = e�

j (a) =
a


� �
ii (a; b; �ji ) =

� + b� ji

a
; � �

jj (a; b; �ij ) =
� + b� ij

a

� �
ij (a; b; �jj ) =

� � � + b� jj

a
; � �

ji (a; b; �ii ) =
� � � + b� ii

a
:

The �rst-order conditions with respect to a and b are

@e�i
@a

+
@��ii
@a

� +
@��ij
@a

(� � � ) � c
�

@��i
@a

+ ( q � 1)
@�S

@a

�
= 0

@��ii
@b

� +
@��ij
@b

(� � � ) � c
�

@��i
@b

+ ( q � 1)
@�S

@b

�
= 0:

Given the de�nition of � i in (1.9), the derivatives @�i
@a and @�i

@b can be expressed as follows

@��i
@a

=
@��i
@a

Z + 1

�1
f (x)f (y�

i (x))x dx +
@I�i
@a

Z + 1

�1
f (x)f (y�

i (x)) dx

@��i
@b

=
@��i
@b

Z + 1

�1
f (x)f (y�

i (x))x dx +
@I�i
@b

Z + 1

�1
f (x)f (y�

i (x)) dx:

The expressions� i and I i denote the slope and the intercept of the insolvency lineyi (x),

respectively, and the asterisk denotes the manager's best responses. The derivative@�S

@a
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and @�S

@b are given in (1.49) and (1.50), respectively, and we rewrite them as follows

@�S

@a
=

@��1
@a

Z + 1

x �
f (x)f (y�

1(x))x dx +
@I�1
@a

Z + 1

x �
f (x)f (y�

1(x)) dx

+
@��2
@a

Z x �

�1
f (x)f (y�

2(x))x dx +
@I�2
@a

Z x �

�1
f (x)f (y�

2(x)) dx

@�S

@b
=

@��1
@b

Z + 1

x �
f (x)f (y�

1(x))x dx +
@I�1
@b

Z + 1

x �
f (x)f (y�

1(x)) dx

+
@��2
@b

Z x �

�1
f (x)f (y�

2(x))x dx +
@I�2
@b

Z x �

�1
f (x)f (y�

2(x)) dx:

For ease of exposition, we introduce the following de�nitions

A1 =
Z + 1

�1
f (x)f (y�

1(x))x dx A 2 =
Z + 1

�1
f (x)f (y�

2(x))x dx (1.53)

B1 =
Z + 1

�1
f (x)f (y�

1(x)) dx B2 =
Z + 1

�1
f (x)f (y�

2(x)) dx (1.54)

C1 =
Z + 1

x �
f (x)f (y�

1(x))x dx C2 =
Z x �

�1
f (x)f (y�

2(x))x dx (1.55)

D1 =
Z + 1

x �
f (x)f (y�

1(x)) dx D2 =
Z x �

�1
f (x)f (y�

2(x)) dx; (1.56)

and

AC i = A i + ( q � 1) Ci (1.57)

BD i = B i + ( q � 1) D i : (1.58)

Once the derivatives of� i and � S with respect to a and b are established, we can rewrite

the �rst order conditions of the planner's problem as follows

@e�i
@a

+
@��ii
@a

� +
@��ij
@a

(� � � ) �
�
c
@��i
@a

AC i + c
@I�i
@a

BD i + c(q � 1)
�

@��j
@a

Cj +
@I�j
@a

D j

��
= 0

(1.59)
@��ii
@b

� +
@��ij
@b

(� � � ) �
�
c
@��i
@b

AC i + c
@I�i
@b

BD i + c(q � 1)
�

@��j
@b

Cj +
@I�j
@b

D j

��
= 0:

(1.60)

The �rst-order conditions pin down the optimal compensation(k̂; â; b̂). The optimal e�ort
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can be obtained by plugginĝa in (1.14)

êi = êj =
â


: (1.61)

The optimal choice of the investment portfolio is determined by plugging� ji = � � � + b̂� ii
â

into � �
ii (â; b̂; � ji ) and � jj = � + b̂� ij

â into � �
ij (â; b̂; � jj ), we get

�̂ ii = �̂ jj =
â� + b̂(� � � )

â2 � b̂2
(1.62)

�̂ ij = �̂ ji =
â (� � � ) + b̂�

â2 � b̂2
: (1.63)

Notice that, when a = b the investment portfolio is not de�ned, and the symmetric

equilibrium does not exist. Moreover, the total investment̂� ii + �̂ ij must equal to at least

1 which is the value of equity. Hence, each component of the investment portfolio must

be non-negative, i.e.�̂ ii � 0 and �̂ ij � 0. This implies that a < b is not feasible at the

optimum. Therefore, â > b̂ must hold.

Finally, we show that b = 0 is not part of the optimal solution. The following ex-

pression is the left-hand side of the manager's participation constraint after plugging in

(1.61), (1.62) and (1.63)

2 (a + b) k + 2 ( a + b) (� � � ) � + ( a � b) (a2 + � 2) � 2ab2

2 (a + b) 
: (1.64)

Suppose that the planner setsb= 0, then equation (1.64) becomes

k +
1
2

�
a2


+ 2 � (� � � ) + � 2

�
;

which is positive for anya and k � 0. Therefore, the manager's participation constraint

would not be binding. That is, the planner would leave a positive rent to the manager if

she choosesb = 0. This cannot be optimal. The following expression is the derivative of

equation (1.64) with respect to b,

� a
�

1


+
� 2

(a + b)2

�
:

This expression is negative for any positivea. Therefore, the left-hand side of the man-
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ager's participation constraint in equation (1.64) is decreasing inband it is positive when

b = 0, implying that the planner must choosêb > 0 to guarantee a binding manager's

participation constraint.

Proof. Proposition 1.3

The proof follows the same logic as the proof of Proposition1.2. In the equilibrium,

the manager's participation constraint holds with equality,

E(w0
i ) �

1
2

V(w0
i ) �

1
2

e 2
i = 0:

and it determineski . In addition, we have

E(Ri ) = ei + � ii � + � ij (� � � ) + rb:

Therefore, the shareholders' problem (1.27) is equivalent to:

max
ai ;bi

ei + � ii � + � ij (� � � ) + rb �
1
2

V(w0
i ) �

1
2

e 2
i � c

�
� i + ( q � 1) � S

�

s.t. ei = e�
i (ai )

� ii = � �
ii (ai ; bi ; � ji ) i 6= j;

� ij = � �
ij (ai ; bi ; � jj ) i 6= j:

The manager's best responses are given in (1.14), (1.15) and (1.16). Plugging in the

manager's best responses, the �rst-order conditions with respect toai and bi are

@e�i
@ai

+
@��ii
@ai

� +
@��ij
@ai

(� � � ) �
1
2

@V(w0
i )

@ai
�

1
2


@e2i
@ai

= c
@��i
@ai

AC i + c
@I�i
@ai

BD i (1.65)

@��ii
@bi

� +
@��ij
@bi

(� � � ) �
1
2

@V(w0
i )

@bi
= c

@��i
@ai

AC i + c
@I�i
@ai

BD i : (1.66)

To avoid the mechanical decrease in insolvency probability caused by the normalization of

the expected excess returns of the two investment activities, we assume that the insolvency

lines of the two banks are given in equation (1.7) and (1.8). This implies that the

de�nitions of AC i and BD i still follow equation (1.57) and (1.58), respectively. Moreover,

the derivatives of the slope and the intercept of the insolvency line with respect toai and

bi in the shareholders' problem are equal to the ones in the social planner's problem. The
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�rst-order conditions characterize the equilibrium compensation( ~ki ; ~ai ; ~bi ). Given that

the shareholders' problems in the two banks are symmetric, we characterize the symmetric

equilibrium in which ~ai = ~aj = ~a and ~bi = ~bj = ~b. With (~k; ~a;~b), the equilibrium value

of the e�ort and the investment portfolio of the two banks are symmetric as well, that is

~ei = ~ej , ~� ii = ~� jj and ~� ij = ~� ji . The following expressions give the equilibrium values

~ei = ~ej =
~a


;

~� ii = ~� jj =
~a� + ~b(� � � )

~a2 � ~b2
;

~� ij = ~� ji =
~a(� � � ) + ~b�

~a2 � ~b2
:

The non-negative components of the investment portfolio imply that~a � ~b. Notice

that, when a = b the investment portfolio are again not de�ned, hence, the symmetric

equilibrium does not exist. In the symmetric equilibrium,~a > ~b must hold.

We �nally establish that b= 0 is not an equilibrium choice. The expression of the left-

hand side of the manager's participation constraint, after plugging in the best responses

in (1.14), (1.15) and (1.16) and the symmetric compensation(k; a; b), is the following

k +
1
2

�
a2


+ 2 � (� � � ) + � 2

�
� b[ej + ( � jj � � ji ) � ] + ( a � b)rb: (1.67)

Suppose that the shareholders chooseb = 0, then the left-hand side of the manager's

participation constraint becomes

k +
1
2

�
a2


+ 2 � (� � � ) + � 2

�
+ arb:

The above expression is positive for anya and k � 0, hence, the participation constraint

of the manager is not binding. That is, the shareholders pay a positive rent to the

manager, which cannot be an equilibrium. The following expression is the derivative of

equation (1.67) with respect to b,

� [ej + ( � jj � � ji ) � + rb] :

This expression is negative after plugging in the value of~ej , ~� jj and ~� ji . Therefore, the
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left-hand side of the manager's participation constraint in equation (1.67) is decreasing

in b and it is positive whenb = 0, implying that the shareholders must choose~b > 0 to

guarantee a binding manager's participation constraint.

Proof. Proposition 1.4 and Proposition 1.8

Due to the similarity between the proofs of the two propositions, we combine them

into a single proof. We start by comparing the �rst-order conditions of the social planner's

problem with those of the stakeholders' problem. And then we compare the stakeholders'

problem with those of the shareholders' problem. Without loss of generality, we prove

the proposition by taking the stance of bank1.

Let us �rst solve the maximization problem for the stakeholders in bank1 in (1.41).

This is equivalent to:

max
a1 ;b1

e1 + � 11� + � 12 (� � � ) � c
�
� 1 + ( q � 1) � S

�

s.t. e�
1 =

a1



� �
11 =

� + b1� 21

a1

� �
12 =

� � � + b1� 22

a1

Recall that in the stakeholders' case the manager's best responses are given by equations

(1.14), (1.15) and (1.16). The �rst-order conditions with respect to a1 and b1 are

@e�1
@a1

+
@��11

@a1
� +

@��12

@a1
(� � � ) = c

@��1
@a1

AC1 + c
@I�1
@a1

BD 1 (1.68)

@��11

@b1
� +

@��12

@b1
(� � � ) = c

@��1
@b1

AC1 + c
@I�1
@b1

BD 1; (1.69)

We denote the symmetric equilibrium compensation as(�k; �a;�b).

Recall that the �rst-order conditions of the social planner are

@e�1
@a

+
@��11

@a
� +

@��12

@a
(� � � ) �

�
c
@��1
@a

AC1 + c
@I�1
@a

BD 1 + c(q � 1)
�

@��2
@a

C2 +
@I�2
@a

D2

��
= 0

@��11

@b
� +

@��12

@b
(� � � ) �

�
c
@��1
@b

AC1 + c
@I�1
@b

BD 1 + c(q � 1)
�

@��2
@b

C2 +
@I�2
@b

D2

��
= 0:

where C2, D2, AC1 and BD 1 are de�ned in equation (1.55), (1.56), (1.57) and (1.58),

respectively. We obtain the derivatives of the investment portfolio by taking derivatives
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of equation (1.15) and (1.16) with respect with respect toa1 and b1, and then plugging in

the symmetric compensation(a; b) and the equilibrium value of� 22 and � 21 in equation

(1.31) and (1.32). We get

@��11

@a
= �

(a + b)� � b�
a(a2 � b2)

;
@��12

@a
= �

(a + b)� � a�
a(a2 � b2)

@��11

@b
=

(a + b)� � a�
a(a2 � b2)

;
@��12

@b
=

(a + b)� � b�
a(a2 � b2)

:

The di�erence between the �rst-order conditions of the social planner and the ones of the

stakeholders is evident. Since the stakeholders in bank1 do not consider the impact of

bank 1's compensation on the portfolio choices and the expected insolvency cost of bank

2, the term c(q � 1)
h

@��2
@aC2 + @I�2

@aD2

i
and c(q � 1)

h
@��2
@bC2 + @I�2

@bD2

i
drop out from the

stakeholders' �rst-order conditions.

We now show that the di�erences in the �rst-order conditions of the planner and

the stakeholders lead to di�erent choices of the compensation parameters. We prove by

contradiction that (â; b̂) is di�erent from (�a;�b). Suppose thatâ = �a and b̂= �b. Then the

insolvency lines and their crossing point are identical in the social planner's solution and

in the stakeholders' case. From their de�nition in (1.57) and (1.58), the functions AC1

and BD 1 are determined by the two insolvency lines and their crossing point. Hence, we

should have dAC1 = AC1 and [BD 1 = BD 1 if â = �a and b̂ = �b hold, where dAC1 and [BD 1

solve the social planner's �rst-order conditions andAC1 and BD 1 solve the stakeholders'

ones. For the sake of completeness, we reportdAC1, [BD 1, AC1 and BD 1 at the end of

this proof.

We start with the characterization of the APE choice. We evaluate the stakeholders'

�rst-order condition with respect to a under the optimal compensation contract. That

is, we evaluate the �rst-order condition atAC1 = dAC1 and BD 1 = [BD 1. The following

equation gives the value of@e�1
@a + @��11

@a � + @��12
@a (� � � ) which solves the stakeholders' �rst-

order condition with dAC1 and [BD 1. We use the superscriptsp to indicate the solution,

�
@e�1
@a

+
@��11

@a
� +

@��12

@a
(� � � )

� sp

=
�

c
@��1
@a

dAC1 + c
@I�1
@a

[BD 1

�

We then compare
h

@e�1
@a + @��11

@a � + @��12
@a (� � � )

i sp
with the one that solves the stakeholders'
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�rst-order condition with (�a;�b),

@e�1
@a

+
@��11

@a
� +

@��12

@a
(� � � )�

�
@e�1
@a

+
@��11

@a
� +

@��12

@a
(� � � )

� sp

= c(q� 1)
�

@��2
@a

C2 +
@I�2
@a

D2

�
:

(1.70)

The right-hand side of the equation is the indirect e�ect of APE on the systemic risk. The

proof of Proposition1.1 shows that the indirect e�ect of APE reduces the systemic risk,

hence, the right-hand side of equation (1.70) is negative. In other words, the function
@e�1
@a+ @��11

@a � + @��12
@a (� � � ) evaluated at the equilibrium compensation(�a;�b) is less than the

one evaluated at the optimal compensation(â; b̂), which implies that â 6= �a. Moreover,

the function @e�1
@a + @��11

@a � + @��12
@a (� � � ) is increasing ina for a > b > 0 since

d
�

@e�1
@a + @��11

@a � + @��12
@a (� � � )

�

da
=

2a3� 2 + 2(2a � b)(a + b)2� (� � � )
(a3 � ab2)2

> 0:

Therefore, equation (1.70) implies that the stakeholders choose�a < â.

To characterize the stakeholders' choice of RPE, we evaluate the stakeholders' �rst-

order condition with respect tobat AC1 = dAC1 and BD 1 = [BD 1. The following equation

gives the value of@��11
@b� + @��12

@b (� � � ) which solves the stakeholders' �rst-order condition

with dAC1 and [BD 1. We use the superscriptsp to indicate the solution,

�
@��11

@b
� +

@��12

@b
(� � � )

� sp

=
�

c
@��1
@b

dAC1 + c
@I�1
@b

[BD 1

�
:

We then compare
h

@��11
@b� + @��12

@b (� � � )
i sp

with the one that solves the stakeholders' �rst-

order condition with (�a;�b),

@��11

@b
� +

@��12

@b
(� � � ) �

�
@��11

@b
� +

@��12

@b
(� � � )

� sp

= c(q� 1)
�

@��2
@b

C2 +
@I�2
@b

D2

�
: (1.71)

The right-hand side of the equation is the indirect e�ect of RPE on the systemic risk.

The proof of Proposition1.1 shows that the indirect e�ect of RPE increases the systemic

risk, hence, the right-hand side of equation (1.71) is positive. In other words, the function
@��11
@b� + @��12

@b (� � � ) when evaluated at the equilibrium compensation(�a;�b) is greater than

the one with the optimal compensation(â; b̂), which implies that b̂ 6= �b. Moreover, the
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function @��11
@b� + @��12

@b (� � � ) is increasing inb for a > b > 0 since

d
�

@��11
@b� + @��12

@b (� � � )
�

db
=

(a2 + b2)� 2 + 2( a + b)2� (� � � )
a(a2 � b2)2

> 0:

Therefore, equation (1.71) implies that the stakeholders choose�b > b̂.

Finally, we report the value dAC1, [BD 1, AC1 and BD 1. First, we solveAC1 (de�ned

in equation (1.57)) and BD 1 (de�ned in equation (1.58)) from the �rst-order conditions

of the planner's problem as functions of the optimal(â; b̂) (for simplicity, we drop the hat

�^� of the compensation)

[AC 1 =
a( � 1 + q)( a� � ( a + b) � ) 2

( a � b)( a + b) � ( � � 2� )

 
@� �

2

@b
C 2 +

@I�2
@b

D 2

!

�
a ( � 1 + q) ( a� � ( a + b) � )

�
� b( a + r b  ) � + r b � 2 + ( a + b)( a + r b  ) � � 2r b ��

�

( a � b)( a + b)(2 a + r b  ) � ( � � 2� )

 
@� �

2

@a
C 2 +

@I�2
@a

D 2

!

+
( a� � ( a + b) � ) a�

�
b( � a2 + b2 )( a + r b  ) + ( a � b)( a + b) r b � � ab� 2 � r b  2 � 3

�

( a2 � b2 ) 2 c (2 a + r b  ) � ( � � 2� )

+
( a� � ( a + b) � )

�
a ( a � b)( a + b) 2 ( a + r b  ) � 2a( a � b)( a + b) r b � + ( a + b)  (3 a2 + ( a � b) r b  ) � 2 + 2(2 a + b) r b  2 � 3

�
�

( a2 � b2 ) 2 c (2 a + r b  ) � ( � � 2� )

+
( a� � ( a + b) � )

�
� 2( a + b) 

�
3a2 + ar b  � r b  ( b � 3� )

�
�� 2 + 2( a + b)  ( a ( a + b) + 2 r b � ) � 3

�

( a2 � b2 ) 2 c (2 a + r b  ) � ( � � 2� )
;

\BD 1 =
(( a + b) � � a� )

�
a ( a � b)( a + b)( � 1 + c( � 1 + q)

�
@� �

2
@a C 2 +

@I �
2

@a D 2

�
 ) + a� 2 � 2( a + b) �� + 2( a + b) � 2

�

( a2 � b2 ) 2 c(2 a + r b  )
:

Similarly, we solveAC1 and BD 1 from the �rst-order conditions of the stakeholders'

problem as functions of the equilibrium compensation(�a;�b) (again, for simplicity, we

drop �-� from the compensation),

AC 1 =
( a� � ( a + b) � )

n
a�

�
b( � a2 + b2 )( a + r b  ) + ( a � b)( a + b) r b � � ab� 2 � r b  2 � 3

�o

( a2 � b2 ) 2 c (2 a + rb ) � ( � � 2� )

+
( a� � ( a + b) � )

n�
a ( a � b)( a + b) 2 ( a + r b  ) � 2a( a � b)( a + b) r b � + ( a + b)  (3 a2 + ( a � b) r b  ) � 2 + 2(2 a + b) r b  2 � 3

�
�

o

( a2 � b2 ) 2 c (2 a + rb ) � ( � � 2� )

+
( a� � ( a + b) � )

n
� 2( a + b) 

�
3a2 + ar b  � r b  ( b � 3� )

�
�� 2 + 2( a + b)  ( a ( a + b) + 2 r b � ) � 3

o

( a2 � b2 ) 2 c (2 a + rb ) � ( � � 2� )
;

BD 1 =
( a� � ( a + b) � )

�
a ( a2 � b2 � � 2 ) � 2( a + b) � ( � � � )

�

( a2 � b2 ) 2 c(2 a + r b  )
:

Next, we show that the equilibrium value(~a;~b) in the shareholders' problem features�a > ~a

and �b < ~b, where (�a;�b) denotes the compensation contract chosen by the stakeholders.

The relation between(~a;~b) and the optimal compensation(â; b̂) follows immediately from
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Proposition 1.4. Recall that the �rst-order conditions of the shareholders are

@e�1
@a1

+
@��11

@a1
� +

@��12

@a1
(� � � ) �

1
2

@V(w0
1)

@a1
�

1
2


@e21
@a1

= c
@��1
@a1

AC1 + c
@I�1
@a1

BD 1;

@��11

@b1
� +

@��12

@b1
(� � � ) �

1
2

@V(w0
1)

@b1
= c

@��1
@b1

AC1 + c
@I�1
@b1

BD 1:

Consider the symmetric equilibrium only, i.e.,~a1 = ~a2 = ~a and ~b1 = ~b2 = ~b. When com-

paring the shareholders' �rst order conditions with the stakeholders' �rst order condition

in (1.68) and (1.69), notice that the di�erence is caused by the cost of compensation con-

sidered by the shareholders. In the following, we show that this di�erence then leads to

the shareholders choosing di�erenta and b. We solveAC1 and BD 1 from the �rst-order

conditions of the shareholders' problem as functions of the equilibrium(~a;~b). We denote

the solution as gAC1 and ]BD 1, respectively. For the sake of completeness, we report the

value of gAC1 and ]BD 1 at the end of this proof.

We prove by contradiction that (~a;~b) is di�erent from (�a;�b): Assume that ~a = �a and

~b= �b. Then the insolvency lines and their crossing point are identical in the shareholders'

problem and in the stakeholders' case. From their de�nition in (1.57) and (1.58), the

functions AC1 and BD 1 are determined by the two insolvency lines and their crossing

point. Hence, we should havegAC1 = AC1 and ]BD 1 = BD 1 if ~a = �a and ~b = �b

hold. We start with the comparison of APE choice. We evaluate the stakeholders' �rst-

order condition with respect to a under the shareholders' compensation choice. That

is, we evaluate the stakeholders' �rst-order condition atAC1 = gAC1 and BD 1 = ]BD 1.

The following equation gives the value of@e�1
@a + @��11

@a � + @��12
@a (� � � ) which solves the

stakeholders' �rst-order condition with gAC1 and ]BD 1. We use the superscriptsh to

indicate the solution,

�
@e�1
@a

+
@��11

@a
� +

@��12

@a
(� � � )

� sh

=
�

c
@��1
@a

gAC1 + c
@I�1
@a

]BD 1

�
:

We then compare
h

@e�1
@a + @��11

@a � + @��12
@a (� � � )

i sh
with the one that solves the stakeholders'

�rst-order condition with (�a;�b),

@e�1
@a

+
@��11

@a
� +

@��12

@a
(� � � ) �

�
@e�1
@a

+
@��11

@a
� +

@��12

@a
(� � � )

� sh

= rb +
2a


> 0: (1.72)
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Then the function @e�1
@a + @��11

@a � + @��12
@a (� � � ) when evaluated at the stakeholders' com-

pensation(�a;�b) is greater than the one with the shareholders' compensation(~a;~b), which

implies that �a 6= ~a. Moreover, the function @e�1
@a + @��11

@a � + @��12
@a (� � � ) is increasing ina for

a > b > 0 since

d
�

@e�1
@a + @��11

@a � + @��12
@a (� � � )

�

da
=

2a3� 2 + 2(2a � b)(a + b)2� (� � � )
(a3 � ab2)2

> 0:

Therefore, equation (1.72) implies that the stakeholders choose�a > ~a.

To compare the choice of RPE, we evaluate the stakeholders' �rst-order condition

with respect to bat AC1 = gAC1 and BD 1 = ]BD 1. The following equation gives the value

of @��11
@b� + @��12

@b (� � � ) which solves the stakeholders' �rst-order condition withgAC1 and

]BD 1. We use the superscriptsh to indicate the solution,

�
@��11

@b
� +

@��12

@b
(� � � )

� sh

=
�

c
@��1
@b

gAC1 + c
@I�1
@b

]BD 1

�
:

We then compare
h

@��11
@b� + @��12

@b (� � � )
i sh

with the one that solves the stakeholders' �rst-

order condition with (�a;�b),

@��11

@b
� +

@��12

@b
(� � � ) �

�
@��11

@b
� +

@��12

@b
(� � � )

� sh

= � rb �
a


�
� 2

a + b
< 0: (1.73)

The function @��11
@b� + @��12

@b (� � � ) when evaluated with the stakeholders' compensation

(�a;�b) is then less than the one with the shareholders' compensation(~a;~b), which implies

that �b 6= ~b. Moreover, the function @��11
@b� + @��12

@b (� � � ) is increasing inb for a > b > 0

since
d

�
@��11
@b� + @��12

@b (� � � )
�

db
=

(a2 + b2)� 2 + 2( a + b)2� (� � � )
a(a2 � b2)2

> 0:

Therefore, equation (1.73) implies that the stakeholders choose�b < ~b.

Finally, we report the value of gAC1 and ]BD 1. We solveAC1 (de�ned in equation

(1.57)) and BD 1 (de�ned in equation (1.58)) from the �rst-order conditions of the share-

holders' problem as functions of(~a;~b) (we drop the tilde �~� of the compensation for

simplicity),
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]AC 1 =
(( a + b) � � a� )

�
2a6 � � a5 (2 b� � 3r b � + � ) + br b  2 � ( � � 2� ) � ( b � 2� + 2 � )

�

( a2 � b2 ) 2 c (2 a + r b  ) � ( � � 2� )

+
(( a + b) � � a� ) a4

n
�

�
b � 2b2 � 3br b  +  ( r 2

b  + 2 r b � + 2 � 2 )
�

�
�

b +  ( r b + 4 r b � + 2 � 2 )
�

�
o

( a2 � b2 ) 2 c (2 a + r b  ) � ( � � 2� )

+
(( a + b) � � a� ) a2

n
� r b  2 � ( � � 2� ) � + b3 ( � � + 3 r b � + � ) + b2 

�
� r b � ( r b  + 2 � ) + ( r b + 4 r b � + 2 � 2 ) �

�
+ b ( � 3 � r b � 3 � 3� 2 � + 6 �� 2 � 4� 3 )

o

( a2 � b2 ) 2 c (2 a + r b  ) � ( � � 2� )

+
(( a + b) � � a� ) a

n
b3 r b ( � � + r b � + � ) + r b � ( � � 2� )( � 2 � 2�� + 2 � 2 ) + b2

�
r b (1 � r b  ) � 2 + r b � ( � 2 + 2 r b  + � ) � � 2� 3

�o

( a2 � b2 ) 2 c (2 a + r b  ) � ( � � 2� )

+
(( a + b) � � a� ) a3

n
2b3 � + b2 ( � 3r b � + � ) � b ( � r b � + r 2

b � + 2 � 3 + r b � ) + 
�

r b � 2 ( � 1 +  ( r b + � )) � � (3 � + r b ( � 2 + 2 r b  + � )) � + 6 �� 2 � 2� 3
�o

( a2 � b2 ) 2 c (2 a + r b  ) � ( � � 2� )

B̂D 1 =
(( a + b) � � a� )

�
a ( a � b)( a + b)( � 1 + 2 a + r b  ) + a� 2 � 2( a + b) �� + 2( a + b) � 2

�

( a2 � b2 ) 2 c(2 a + r b  )
:

Proof. Proposition 1.5

Given the best responses of the mangers with the cap on leverageL � i.e., equations

(1.35), (1.36) and (1.37) � we solve the shareholders' problem (1.27). The problems of

the two banks are symmetric. After solving the �rst-order conditions with respect toa

and b, the following must hold between the compensation(~a+ ~b) and the cap on leverage

L in a symmetric equilibrium

~a + ~b=
� +

2(~a+ ~b)c(
R1

�1 f (x)f (y1 (x;L )) dx+( q� 1)
R1

x � ( L ) f (x)f (y1 (x;L )) dx)
~a� 1+(1+ L ) (2� � � )

(1 + L)
:

This is an implicit function of (~a+ ~b), and the two integrals depend on the compensation

parameters and the capL. Given that â > b̂ > 0, 2� � � > � and the two integrals are

positive, the following holds

~a + ~b <
�

(1 + L)
:

Suppose that the regulation �xes the capL equal to the e�cient leverage l̂ given in

equation (1.33), then the relation between the equilibrium incentive pay(~a;~b) and the

e�cient one (â; b̂) is as follows

~a + ~b < (â � b̂)
�

2� � �
:

Therefore, whenL = l̂ we have

~a + ~b < â � b̂ < â + b̂:
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This result then implies that

~� L = l̂ =
1
2

�
�

2(~a + ~b)(1 + l̂)
< �̂ =

1
2

�
�

2(â + b̂)(1 + l̂)
:

Proof. Proposition 1.6

Throughout the proof, we take the stance of bank1. We solve the shareholders'

problem in bank 1 with a cap P = p̂ on the relative intensity of RPE. Proposition 1.4

implies that such a cap is binding. The shareholder' problem then reduces to choosek1

and b1

Max
k1 ;b1

E(R1) �
1
2

V(w0
1) �

1
2

e 2
1 � c

�
� 1 + ( q � 1) � S

�
(1.74)

s:t: ep
1 = e�

1(
b1

p̂
); � p

11 = � �
11(

b1

p̂
; b1; � 21); � p

12 = � �
12(

b1

p̂
; b1; � 22):

The manager's participation constraint should hold with equality, and this equation de-

termines k1. The manager's best responses are given by plugginga1 = b1
p̂ in equation

(1.14), (1.15) and (1.16). We then take derivatives of the best responses with respect to

b1 and plug in the equilibrium value of� 22 and � 21 in equation (1.31) and (1.32) and the

symmetric compensation( b
p̂ ; b). The following expressions are the derivatives of the e�ort

and investment portfolio with respect tob when a capp̂ is binding.

@ep1
@b

=
1

p̂
;

@�p11

@b
= �

p̂�
b2

;

@�p12

@b
= �

p̂(� � � )
b2

:

Similarly, we obtain the derivative of the slope� 1 and the intercept I 1 with respect to b

when a capp̂ is binding,
@�p1
@b

=
p̂(1 � p̂2)� (2� � � )

b((1 + p̂)� � � )2 ;

@Ip1
@b

=
(� 1 + p̂2) ( � p̂3rb� (� � 2� ) + bp̂(� 1 + p̂2)rb (� � � ) + b2 (( � 2 + p̂2)� + (2 + p̂ � p̂2)� ))

bp̂2 ((1 + p̂)� � � )2 :
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The �rst-order condition with respect to b of problem (1.74) is

@ep1
@b

+
@�p11

@b
� +

@�p12

@b
(� � � ) �

1
2

@V(w0
1)

@b
� e p

1
@ep1
@b

= c
@�p1
@b

AC1 + c
@Ip1
@b

BD 1; (1.75)

whereAC1 and BD 1 are de�ned in equation (1.57) and (1.58), respectively. We denote

the equilibrium compensation of the problem (1.74) as ~bP .

Recall that the �rst-order conditions of the shareholders' problem (1.27) without a

cap onp yields the solution gAC1 and ]BD 1 as functions of(~a;~b). To compare with the case

with cap p̂, we expressgAC1 and ]BD 1 as functions of( ~b
~p ;~b), where~p is the relative intensity

of RPE for the shareholders' problem without a cap onp. We prove by contradiction that

~bP is di�erent from ~b. Suppose that~bP = ~b. We evaluate the shareholders' �rst-order

condition with cap p̂ in equation (1.75) at gAC1 and ]BD 1. The following equation gives

the value of @ep1
@b+ @�p11

@b� + @�p12
@b (� � � ) � 1

2
@V(w0

1 )
@b � e p

1
@ep1
@b which solves equation (1.75) with

gAC1 and ]BD 1. We use the superscriptnp to indicate the solution,

�
@ep1
@b

+
@�p11

@b
� +

@�p12

@b
(� � � ) �

1
2

@V(w0
1)

@b
� e p

1
@ep1
@b

� np

=
�

c
@�p1
@b

gAC1 + c
@Ip1
@b

]BD 1

�
:

We then compare
h

@ep1
@b + @�p11

@b� + @�p12
@b (� � � ) � 1

2
@V(w0

1 )
@b � e p

1
@ep1
@b

i np
with the one that

solves the shareholders' �rst-order condition with~bP

@ep1
@b

+
@�p11

@b
� +

@�p12

@b
(� � � ) �

1
2

@V(w0
1)

@b
� e p

1
@ep1
@b

�
�

@ep1
@b

+
@�p11

@b
� +

@�p12

@b
(� � � ) �

1
2

@V(w0
1)

@b
� e p

1
@ep1
@b

� np

(1.76)

=
�

1
~p

� 1
�

rb +
1


�
1
p̂

�
1
~p

�
+

b
�
p̂2(1 � ~p) +

�
p̂2 � ~p2

��

p̂2~p2
�

~p� 2

b(1 + ~p)
+

(~p � p̂)
�
� 2 + 2( � � � )

�

b2

(1.77)

Given that ~a > ~b > 0, â > b̂ > 0, ~a < â and ~b > b̂, we have p̂ < ~p < 1. As a

result, the right-hand side of equation (1.77) is positive. In other words, the function
@ep1
@b+ @�p11

@b� + @�p12
@b (� � � ) � 1

2
@V(w0

1 )
@b � e p

1
@ep1
@b when evaluated at~bP is greater than the one

evaluated at~b, which implies that ~b 6= ~bP . Moreover, the function @ep1
@b(1 �  ) + @�p11

@b� +
@�p12
@b (� � � ) � 1

2
@V(w0

1 )
@b � e p

1
@ep1
@b is increasing inb for b > 0 since

d
�

@ep1
@b + @�p11

@b� + @�p12
@b (� � � ) � 1

2
@V(w0

1 )
@b � e p

1
@ep1
@b

�

db
=

2p̂(2� (� � � ) + � 2)
b3

�
1

p̂2
> 0:
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Therefore, equation (1.77) implies that the shareholders choose~bP > ~b when the cap on

p is binding.

Proof. Proposition 1.7

The proof follows from Proposition1.6.

Proof. Proposition 1.10

Taking expectation of equation (1.47), and recalling that wi is the managerial com-

pensation without a cap on variable pay as de�ned in equation (1.5), we have

E(wc
i ) = P r(ai Ri � bi Rj � ki )E(ki + ai Ri � bi Rj j ai Ri � bi Rj � ki )

+ P r(ai Ri � bi Rj > k i )E(ki + ki j ai Ri � bi Rj > k i )

= P r(ai Ri � bi Rj � ki )E(w0
i j ai Ri � bi Rj � ki ) + 2 ki Pr(ai Ri � bi Rj > k i )

= E(w0
i ) � P r(ai Ri � bi Rj > k i )E(w0

i j ai Ri � bi Rj > k i ) + 2 ki Pr(ai Ri � bi Rj > k i )

= E(w0
i ) � P r(ai Ri � bi Rj > k i )E(w0

i � 2ki j ai Ri � bi Rj > k i ):

It immediately follows that E(wc
i ) < E (w0

i ). That is, the expected managerial compensa-

tion with a cap on variable pay is less than the one without the cap. Moreover, the cap

on variable pay also reduces the compensation risk. That is,

V ar(wc
i ) = V ar(min f ai Ri � bi Rj ; ki g)

< V ar (ai Ri � bi Rj ) = V ar(w0
i ):

To see manager's responses to the cap on variable pay, we evaluate manager's expected

utility to check whether the reduction in expected pay is compensated by the reduction

in pay risk. We decompose the variance of the compensation with a cap on variable pay,

V ar(wc
i ) = E

�
(wc

i )
2
�

� [E(wc
i )]

2

= E
�
(w0

i )
2
�

� [E(w0
i )]

2 + E
�
(wc

i )
2
�

� [E(wc
i )]

2 �
n

E
�
(w0

i )
2
�

� [E(w0
i )]

2
o

= V ar(w0
i ) �

�
E

�
(w0

i )
2
�

� E
�
(wc

i )
2
�	

+
n

[E(w0
i )]

2 � [E(wc
i )]

2
o

:

Hence, the manager's expected utility is reduced by the cap on variable pay if

E(w0
i ) � E(wc

i ) >
1
2

(V ar(w0
i ) � V ar(wc

i ))
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This condition suggests that for given compensation(ki ; ai ; bi ), the manager's IR con-

straint is violated. This condition is equivalent to

E(w0
i ) � E(wc

i ) +
1
2

(E(w0
i ) � E(wc

i )) ( E(w0
i ) + E(wc

i )) >
1
2

�
E

�
(w0

i )
2
�

� E
�
(wc

i )
2
��

;

which is equivalent to condition (1.48).

Proof. Proposition 1.9

We prove by contradiction that the derivative @�S

@�ii
and @�S

@�ij
cannot be equal when� ii =

� ij . Take the stance of bank 1. Suppose that the fully diversi�ed portfolio with� 11 = � 12

is an equilibrium choice. Then equations (1.45) and (1.46) imply that @�S

@�11
= @�S

@�12
. Taking

the derivative of � S in (1.10) with respect to � 11 and � 12, and expressing those derivatives

as functions of� 11 and � 12, we have

@�S

@�11
=

� B1E1 +
D 1(e1 � 11 +( � 11 � � 11 � 12 + � 2

12 )r b+( � 11 � � 12 )� 12 � )
� 2

11 + � 2
12

� 12

@�S

@�12
=

B1E1� 11 +
D 1 � 12(e1 � 12 +( � 12 � � 11 � 12 + � 2

11 )r b+( � 12 � � 11 )� 11 � )
� 2

11 + � 2
12

� 2
12

:

The functions B1 and D1 are given in equation (1.54) and (1.56), respectively. The ex-

pressionE i instead is a function of banki 0s slope� i (given in equations (1.51) and (1.52))

and the abscissax � of the crossing point of the two insolvency lines. More speci�cally,

we have

E i (� i ; x � ) �
exp(� ((1+ � i )( x � � � )) 2

2(1+ � 2
i ) )

p
2� (1 + � 2

i )
:

If � 11 = � 12 holds in equilibrium, then the two derivatives should be equal when evaluated

at � 11 = � 12. We have

@�S

@�11

�
�
�
�
� 11 = � 12

=
D1(e1 + rb) � 2B1E1� 11

2� 2
11

@�S

@�12

�
�
�
� � 11 = � 12 =

D1(e1 + rb) + 2 B1E1� 11

2� 2
11

:

Given that the functions B1 and E1 are positive for any parameter values, it follows that
@�S

@�11
6= @�S

@�12
when � 11 = � 12. This is a contradiction, suggesting that the fully diversi�ed

portfolio with � 11 = � 12 is not an equilibrium choice.
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Chapter 2

Regulatory Model Secrecy and Bank

Reporting Discretion �

Abstract

This paper studies how banking regulators should disclose the regulatory models they use

to assess banks that have reporting discretion. In my setting, such assessments depend on

both economic conditions and the fundamentals of banks' assets. The regulatory models

provide signals about economic conditions, while banks report information about their

asset fundamentals. On the one hand, disclosing the models helps banks understand

how their assets perform in di�erent economic environments. On the other hand, it

induces banks with socially undesirable assets to manipulate reports in order to obtain

favorable assessments. While regulators can partially deter manipulation by designing

the assessment rule optimally, the disclosure decision of the regulatory models remains

necessary. The optimal disclosure policy is to disclose the regulatory models when the

assessment rule is more likely to induce manipulation and keep them secret otherwise. In

this way, disclosure complements the assessment rule by reducing manipulation when it

harms the regulators more. These analyses speak directly to supervisory stress tests and

climate risk stress tests.

� I am indebted to my advisors, Fabio Castiglionesi and Lucas Mahieux, for their instructive advice
and guidance. I owe special thanks to my hosts for research visits, Pingyang Gao and Xu Jiang, for their
valuable feedback and support. For insightful comments and suggestions, I am grateful to Fabio Braggion,
Julio Crego, Qi Chen, Marco Da Rin, Peicong (Keri) Hu, Magdalena Rola-Janicka, Chiara Lattanzio
(Discussant), Linda Schilling (Discussant), Shuyan Wang (Discussant), Yan Xiong (Discussant), and
the seminar participants at Duke University, Tilburg University, Western Finance Association Meeting,
European Winter Meeting of the Econometric Society, Finance Theory Group Summer School, Junior
Accounting Theory Conference, HEC Paris Finance PhD Workshop, Dauphine Finance PhD Workshop,
Financial Markets and Corporate Governance Conference, Transatlantic Doctoral Conference, and Eu-
ropean Banking Center (EBC) Network internal workshop.
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2.1 Introduction

Regulators assess banks on a regular basis to ensure the stability and sustainability

of the banking industry. In order to do this, regulators rely on models which capture

various features of the economy and banks. These models are not always disclosed to

banks, making the process of regulatory assessment opaque and its implications unclear.

One important reason for not disclosing these models is to prevent banks from gaming

the regulatory assessment (Flannery2019; Clark and Li 2022). A common way for

banks to game is to provide uninformative reports that do not represent their underlying

risks (Huizinga and Laeven2012; Robert M Bushman and Christopher D Williams2012;

Robert M Bushman 2016). However, regulatory models contain valuable information

which can help banks understand how their assets would perform under di�erent economic

conditions. By disclosing the models, regulators enable banks to make more informed

decisions. In this paper, I study how regulators should disclose the models they use to

assess banks, when banks have reporting discretion.

This study is especially relevant for supervisory stress tests and climate risk stress

tests. Supervisory stress tests employ a batch of regulatory models to evaluate the re-

silience of large banks to adverse macroeconomic shocks. The regulatory models translate

these shocks into parameters that a�ect the valuation of bank balance sheet components

and banks' loss absorption capacity. Regulators in di�erent countries vary in their ap-

proaches to disclosing regulatory models. For example, in the past, the Federal Reserve

only provided the broad framework used in its supervisory stress tests. In recent years,

it has moved towards more disclosure of its models, including key variables and certain

equations. Whereas in Europe, comprehensive disclosure of stress test methodologies has

become common practice.1 While the regulators' disclosure of the models helps banks

understand the impact of macroeconomic shocks on their business activities, it also fa-

cilitates banks to manipulate information, which compromises the reliability of stress

test results.2 The severity of such manipulations, which is governed by banks' reporting

1For example, the European Banking Authority (EBA) discloses the details of models used
in stress tests (see https://www.eba.europa.eu/eba-launches-2023-eu-wide-stress-test-0 ),
the Federal Reserve instead discloses high-level information about the models underlying
Dodd-Frank Act Stress Test (DFAST) and demonstrates how these models work on hy-
pothetical loan portfolios (See https://www.federalreserve.gov/publications/files/
2023-june-supervisory-stress-test-methodology.pdf ).

2Banks' manipulation can take various forms. For example, banks may overstate the value of assets,
especially illiquid assets which are di�cult to assess accurately. Additionally, banks may underreport
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discretion, crucially a�ects the regulators' tradeo� of disclosing the models. In the case

of climate risk stress tests, disclosing models is even more valuable due to the long-term

nature of climate risks.3 However, substantial reporting discretion for banks on climate

issues undermines the stress test results, limiting the scope of the disclosure of regulatory

models.4

I develop a tractable model to study the optimal disclosure policy about regulatory

assessment models. To �x idea, I describe the regulatory assessment in the context of

stress test. My model features one bank and one regulator. The bank has an existing asset

whose payo� depends on both economic conditions and the asset's fundamental, which

can be either high or low. Speci�cally, the asset yields a higher payo� in good economic

conditions and when its fundamental value is high. While the bank is better than the

regulator at measuring its asset's fundamental, the regulator can use regulatory models

to obtain a private signal about the economic conditions. These economic conditions

capture the key indicators of how sensitive the asset's payo� is to macroeconomic shocks.

The regulator conducts a stress test to assess the payo� of the bank's asset and

determine whether the bank should pass or fail. If the bank passes, it retains the asset;

if the bank fails, it must liquidate the asset.5 While the regulator has a private signal

about the economic conditions, she needs to rely on the bank's report to assess the asset's

fundamental value. The regulator aims to pass the bank if the asset's fundamental value

is high and fail it otherwise. However, the bank wants to retain the asset regardless

of its fundamental value. This con�ict of interest may lead the bank to manipulate its

report, making assets with low and high fundamental values appear more similar and

reducing the report's informativeness. Manipulation is costly to the bank, and this cost

their risk exposures to reduce their capital requirements (e.g., Begley, Purnanandam, and Zheng (2017)).
3To fully capture the climate risk factors, the time horizons for climate risk stress tests usually range

between 30 and 50 years. Such long time horizons considerably increase the uncertainty about the
implication of business activities. See Baudino and Svoronos (2021).

4Governments and market watchdogs have recently introduced new climate-related report-
ing rules. For example, in Europe, the Corporate Sustainability Reporting Directive (CSRD)
entered into force on 5 January 2023, which requires large companies and listed SMEs
to disclose social and environmental related information (see https://finance.ec.europa.
eu/capital-markets-union-and-financial-markets/company-reporting-and-auditing/
company-reporting/corporate-sustainability-reporting_en ). Similarly, the U.S. Securities
and Exchange Commission (SEC) has proposed rule changes which require registrants to include certain
climate-related disclosures (seehttps://www.sec.gov/news/press-release/2022-46 ). Nevertheless,
banks still have substantial reporting discretion regarding climate-related issues.

5I use the term "liquidation" to represent all possible remedial actions after failing the stress test.
Further discussions on this point are in Section2.2.
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is determined by the amount of reporting discretion that the bank has.

In my setting, the regulator uses two tools to mitigate the impact of the bank's ma-

nipulation: adjusting the pass/fail decision and designing the disclosure policy about the

signal. The necessity for such disclosure policy arises endogenously from the interactions

between the pass/fail decision and the bank's manipulation choice.

I show that the regulator's pass/fail decision follows a cuto� rule based on the bank's

report. Speci�cally, the regulator passes the bank if its report exceeds a threshold and

fails it otherwise. When choosing the passing threshold, the regulator trades o� the

cost of passing a low fundamental asset (i.e., ine�cient continuation or type II error)

against the cost of failing a high fundamental asset (i.e., ine�cient liquidation or type I

error). The cost of ine�cient continuation is equivalent to retaining the payo� of the low

fundamental asset, while the cost of ine�cient liquidation corresponds to forgoing the

payo� of the high fundamental asset.

However, the regulator's tradeo� in choosing the passing threshold is in�uenced by

the bank's manipulation. Manipulation makes the bank's report for high and low funda-

mental assets more similar, increasing the regulator's perceived probability of ine�cient

liquidation if the bank fails the test. As a consequence, the regulator may set the pass-

ing threshold low to avoid failing the bank. These interactions between the regulator's

passing threshold choice and the bank's manipulation decision suggest that the regulator

requires additional tools to tackle the impact of the bank's manipulation on the pass/fail

decision.

The disclosure of the regulator's signal complements the pass/fail decision by in�u-

encing the bank's manipulation incentive. The bank manipulates its report to ensure

that the low fundamental asset passes the test. Hence, the bank's manipulation incen-

tive is determined by two factors: how much manipulation improves the probability of

passing the test and the gain from passing the test. The former is determined by the

passing threshold, while the latter depends on the payo� of the low fundamental asset.

Since information about economic conditions a�ects both the threshold and the asset's

payo�, the regulator can use the disclosure of the signal to alter the bank's manipulation

incentive. In the absence of such disclosure, the bank chooses manipulation based on

the expected economic conditions, resulting in a constant level of manipulation across

di�erent economic conditions. In contrast, when the regulator's signal is disclosed, the
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bank manipulates in responding to the realized economic conditions.

The optimal disclosure policy for the regulator is to disclose the signal when the

cost of ine�cient continuation and that of ine�cient liquidation are comparable and

keep the signal secret otherwise. The intuition is as follows. When the costs of the

two ine�ciencies are comparable, the regulator's choice of the passing threshold is less

in�uenced by the bank's manipulation, because any adjustments in the threshold would

a�ect both ine�cient liquidation and ine�cient continuation which are equally costly.

This implies that the bank's manipulation has a limited e�ect on changing the probability

of passing the test. Hence, the bank's manipulation incentive is primarily driven by the

gain from passing the test. In this case, if the regulator discloses the signal, the bank will

manipulate less when the payo� of the low fundamental asset is lower. This manipulation

choice bene�ts the regulator, because the regulator obtains more accurate report from

the bank especially when the cost of wrongly passing a low fundamental asset is higher.

In contrast, when the cost of one ine�ciency dominates, the regulator adjusts the passing

threshold to prevent the ine�ciency that is more costly. This suggests that the regulator's

choice of the passing threshold is more sensitive to the bank's manipulation, making

manipulation more impactful in changing the bank's probability of passing the test. In

such cases, keeping the signal secret bene�ts the regulator, because it prevents the bank

from assessing how its manipulation could a�ect the regulator's pass/fail decision.

The optimal disclosure policy crucially depends on the amount of reporting discretion

that the bank has. Lower reporting discretion reduces the bank's manipulation incen-

tive, mitigating the regulator's concerns. I show that when disclosing the signal results

in increased (reduced) manipulation by the bank, the regulator is more (less) likely to

disclose as the bank's reporting discretion decreases.

I consider several extensions to the baseline model. First, in a situation where the

regulator cannot commit to a predetermined disclosure policy, I show that the regulator

will always disclose the signal and be worse o�. This result resembles the �unraveling� of

private information (e.g., Grossman and Hart (1980)). However, the rationale di�ers. In

absence of commitment, the regulator discloses the signal to reduce the bank's manipu-

lation for a given economic condition. However, such disclosure destroys the possibility

to share the bank's manipulation incentive across di�erent economic conditions. Con-

sequently, the bank may increase its manipulation especially when it is more e�ective
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in in�uencing the regulator's pass/fail decision, leading to an increase in the expected

level of manipulation and ultimately reducing the regulator's payo�. Second, I extend

the model to incorporate the bank's investment choice. In this extension, the regulator's

disclosure choice of the signal may not only a�ect the bank's reporting decision but also

its investment decision. I demonstrate that the regulator's additional concern about the

bank's investment may increase the likelihood of disclosing the signal.

The remainder of the paper is organized as follows. The rest of the introduction

discusses the relevant literature. Section2.2 presents the model. Section2.3 studies the

optimal pass/fail decision and the bank's manipulation response. Section2.4analyzes the

optimal disclosure policy about the regulatory models. Section2.5 conducts comparative

statics and demonstrates how the bank's reporting discretion a�ects the optimal disclosure

policy. Section2.6 discusses the model assumptions and possible extensions. Section2.7

concludes. All proofs are included in Appendix2.8.1.

2.1.1 Related literature

This paper is related to the literature on the design of stress tests and their impli-

cations. Parlatore and Philippon (2022) study the design of stress test scenarios. Ding,

Guembel, and Ozanne (2022) examine how the leniency of stress tests and the level of

granularity in test results a�ect the incentives for �nancial markets to generate informa-

tion about banks. Shapiro and Zeng (2023) study the leniency of stress tests in cases

where the regulator trades o� the reputational concern against the banks' lending e�-

ciency. I contribute to the design of stress tests by considering the optimal disclosure

policy about regulatory models, taking into account its implication on the banks' report-

ing incentive which further in�uences the accuracy and reliability of stress test results.

This paper is also related to the literature on the transparency of stress tests and

regulatory information. Vast literature focuses on the disclosure of stress test results

(e.g., Goldstein and Sapra (2014); Goldstein and Leitner (2018); Corona, Nan, and G.

Zhang (2019); Goldstein and Leitner (2020); Quigley and Walter (2023); Parlasca (2023)),

or, more generally, the disclosure of regulatory information obtained through supervisions

(e.g., Prescott (2008); Bouvard, Chaigneau, and Motta (2015); Faria-e-Castro, Martinez,

and Philippon (2017)). Instead, I focus on, before conducting the stress tests (and/or

examinations), whether regulators should communicate with banks about the test models.
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Similar to my paper, Leitner and B. Williams (2023) also study the disclosure policy about

the regulatory models. In their paper, revealing the regulatory models induces the bank

to always invest in the risky asset even when the value is low, but not revealing them

may lead to underinvestment. While their focus is on the riskiness of bank's investment, I

examine the role of banks' information inputs in the stress tests and study how reporting

discretion a�ects the disclosure policy about regulatory models. Furthermore, di�erent

from their setting, where the bank holds an informational advantage over the regulator, I

examine a scenario in which both the regulator and the bank possess partial, yet distinct,

information regarding the payo� of the bank's investment. I investigate how the regulator

should disclose her information to elicit truthful reporting from the bank.

In this paper, I study two-way communication between regulators and banks when

both have information to share. Relatedly, this paper is connected to the communica-

tion literature with an informed receiver (e.g., Kolotilin et al. (2017); Guo and Shmaya

(2019)). Di�erent from the existing literature which focuses on the sender, I study the

communication strategy of the informed receiver (i.e., the regulator), and, in particular,

whether the informed receiver can gain from communicating �rst to the sender (i.e., the

bank). Extending the cheap talk game to two-way communication, Chen (2009) shows

that the informed receiver cannot credibly disclose her information when communicating

�rst and bene�ts little from two-way communication. In this paper, I consider an in-

formed receiver who can commit to a disclosure policy, and I show that in this case, the

receiver may sometimes bene�t from two-way communication.

I also study the banks' reporting incentive when reporting discretion exists. The

banks' reporting discretion determines how much information banks communicate with

regulators. Prior literature has analyzed the role of reporting discretion in other settings.

For instance, Fischer and Verrecchia (2000) study how reporting bias a�ects the infor-

mativeness of the �rms' �nancial reports, when the user of the reports (e.g., the capital

market) is uncertain about the manager's reporting objective. Gao and Jiang (2018)

study reporting discretion in the context of bank run. In their paper, the reporting dis-

cretion reduces the panic-based runs, but it may also reduce the fundamental-based runs.

This paper also contributes to the literature on the determinants of reporting quality

(e.g., Leuz, Nanda, and Wysocki (2003); Barth, Landsman, and Lang (2008); Holthausen

(2009); Leuz and Wysocki (2016)). The consensus is that the reporting quality depends
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on various factors. Among others, the regulatory environment and the development of

capital market are crucial. This paper shows that the design of stress tests can a�ect the

reporting quality of banks.

More broadly, this paper contributes to the discussion about the interplay between

prudential and accounting regulation. Bertomeu, Mahieux, and Sapra (2023) show that

accounting measurement complements capital requirements to a�ect the level and e�-

ciency of banks' credit decisions. Corona, Nan, and G. Zhang (2015) examine the impact

of accounting information quality on banks' risk-taking incentives, taking into account

the interbank competition. This paper shows that the design of stress tests should be

coherent with the prevailing accounting regulation to achieve informative assessment.

2.2 The model

Consider a risk-neutral economy with no discounting. There is one regulator and one

bank. The regulator conducts a stress test on the bank. I model the stress test as a

four-period game.

At t = 1, the stressed scenarios are exogenously given and observed by everyone. The

regulator uses regulatory models to predict the impact of the macroeconomic variables

included in these stressed scenarios on the banking industry. The output of the regulatory

models is summarized in a signals 2 S = [
�
s; �s] with a cumulative distribution function

F and density f . The density f has full support. The regulator privately observess.

Throughout the paper, I refer to the signals as the economic condition. The signals

could represent the probability of a liquidity shock in the interbank market during a given

macroeconomic stress, or the aggregate amount of deposit withdrawals from a speci�c

industry due to supply chain disruptions.

The focus of this paper is to study the optimal disclosure policy about the signals.

At t = 0, the regulator commits to a disclosure policy before conducting the stress test.

The disclosure policy is de�ned by the disclosure setD � S and the no-disclosure sets

Nn � S, wheren 2 [1; + 1 ) denotes the number of no-disclosure sets, and, for simplicity,

the �rst no-disclosure set is denoted byN � N1. For any signal s 2 D, the regulator

communicates it truthfully to the bank. For any signals 2 Nn , the regulator informs the

bank that the signal falls within Nn . The no-disclosure sets are assumed to be convex
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sets andNn \ Nn0 = ; for 8 n 6= n0 and
S

n
Nn = S n D.

The bank's asset has continuation valueX (s; ! ) and liquidation value L(s; ! ), which

depend on a state variable! and the economic conditions. The variable ! represents

the fundamental of the asset. It is either! h with probability qh or ! l with probability

ql � 1 � qh and ! h > ! l . Let x(s; ! ) denote the relative gains from continuing the asset.

That is,

x(s; ! ) = X (s; ! ) � L(s; ! ):

For the remainder of the paper, the solutions are derived in terms ofx(s; ! ). I assume

that x(s; ! ) is increasing and weakly concave ins.6

To de�ne e�cient liquidation and e�cient continuation, I assume that x(s; ! l ) �

0 � x(s; ! h). This implies that the asset should only continue if its fundamental value is

high. Moreover, I assume thatx(s;! l )
x(s;! h ) is weakly log-concave ins. This assumption ensures

that the ratio is not too concave and that the relative gainx(s; ! l ) compared tox(s; ! h)

increases at a su�ciently high rate with respect tos. For example,x(s; ! ) = sq + ! with

0 < q � 1 satis�es all the assumptions for appropriate values ofs and ! . I make the

following further assumption about the bank's asset.

Assumption 2.1. The bank's asset is ex ante worth continuing:E!
�
x(s; ! )

�
2 [0; qhx(�s; ! h)]

for s 2 [
�
s; �s].

This assumption also suggests that the expected continuation value of the bank's

asset exceeds its liquidation value for any signals.7 Consequently, in expectation, liqui-

dating a high fundamental asset (ine�cient liquidation) is more costly than continuing a

low fundamental asset (ine�cient continuation). This assumption helps to characterize

the optimal disclosure policy, but my main results can be extended to cases where this

condition is violated. I discuss this assumption in Section2.6.1.

The fundamental of the bank's asset! is not observable to anyone but it is measured

by the bank's report.8 More speci�cally, the fundamental of the bank's asset determines

6As it will become clear in later sections, all analyses revolve around the low fundamental asset.
Hence, I can alternatively assumex(s; ! h ) to be a constant for simplicity and the analyses will remain
unchanged.

7Notice that x(s; ! l ) is assumed to be non-positive, hence, the maximum value ofE!
�
x(s; ! )

�
is

qh x(�s; ! h ).
8To maintain focus on the primary purpose of the analysis, I assume that the bank does not observe

the fundamental of its asset. All results continue to hold if the bank observes the fundamental but the
regulator does not. See Section2.6.2 for more details.

67



660135-L-bw-Zhao660135-L-bw-Zhao660135-L-bw-Zhao660135-L-bw-Zhao
Processed on: 18-9-2024Processed on: 18-9-2024Processed on: 18-9-2024Processed on: 18-9-2024 PDF page: 76PDF page: 76PDF page: 76PDF page: 76

the report distribution. If the fundamental is ! i , then the report t follows a distribution

with density gi (t) over t 2 [
�
t; �t], wherei = f h; lg. The density functions have full support

and satisfy the monotone likelihood ratio property (MLRP), i.e., gl (t )
gh (t ) is decreasing int.

This assumption implies that the report t is informative about the asset fundamental.

Moreover, I assume that the ratio gl (t )
gh (t ) is weakly concave int. I impose the regularity

condition that the hazard rate gh (t )
1� Gh (t ) and gl (t )

1� Gl (t ) are decreasing on the support oft.

This assumption means that when the bank obtains a high-value report, it becomes more

probable to obtain a higher report.

At t = 2, the bank may engage in costly manipulation to a�ect the report distribution.

I follow Gao and Jiang (2020) to model bank's manipulation as ex ante manipulation.

That is, the bank chooses the manipulation level before observing the fundamental of the

asset or the report.9 Speci�cally, the bank chooses manipulationm 2 [0; 1] to change the

report distribution from gi (t) to

gi
m (t) = gi (t) + m

�
gh(t) � gi (t)

�
: (2.1)

If m = 0, the report distribution is not a�ected by manipulation. If m = 1, then the

report is always generated from the distribution of high fundamental assetgh(t). If m 2

(0; 1), then manipulation improves the distribution in the sense of �rst-order stochastic

dominance. The cost of manipulationm is kc(m) for the bank, wherek 2 (0; + 1 )

measures the degree of reporting discretion determined by rules and regulations and the

cost function c(m) is increasing and convex withc(0) = c0(0) = 0 . I also assume that
c0(m)
c00(m) is weakly increasing inm, or, equivalently, that c0(m) is weakly log-concave. The

conditions are often used in the literature (see Gao and Jiang (2020)) and are satis�ed

for common convex functions, e.g.,c(m) = mq for q � 2.

After observing the economic conditions and receiving the reportt from the bank,

the regulator makes a pass/fail decisiona at t = 3. In particular, the regulator passes

9All results remain valid if the bank chooses manipulation after observing the fundamental value of its
asset. For further details, see Section2.6.2. Note that ex ante manipulation implies that the bank alters
the distribution of reports rather than the reports themselves. As Gao and Jiang (2020) points out that a
key feature of ex ante manipulation is that the bank does not have full control over how its manipulation
a�ects the �nal report. Consequently, the regulator cannot fully back out the bank's manipulation choice
from only observing the report. This feature makes ex ante manipulation suitable for capturing scenarios
where manipulation occurs before the economic substance or fundamental value becomes clear to the
bank. One example of such manipulation is the classi�cation of securities as available-for-sale or held-to-
maturity before the investments' characteristics are fully determined. However, it is important to note
that a di�erent modeling approach is required if the bank manipulates the report itself.
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(a = 1) or fails (a = 0) the bank to maximize the payo� u given by

u � ax(s; ! ): (2.2)

The bank's payo� v is

v � a
�
x(s; ! ) + B

�
� kc(m): (2.3)

WhereB is the bank's private bene�t from continuing the asset. I assumex(s; ! )+ B > 0

for all s and ! , meaning that the private bene�t B is su�ciently large for the bank to

prefer continuation regardless of the value ofx. The private bene�t introduces a con�ict

of interest between the regulator and the bank concerning the low fundamental asset.10

The timeline of the model is as follows,

At t = 0, the regulator commits to a disclosure policy about the signals.

At t = 1, the regulatory models generate a signals. The regulator privately observes

s and discloses it to the bank according to the disclosure policy.

At t = 2, the bank chooses the level of manipulationm to a�ect the report distribution.

At t = 3, the state ! is realized, and the bank's reportt is generated. Based on the

signal s and report t, the regulator passes or fails the bank. And payo�s are realized.

The equilibrium is characterized by the regulator's disclosure policy abouts, the

pass/fail decisiona, and the bank's manipulation m. I solve the model by backward

induction. I �rst solve for the regulator's pass/fail decision a for given manipulation

level m and disclosure policy abouts. Anticipating the pass/fail decision rule, the bank

then chooses the manipulationm for given disclosure policy abouts. Lastly, the regula-

tor chooses the disclosure policy abouts, taking into account its impact on the bank's

manipulation choice and, consequently, the pass/fail decision.

2.3 Manipulation and pass/fail decision

In this section, I discuss the bank's manipulation choice and the regulator's pass/fail

decision, taking the regulator's disclosure policy abouts as given.

10Continuation and liquidation should be interpreted broadly. While continuation represents cases
where the bank operates as usual, liquidation refers to situations where regulatory interventions are im-
posed on the bank. In the context of stress tests, the common regulatory interventions include increasing
capital bu�ers or restricting dividend distributions.
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At t = 3, the regulator forms expectation of the relative continuation valuex based

on the signals and the bank's report t. The regulator passes the bank (a = 1) if and

only if

E! [x(s; ! )jt; m̂] � 0: (2.4)

Where m̂ is the regulator's conjecture about the bank's manipulation.11 Sincegh(t) is a

monotone likelihood ratio improvement ofgl (t), the expected relative continuation value

E! [x(s; ! )jt; m̂] is increasing in the reportt. As a result, the pass/fail decision follows a

cuto� rule.

Lemma 2.1. For a given signals, a bank's report t, and a conjecture about the bank's

manipulation m̂, the regulator passes the bank if and only ift � tp(s; m̂), where the

passing thresholdtp(s; m̂) solves

E! [x(s; ! )jtp; m̂] = 0:

All proofs are included in Appendix2.8.1. The passing thresholdtp(s; m̂) is de�ned by

the regulator's indi�erent condition. That is, the regulator is indi�erent between passing

and failing the bank when the report istp(s; m̂). This passing threshold is chosen to

equalize the expected cost of failing a high fundamental asset (ine�cient liquidation) and

the expected cost of passing a low fundamental asset (ine�cient continuation)for a given

signals and a given conjecture about manipulation̂m. The following lemma characterizes

the passing thresholdtp(s; m̂).

Lemma 2.2. For a given level of manipulationm, the passing thresholdtp(s; m) is de-

creasing in s. For a given signals, the passing thresholdtp(s; m) is decreasing inm.

The intuition of the �rst result follows from how the cost of failing a high fundamental

asset and that of passing a low fundamental asset change with the signals. For a given

manipulation level m, the relative gain from continuing the assetx(s; ! ) is increasing

in s, implying that failing a high fundamental asset becomes more costly relative to

11The conditional expectation is

E! [x(s; ! )jt; m̂] = x(s; ! h ) Pr( ! = ! h jt; m̂) + x(s; ! l ) Pr( ! = ! l jt; m̂)

= x(s; ! h )
qh gh (t)

qh gh (t) + ql gl
m̂ (t)

+ x(s; ! l )
ql gl

m̂ (t)
qh gh (t) + ql gl

m̂ (t)
:
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passing a low fundamental asset. In response to the rising cost of ine�cient liquidation,

the regulator is willing to lower the passing threshold and pass the bank more often.

The second result captures how manipulation a�ects the relative cost of failing a high

fundamental asset and passing a low fundamental asset. Assumption2.1 assumes that in

absence of the report, the regulator's expectation of the relative gain from continuing the

asset is non-negative. This implies that ine�cient liquidation (failing a high fundamental

asset) is more costly than ine�cient continuation (passing a low fundamental asset) in

expectation for all signals. Manipulation makes the report distribution of low and high

fundamental asset more similar, making it more di�cult for the regulator to di�erentiate

between the two types of assets. In order to preserve the high fundamental asset, the

regulator needs to lower the passing threshold.12

At t = 2, the bank anticipates the passing thresholdtp(s; m̂) and chooses the manip-

ulation m to maximize the expected payo�. The bank's expected payo� depends on the

regulator's disclosure choice ofs. If the bank does not observe the regulator's signals,

its expected payo� is

V(m̂; m) = Es

"

qh
�
x(s; ! h) + B

� Z

t � tp (s;m̂)
gh(t)dt + ql

�
x(s; ! l ) + B

� Z

t � tp (s;m̂)
gl

m (t)dt

�
�
�
�
�
s 2 Nn

#

� kc(m):

Where Nn is the no-disclosure set containing signalss that are not disclosed to the bank.

For ease of exposition, I introduce the following de�nition.

�
�
tp(s; m̂)

�
�

Z

t � tp (s;m̂)

�
gh(t) � gl (t)

�
dt: (2.5)

This term is the di�erence in passing probability between high and low fundamental asset.

It also measures the increases in passing probability for the low fundamental asset if the

bank manipulates the report distribution. Taking derivative ofV(m̂; m) with respect to

m, I obtain the following �rst-order condition of the bank's manipulation m,

Es
�
ql

�
x(s; ! l ) + B

�
�

�
tp(s; m̂)

� �
� s 2 Nn

�
� kc0(m) = 0 :

12This result depends on the expected relative gain from continuing the asset as given in Assumption
2.1. See Section2.6.1 for further discussions on this assumption.
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In equilibrium, the regulator's conjecture about the manipulationm̂ is consistent with

the bank's choice. Hence, the equilibrium manipulationmNn solves

Es
�
ql

�
x(s; ! l ) + B

�
�

�
tp(s; mNn )

� �
� s 2 Nn

�
� kc0(mNn ) = 0 : (2.6)

Proposition 2.1. When s is not disclosed, the level of manipulationmNn is unique and

it is a constant overs for s 2 Nn .

This result suggests that no disclosure ofs forces the bank's manipulationmNn to be

constant over the regulator's signals.

If the bank observes the regulator's signals, its expected payo� is

V(s; m̂; m) = qh
�
x(s; ! h)+ B

� Z

t � tp (s;m̂)
gh(t)dt+ ql

�
x(s; ! l )+ B

� Z

t � tp (s;m̂)
gl

m (t)dt� kc(m):

The �rst-order condition of the bank's manipulation responsem is as follows,

ql
�
x(s; ! l ) + B

�
�

�
tp(s; m̂)

�
� kc0(m) = 0 :

Similar to the no disclosure case, the regulator's conjecture about the manipulation is

consistent with the bank's choice in equilibrium. Hence, the equilibrium manipulation

mD (s) is determined by

ql
�
x(s; ! l ) + B

�
�

�
tp

�
s; mD (s)

� �
� kc0

�
mD (s)

�
= 0: (2.7)

I make the following notation for ease of exposition.

MB b
�
s; tp(s; m)

�
� ql

�
x(s; ! l ) + B

�
�

�
tp(s; m)

�
: (2.8)

Where "MB" stands for "marginal bene�t" and " b" represents "bank". MB b
�
s; tp(s; m)

�

is the bank's marginal bene�t of manipulation for given regulator's signals and manipu-

lation level m. It consists of two components concerning the low fundamental asset. The

�rst component, ql
�
x(s; ! l ) + B

�
, is the bank's gain after passing the test with the low

fundamental asset. Since the relative gain from continuing the low fundamental asset

x(s; ! l ) is increasing in the signals, the bank's gain is also increasing ins. All else equal,

the bank manipulates more when the signals is high.
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The second component,�
�
tp(s; m)

�
, represents the increases in the passing proba-

bility for the low fundamental asset when the bank changes the report distribution from

gl (t) to gh(t). This term crucially depends on the passing thresholdtp(s; m). According

to Lemma 2.2, the passing thresholdtp(s; m) is decreasing ins due to the rising relative

cost of failing the high fundamental asset. As the passing threshold decreases, the test

becomes more lenient in the sense that the low fundamental asset is more likely to pass

the test without manipulation. In other words, the di�erence in the passing probability

betweengh(t) and gl (t) shrinks. Hence, manipulation is less e�ective in increasing the

passing probability for the low fundamental asset ass increases. All else equal, the bank

manipulates less when the signals is high. The following lemma summarizes the impact

of the signals on �
�
tp(s; m)

�
.

Lemma 2.3. For given manipulation levelm, �
�
tp(s; m)

�
is decreasing ins.

When evaluating the bank's manipulation incentiveMB b, the increases in the passing

probability for the low fundamental asset�
�
tp(s; m)

�
acts as a counterforce to the gain

from passing the test with the low fundamental assetql
�
x(s; ! l ) + B

�
. The magnitude of

the two forces then determines how the manipulationmD (s) responds to the signals.

Proposition 2.2. When s is disclosed, the level of manipulationmD (s) is unique and it

is increasing in s for s < sD and it is decreasing ins for s > sD , wheresD 2 (
�
s; �s) is the

unique solution for
@MBb

�
s;tp (s;mD )

�

@s = 0.

This result identi�es the force that determines the bank's manipulationmD (s) when

s is disclosed, and it highlights the e�ect of the passing thresholdtp
�
s; mD (s)

�
on the

bank's manipulation mD (s). When the signal is relatively low, i.e.,s < sD , the expected

relative gain from continuing the asset is low as indicated by Assumption2.1. This

implies that the cost of ine�cient liquidation and that of ine�cient continuation are

comparable. Hence, the regulator sets the passing threshold at a medium level to prevent

both types of ine�ciency. In this case, the regulator's choice of the passing threshold

is also unresponsive to the bank's manipulation, as any adjustment would a�ect both

types of ine�ciency, which are similarly costly. This choice of the passing threshold

results in a substantial di�erence in the passing probability between the high and low

fundamental asset, i.e.,�
�

tp
�
s; mD (s)

� �
is large, and it also implies that manipulation is

very e�ective in increasing the likelihood of passing the test for the low fundamental asset.
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Since manipulation can always increase the passing probability considerably, the bank

focuses on the gain from passing the test with the low fundamental asset,ql
�
x(s; ! l )+ B

�
,

when choosing the level of manipulation. As a result, the bank's manipulationmD (s)

follows the changes in such gain, and it is increasing ins. When s > sD , the ine�cient

liquidation becomes more costly than the ine�cient continuation. Hence, the regulator

sets the passing threshold relatively low to prevent ine�cient liquidation. Moreover, the

regulator's choice of the passing threshold becomes responsive to the bank's manipulation

to further mitigate ine�cient liquidation. In this case, the bank manipulates more when

manipulation still has incremental e�ect on increasing the passing probability. Hence, the

bank's manipulation mD (s) changes with the di�erence in passing probability between

high and low fundamental asset�
�

tp
�
s; mD (s)

� �
, and it is decreasing ins.

Disclosure ofs a�ects how manipulation changes withs. When s is not disclosed,

the bank's manipulation mNn is constant over the signals in the no-disclosure setNn .

When s is disclosed, the bank's manipulationmD (s) varies with both the gain from

passing the test with the low fundamental assetql (x(s; ! l ) + B) and the increases in

passing probability for the low fundamental asset after manipulation�
�

tp
�
s; mD (s)

� �
.

Such variation in mD (s) further a�ects the expected level of manipulation. The following

proposition compares the expected level of manipulation whens is disclosed with the one

when s is not disclosed.

Proposition 2.3. Es
�
mD (s)js 2 N

�
� mN for any N � [

�
s; sD ] and Es

�
mD (s)js 2 N

�
�

mN for any N � [sD ; �s].

This result shows the additional e�ect of disclosings. When s � sD , the bank's ma-

nipulation mD (s) is driven by the gain from passing the test with the low fundamental

assetql
�
x(s; ! l )+ B

�
and it is increasing in the signals. In response, the regulator lowers

the passing thresholdtp
�
s; mD (s)

�
, which makes the bank more likely to pass the test re-

gardless of the fundamental value. Such endogenous response of the regulator's pass/fail

decision then decreases the extent to which the manipulation can increase the passing

probability for the low fundamental asset, i.e.,�
�

tp
�
s; mD (s)

� �
is reduced, rendering

manipulation less useful and decreasing the bank's manipulation incentive. Such endoge-

nous response is absent ifs is not disclosed, because the bank's manipulation remains

constant. Hence, the expected level of manipulation is less ifs is disclosed. However,

when s � sD , the bank manipulates to increase the passing probability and the manip-
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ulation level mD (s) is decreasing ins. In response, the regulator increases the passing

threshold tp
�
s; mD (s)

�
to make the test more di�cult. Such endogenous response of the

regulator's pass/fail decision then widens the di�erence in passing probability between

the low and high fundamental asset, i.e.,�
�

tp
�
s; mD (s)

� �
increases. More importantly,

such response makes the manipulation e�ective in increasing the passing probability for

the low fundamental asset, amplifying the bank's manipulation incentive. Hence, the

expected level of manipulation whens is disclosed is larger compared to the case whens

is not disclosed.

2.4 Disclosure policy

In this section, I discuss the optimal disclosure policy about the regulator's signals,

taking into account the bank's manipulation response and its impact on the regulator's

pass/fail decision. I show that the disclosure choice ofs and the pass/fail decision are

complementary tools for the regulator to minimize the adverse consequence of the bank's

manipulation.

For given signals, the regulator's expected payo� att = 1 is obtained by integrating

across all report values that are higher than the passing thresholdtp(s; m� ),

u(s; m� ) =
Z

t � tp (s;m � )
E! [x(s; ! )jt; m � ]gm � (t)dt

=
Z

t � tp (s;m � )

�
qhx(s; ! h)gh(t) + qlx(s; ! l )gl

m � (t)
�
dt:

(2.9)

Wherem� = f mD (s); mNn g is the equilibrium manipulation choice of the bank andgm � (t)

is the unconditional distribution of report t when the manipulation ism� . That is,

gm � (t) = qhgh(t) + qlgl
m � (t):

At t = 0, the regulator chooses disclosure policyD and Nn to maximize the ex ante
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payo�.

U =
Z

s2 D
u

�
s; mD (s)

�
dF(s) +

X

n

� Z

s2 Nn

u(s; mNn )dF(s)
�

=
Z

s2 D

 Z

t � tp

�
s;mD (s)

�
�
qhx(s; ! h)gh(t) + qlx(s; ! l )gl

mD (s)(t)
�
dt

!

dF(s)

+
X

n

 Z

s2 Nn

 Z

t � tp (s;mN n )

�
qhx(s; ! h)gh(t) + qlx(s; ! l )gl

mN n
(t)

�
dt

!

dF(s)

!

:

(2.10)

As brie�y discussed in Lemma2.2, manipulation increases the similarity between the

report of the low fundamental asset and that of the high fundamental asset, making it

more likely that the regulator fails the high fundamental asset (ine�cient liquidation)

and passes the low fundamental asset (ine�cient continuation). The regulator is able

to use the pass/fail decision to control this adverse consequence of manipulation, but

only partially. To see this, consider the total derivative ofu(s; m) in (2.9) with respect

to m. This total derivative represents the regulator's marginal loss due to the bank's

manipulation,
du(s; m)

dm
=

@u(s; m)
@tp(s; m)

@tp(s; m)
@m

| {z }
The impact of manipulation
through the pass/fail decision

+
@u(s; m)

@m
:

Since the regulator's pass/fail decision is optimal, the �rst term of the derivative is zero,

suggesting that the bank's manipulation does not a�ect the regulator's ex ante payo�

through the pass/fail decision. However, the second term of the derivative remains.

This is because the manipulation, driven by the bank's preference to continue the asset

regardless of its payo�, increases the ex ante likelihood of ine�cient continuation. Such

ine�cient continuation cannot be prevented by using the optimal pass/fail rule. Formally,

I make the following de�nition.

ML r
�
s; tp(s; m)

�
�

@u(s; m)
@m

= qlx(s; ! l )�
�
tp(s; m)

�
: (2.11)

Where "ML" stands for "marginal loss" and "r " represents "regulator". Given that the

asset should be liquidated when the fundamental value is low, i.e.,x(s; ! l ) � 0 for all

s, this term is non-positive. It captures the regulator's additional marginal losses from

continuing the low fundamental asset due to the bank's manipulation.
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The regulator's additional losses caused by the bank's manipulationML r
�
s; tp(s; m)

�

consists of two components. The �rst component,qlx(s; ! l ), is the regulator's expected

loss of passing the low fundamental asset. The second component,�
�
tp(s; m)

�
, is the

increases in the probability of passing the low fundamental asset after the bank changes

the report distribution from gl (t) from gh(t). This component captures the regulator's

inability to distinguish the low fundamental asset and the high fundamental asset due to

the bank's manipulation.

Lemma 2.4. For any disclosure setD or no-disclosure setNn , ML r
�
s; tp(s; m� )

�
is

increasing in s for m� = f mD (s); mNn g.

This lemma suggests that, regardless of the disclosure choice ofs, the regulator bears

less additional losses from manipulation as the signals increases. The intuition is as

follows. Since the relative gain from continuing the low fundamental assetx(s; ! l ) is in-

creasing ins, the regulator's loss from passing the low fundamental asset is ameliorated.

In addition, the passing thresholdtp(s; m� ) is decreasing in the signals, shrinking the dif-

ference in passing probability between the low and high fundamental asset�
�
tp(s; m� )

�
.

This implies that the extent to which manipulation increases the passing probability for

the low fundamental asset is declining as the signal increases. Consequently, the regula-

tor is less likely to pass low fundamental asset, reducing the additional losses caused by

manipulation.13

The regulator needs an additional tool to control the additional losses caused by

manipulation ML r
�
s; tp(s; m)

�
. Lemma 2.4 shows that ML r

�
s; tp(s; m)

�
is increasing

in the signal s. To minimize the expected loss from manipulation, the regulator should

distribute more manipulation to cases where the marginal lossML r
�
s; tp(s; m)

�
is small

and reduce the overall level of manipulation. Recall that Proposition2.2 and Proposition

2.3 state that the disclosure choice ofs not only a�ects how manipulation distributes

across the signals but also a�ects the expected amount of manipulation. Hence, the

regulator can leverage the disclosure choice of the regulatory signals to minimize the

expected loss from manipulation.

13Notice that when the passing threshold is very low, the regulator is more likely to pass the low funda-
mental asset. However, such continuation is already considered when the regulator chooses the optimal
passing thresholdtp(s; m� ), which balances the tradeo� between ine�cient liquidation and ine�cient
continuation. The term ML r

�
s; tp(s; m� )

�
does not capture such continuation and it only re�ects the

additional ine�cient continuation caused by the bank's manipulation. And such additional ine�cient
continuation is reduced as the signals increases.
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To pin down the optimal disclosure policy about the regulatory signals, I �rst discuss

the cost and bene�t of disclosure for the regulator. For given expected amount of ma-

nipulation, the disclosure of the regulatory signals a�ects how manipulation distributes

across the regulator's marginal lossML r . Disclosings reveals�
�
tp(s; m)

�
which is the

increases in the passing probability after the bank changes the report distribution from

gl (t) to gh(t). As captured by MB b(s; tp(s; m)), all else equal, the bank's marginal gain

from manipulation is higher when�
�
tp(s; m)

�
is large. A large�

�
tp(s; m)

�
also means

that the regulator is more likely to be misled by the bank's manipulation and make wrong

passing decisions, which in turn increases the regulator's marginal loss from the bank's

manipulation ML r (s; tp(s; m)). Hence, the disclosure ofs incurs cost for the regulator

because it facilitates the bank to manipulate more when the regulator is more susceptible

to manipulation. Disclosings also gives bene�t to the regulator. Because the payo� of

the assetx(s; ! ) depends both on the regulator's information abouts and on the asset's

fundamental value! . Disclosings reduces the bank's uncertainty about its asset's payo�.

All else equal, the bank manipulates less when the gain from passing the test with the

low fundamental asset is low, i.e., whenql (x(s; ! l ) + B) is low. This manipulation choice

is bene�cial to the regulator. Because whenx(s; ! l ) is low, passing the bank incurs large

loss for the regulator. In other words, the regulator demands more informative report

when x(s; ! l ) is low. Disclosings then makes the regulator's pass/fail decision more ac-

curate. Given the result in Proposition2.2, the bene�t of disclosing the regulatory signal

s outweighs the cost when the signals is small.

In addition, Proposition 2.3 shows that the disclosure choice of the signals changes

the expected amount of manipulation acrosss. This additional layer strengthens the

existing tradeo� of disclosure. As a result, the optimal disclosure policy follows a simple

cuto� rule.

Proposition 2.4. The optimal disclosure policy follows a cuto� rule whereD = [
�
s; s� )

and N = [ s� ; �s]. That is, the regulator discloses the signals when s < s � and does not

disclose the signals whens > s � , wheres� 2 [
�
s; sD ] solves

�
u(s� ; mN ) � u

�
s� ; mD (s� )

� �
f (s� ) =

@mN

@s�

Z �s

s�
ML r

�
s; tp(s; mN )

�
dF(s): (2.12)

The intuition for a cuto� rule is embedded in the tradeo� of disclosure. It is bene�cial
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for the regulator to disclose the signals when the manipulation is driven by the gain from

passing the test with the low fundamental assetql
�
x(s; ! l ) + B

�
. In this case, the bank's

manipulation is increasing ins which implies that the bank's manipulation is less (more)

when it causes more (less) losses to the regulator as measured byML r (s; tp(s; m)). In

addition, the bank manipulates less in expectation when observing the regulator's signal

s. Hence, disclosing the signals improves the regulator's ex ante payo�. However, as the

signals increases, the bank's manipulation is driven by the increases in passing probabil-

ity after manipulation �
�
tp(s; m)

�
. If the signal is disclosed to the bank, then the bank

would manipulate more when the regulator is more susceptible to manipulation. Hence,

no disclosure complements the passing threshold to deter the bank's manipulation. The

disclosure cuto� point s� is characterized by equation (2.12). This equation captures

the regulator's tradeo� between the utility gain (loss) from disclosing more information

and the loss (gain) from increased (decreased) manipulation in the no-disclosure region.

No disclosure at all can be optimal if it su�ciently reduces the expected level of ma-

nipulation. In sum, the regulator's disclosure choice ofs is crucial for minimizing the

adverse consequences of the bank's manipulation, e�ectively enhancing the accuracy of

the pass/fail decision.

2.5 Comparative statics

In this section, I analyze how the optimal disclosure policy about the regulator's

signal s changes with the bank's private bene�tB when passing the test and its cost of

manipulation k.

All else equal, an increase in the private bene�tB or a decrease in the manipulation

cost k incentivizes the bank to manipulate more for any given regulatory signals. Such

increases in manipulation occur irrespective of whether the bank observes the signals or

not. As a result, the implications on the regulator's disclosure policy abouts is unclear.

The following lemma shows the e�ect of the bank's private bene�tB and its cost of

manipulation k on the regulator's disclosure choice ofs.

Proposition 2.5. The optimal disclosure policy is characterized in Proposition2.4. If

mD (s� ) � mN , then the disclosure cuto� points� is increasing in k and decreasing inB .

Otherwise, the disclosure cuto� points� is decreasing ink and increasing inB .
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The intuition of this result follows the tradeo� underpinning the disclosure cuto�

point s� . Recall equation (2.12), the regulator determines the disclosure cuto� point by

weighing the utility gain from disclosure against the loss resulting from manipulation in

the no-disclosure region. When the optimal disclosure policy satis�esmD (s� ) � mN ,

it implies that the regulator can attain a non-negative utility by disclosing. However,

increasing disclosure also increases manipulation in the no-disclosure region, exacerbating

the regulator's loss from manipulation. Consequently, concerns regarding manipulation in

the no-disclosure region discourage the regulator from realizing the bene�ts of disclosure.

The cost of manipulationk addresses the regulator's concerns about manipulation in the

no-disclosure region. Ask increases, the regulator can disclose more information abouts

to recapture previously forgone gains. Therefore, an increase in the cost of manipulation

incentivizes a higher level of disclosure of the regulatory signal. Conversely, an increase

in the bank's private bene�t B would have the opposite e�ect on the disclosure ofs.

In the case where the optimal disclosure policy satis�esmD (s� ) > m N , it exhibits

excessive disclosure at the disclosure cuto� points� . This excessive disclosure is utilized

to mitigate the manipulation mN and the resulting losses in the no-disclosure region. In

other words, the regulator leverages disclosure as a mechanism to reduce manipulation

in the no-disclosure region. When the cost of manipulationk increases, the regulator

can rely less on disclosure as a means of deterring manipulation, thereby incurring less

losses associated with disclosure. Conversely, as the bank's private bene�tB increases,

the regulator needs to increase disclosure to counteract the bank's stronger incentive for

manipulation. In sum, the disclosure of the regulatory signals acts as both a substitute

for the cost of manipulation k and a counterforce for the bank's private bene�tB in

curbing manipulation in the no-disclosure region.

2.6 Discussions

In this section, I discuss some of the assumptions and possible extensions of the model.

2.6.1 Cost of ine�cient liquidation and ine�cient continuation

Assumption 2.1 assumes that the bank's asset is worth continuing ex ante. This

assumption a�ects how the regulator chooses passing thresholdtp(s; m) in response to the
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bank's manipulation m (Lemma 2.2) and how the bank's manipulation changes with the

regulatory signal s when s is disclosed (Lemma2.3 and Proposition 2.2). Nevertheless,

the main insight for the disclosure of the regulator's signals does not depend on this

assumption. In Appendix2.8.2, I derive the results formally.

The main �nding of the paper is that the regulator's ex post pass/fail decision alone is

insu�cient to fully prevent the adverse consequence of the bank's manipulation. Hence,

the disclosure of the regulatory signals is useful. When the signals is disclosed, the

bank's marginal bene�t of manipulation is determined by two factors: the gain from

passing the test with the low fundamental assetql
�
x(s; ! l ) + B

�
and the increases in

passing probability after manipulation �
�
tp(s; m)

�
. And the regulator's marginal loss

from the bank's manipulation ML r (s; tp(s; m)) depends on the expected losses of inef-

�cient continuation qlx(s; ! l ) and the increases in passing probability after manipula-

tion �
�
tp(s; m)

�
. Disclosure is always bene�cial to the regulator when both the bank's

marginal bene�t of manipulation and the regulator's marginal loss from manipulation

are driven by the changes in the relative gain from continuing the low fundamental as-

set x(s; ! l ). Conversely, no disclosure is preferred when the changes in manipulation is

driven by the increases in passing probability after manipulation�
�
tp(s; m)

�
. The former

force is more likely to dominate when the cost of ine�cient liquidation and the cost of

ine�cient continuation are comparable. Because in such case, the regulator's choice of

passing threshold leads to large increases in passing probability if the bank manipulates,

i.e., �
�
tp(s; m)

�
is large. This then incentivizes the bank to care about the gain from

passing the test when choosing the manipulation. Hence, the bank's manipulation is

more likely to be driven by the gain from passing the test with the low fundamental asset

ql
�
x(s; ! l ) + B

�
. As discussed above, such manipulation choice bene�ts the regulator. In

any case, the regulator's disclosure choice ofs still complements the pass/fail decision.

2.6.2 Ex post manipulation

In the baseline model, the bank chooses manipulation before observing the funda-

mental value of its asset. Although this manipulation choice �ts in various contexts, it is

pertinent to examine the case where the bank privately observes the asset's fundamental

before engaging in report manipulation. In this section, I demonstrate that all results

continue to hold with this manipulation choice.
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In contrast to the baseline model, the bank's manipulation choice becomes dependent

on the asset's fundamental. When its asset's fundamental is! h, the bank does not gain

by manipulating the report distribution gh(t). Consequently, regardless of the disclosure

of the regulator's signals, the bank does not manipulate its report, i.e.,mN (! h) =

mD (s; ! h) = 0 for all s. However, the bank still has incentive to manipulate its report

when its asset's fundamental is! l . The marginal bene�t of manipulation is
�
x(s; ! l ) +

B
�
�

�
tp(s; m)

�
if the regulator disclosess, or E

��
x(s; ! l ) + B

�
�

�
tp(s; m)

�
js 2 Nn

�
if the

regulator discloses that the signals belongs to the setNn . With these slight modi�cations

in the bank's manipulation choice, all the results can be derived similarly as in the baseline

model, and the insights and intuitions remain unchanged.

With the ex post manipulation, this paper is also related to the literature on two-sided

incomplete information. In this alternative model, both the regulator and the bank have

private information that matters for the regulator's pass/fail decision. This paper then

provides analyses on whether and how the regulator can elicit more information from the

bank by communicating to the bank �rst. The two-sided private information is prevalent

in many di�erent settings. Cramton (1984) studies bargaining game and shows that

two-sided incomplete information causes costly delays in trade. Watson (1996) studies

information transmission when the sender's and the receiver's private information are

complementary. He shows that, in contrast to communication games with one-sided

incomplete information, fully revealing equilibria often exist.

2.6.3 No commitment to disclosure policy

Suppose that the regulator cannot commit to any disclosure policy about the signal

s. Instead, the regulator decides to disclose or not to disclose the signals after observing

the realization of it. In the following, I show that the only equilibrium in this case is full

disclosure.

The intuition is as follows. Consider the no-disclosure setN = [ s1; s2] with s1 < s 2.

Denote the bank's manipulation response asmN . Upon observing the signals, the

regulator would discloses if the bank's manipulation mD (s) is less thanmN . This implies

that the no-disclosure set must consist of signalss such that mN � mD (s) holds, implying

that E
h
MB b

�
s; tp(s; mN )

�
js 2 [s1; s2]

i
� MB b

�
s; tp(s; mD (s)

�
for s 2 [s1; s2]. Since

MB b
�
s; tp(s; m)

�
is a continuous function ofs, the regulator must be indi�erent between
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disclosing and not disclosing the signals at the boundary of the no-disclosure set, i.e.,

mN = mD (s1) = mD (s2). Hence, the following condition must hold

Es

h
MB b

�
s; tp(s; mN )

� �
� s 2 [s1; s2]

i
= MB b

�
s1; tp(s1; mN )

�
= MB b

�
s2; tp(s2; mN )

�
:

However, given thatMB b(s; tp(s; m)) is �rst increasing and then decreasing ins for any

given manipulation m, this condition cannot hold if s1 < s 2. Hence,s1 = s2 and full

disclosure is the equilibrium.

As indicated in Proposition 2.4, full disclosure policy is suboptimal. Hence, lack of

commitment to the disclosure policy makes the regulator worse o�. The intuition is that

commitment enables the regulator to use a no-disclosure set (i.e., partial disclosure policy)

to share the bank's manipulation incentive across di�erent signalss. Such manipulation

sharing increases the regulator's ex ante payo�.

2.6.4 Real activity

In the baseline model, the bank engages in costly manipulation to a�ect the report

distribution. The manipulation improves the bank's report in the sense of �rst-order

stochastic dominance, but it does not a�ect the bank's asset payo�. Hence, the disclosure

of the regulator's private information only has informational consequences for the bank.

It informs the bank about the gain from manipulation and the probability of obtaining

the gain.

In Appendix 2.8.3, I extend the analysis to a case where the disclosure of the regula-

tor's private information not only a�ects the bank's reporting choice but also a�ects the

bank's investment decision. More speci�cally, the bank exerts costly e�ort to improve

the asset's fundamental and such e�ort manifests itself in the report. The e�ort still

increases the similarity between the report of the low and high fundamental asset, but

the similarity arises from the actual improvement in the asset's fundamental. As a result,

the disclosure of the regulator's private information a�ects the bank's real activity, i.e.,

e�ort choice. I show that, in this case, the regulator may bene�t from disclosing more of

the private information. In particular, full disclosure policy may be optimal under some

conditions.
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2.7 Conclusion

This paper presents a tractable model to analyze the optimal disclosure policy about

the regulatory assessment models in the presence of concerns about the banks' manipu-

lation. While disclosing the regulatory models helps banks understand how their assets

perform in di�erent economic environments, it also creates opportunities for banks to

game the regulatory assessments. The main message of this paper is that the disclosure

policy about the regulatory models should complement the assessment rules. Addition-

ally, the paper highlights that the banks' internal governance and the rules and regulations

concerning their reporting discretion complement the design and improve the e�ectiveness

of regulatory assessments. The implications of this paper extend to regulatory practices

such as supervisory stress test and climate risk stress test. By understanding the inter-

actions between performing stress tests and reporting incentives of banks, regulators can

improve the design of stress tests and enhance the e�ectiveness of regulatory assessments.

There are several interesting avenues for future research. This paper focuses on the

communication between the regulator and a single bank. Future studies could explore

how the regulator's information disclosure in�uences interactions among multiple banks.

Additionally, the nature of the regulator's information may lead to di�erential bene�ts for

various types of banks. For instance, large banks, which are more exposed to aggregate

shocks, might bene�t more from the regulator's disclosure of aggregate information. In

contrast, smaller banks may be more concerned with information speci�c to their own

operations.
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2.8 Appendix

2.8.1 Appendix: Proofs

For ease of exposition, I de�ne the following ratio.

r (t) �
gl (t)
gh(t)

: (2.13)

Due to the assumption that the density functions of reportt satisfy MLRP, the ratio r (t)

is decreasing int.

Proof. Lemma 2.1

All the necessary steps for the cuto� rule are explained in the text.

Proof. Lemma 2.2

The regulator chooses the passing threshold based on the signals and the conjecture

about the bank's manipulationm̂. I drop the �̂ for simplicity.

The passing threshold is determined by

E! [x(s; ! )jtp; m] = 0:

This condition is equivalent to

x(s; ! h)
qhgh(tp)

qhgh(tp) + qlgl
m (tp)

+ x(s; ! l )
qlgl

m (tp)
qhgh(tp) + qlgl

m (tp)
= 0;

Since the density functiongl (t) and gh(t) have full support, the condition reduces to

x(s; ! h)qhgh(tp) + x(s; ! l )qlgl
m (tp) = 0 :

This is equivalent to

x(s; ! h)qh + x(s; ! l )ql � x(s; ! l )ql (1 � m)
�
1 � r (tp)

�
= 0: (2.14)
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Apply the implicit function theorem, I derive the following two partial derivatives.

@tp
@s

= �
qh

�
x(s; ! l )

dx(s;! h )
ds � x(s; ! h) dx(s;! l )

ds

�

(1 � m)ql
�
x(s; ! l )

� 2
r 0(tp)

: (2.15)

Where r 0(tp) is the derivative of r (tp) with respect to tp and it is negative. Given that

the relative gain from continuing the assetx(s; ! l ) and x(s; ! h) are increasing ins, this

derivative is negative.

And the following is the partial derivative of tp with respect to m,

@tp
@m

= �
qhx(s; ! h) + qlx(s; ! l )

(1 � m)2qlx(s; ! l )r 0(tp)
: (2.16)

Given Assumption2.1, the unconditional expected relative gain from continuing the asset

is non-negative. Hence, this derivative is non-positive and it equals to zero only when

s =
�
s.

Proof. Proposition 2.1

The �rst-order condition of mNn is given in equation (2.6). I repeat the condition

here,

Es
�
ql

�
x(s; ! l ) + B

�
�

�
tp(s; mNn )

� �
� s 2 Nn

�
� kc0(mNn ) = 0 :

This condition implies that mNn is a constant over the signal spaceNn . The uniqueness of

mNn can be proved by the monotonicity ofEs
�
ql

�
x(s; ! l ) + B

�
�

�
tp(s; mNn )

� �
� s 2 Nn

�
�

kc0(mNn ) in mN .

@Es
�
ql

�
x(s; ! l ) + B

�
�

�
tp(s; mNn )

� �
� s 2 Nn

�
� kc0(mNn )

@mNn

= Es

"

ql
�
x(s; ! l ) + B

� @�
�
tp(s; mNn )

�

@mNn

�
�
�
�
�
s 2 Nn

#

� kc00(mNn )

This derivative is negative sincec(m) is convex and the derivative
@�

�
tp (s;m)

�

@m is non-

positive for a givenm. I show the latter holds in the following. I repeat the de�nition of

�
�
tp(s; m)

�
here,

�
�
tp(s; m)

�
�

Z

t � tp (s;m)

�
gh(t) � gl (t)

�
dt:
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Taking derivative with respect to m, I obtain the following,

@�
�
tp(s; m)

�

@m
=

d�
�
tp(s; m)

�

dtp(s; m)
@tp(s; m)

@m

=
�

gl
�
tp(s; m)

�
� gh

�
tp(s; m)

� � @tp(s; m)
@m

/
�

r
�
tp(s; m)

�
� 1

� @tp(s; m)
@m

:

(2.17)

Recall that equation (2.14) pins down the passing thresholdtp(s; m), and the ratio

r
�
tp(s; m)

�
solves

r
�
tp(s; m)

�
=

mqlx(s; ! l ) + qhx(s; ! h)
mqlx(s; ! l ) � qlx(s; ! l )

�
mqlx(s; ! l ) � qlx(s; ! l )
mqlx(s; ! l ) � qlx(s; ! l )

= 1: (2.18)

The inequality holds because Assumption2.1 implies that qhx(s; ! h) � � qlx(s; ! l ) for

all s and equality holds only whens =
�
s. As a result, the derivative

d�
�

tp (s;m)
�

dtp (s;m) is

non-negative. Given the result of Lemma2.2 that @tp (s;m)
@m is non-positive, the derivative

@�
�

tp (s;m)
�

@m � 0 and equality holds only whens =
�
s.

Proof. Lemma 2.3

For given passing thresholdtp(s; m), the di�erence in passing probability betweengl

and gh is �
�
tp(s; m)

�
. Taking derivative with respect to s, I obtain the following

@�
�
tp(s; m)

�

@s
=

d�
�
tp(s; m)

�

dtp(s; m)
@tp(s; m)

@s
:

The proof of Proposition2.1 shows that the derivative
d�

�
tp (s;m)

�

dtp (s;m) is non-negative. Given

the result of Lemma 2.2 that @tp (s;m)
@s is negative, the derivative

@�
�

tp (s;m)
�

@s � 0 and

equality holds only whens =
�
s.

Proof. Proposition 2.2

When s is disclosed, the manipulation level is determined by the �rst-order condition

in equation (2.7). I repeat the �rst-order condition here,

ql
�
x(s; ! l ) + B

�
�

�
tp(s; mD )

�
� kc0(mD ) = 0 :

The �rst term of the left-hand side is MB b
�
s; tp(s; mD )

�
. The uniqueness ofmD is
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proved by the monotonicity of MB b
�
s; tp(s; mD )

�
� kc0(mD ) in mD . I omit the proof of

the uniqueness because the proof is similar to the proof of Proposition2.1.

Apply the implicit function theorem to the �rst-order condition, I derive the derivative

of mD with respect to s,

@mD

@s
=

@MBb

�
s;tp (s;mD )

�

@s

kc00(mD ) �
@MBb

�
s;tp (s;mD )

�

@mD

=
ql

�
�

�
tp(s; mD )

� dx(s;! l )
ds +

�
x(s; ! l ) + B

� @�
�

tp (s;mD )
�

@s

�

kc00(mD ) � ql
�
x(s; ! l ) + B

� @�
�

tp (s;mD )
�

@mD

:

(2.19)

The derivative
@�

�
tp (s;m)

�

@m is non-positive as shown in the proof of Proposition2.1. Con-

sequently, the following holds

@mD

@s
/

@MBb
�
s; tp(s; mD )

�

@s
/ �

�
tp(s; mD )

� dx(s; ! l )
ds

+
�
x(s; ! l ) + B

� @�
�
tp(s; mD )

�

@s
:

For ease of exposition, I introduce the following notation

F � �
�
tp(s; mD )

� dx(s; ! l )
ds

+
�
x(s; ! l ) + B

� @�
�
tp(s; mD )

�

@s

In the following, I �rst show that F = 0 holds at somes 2 (
�
s; �s) and then I prove that

F = 0 is unique at s = sD .

When s =
�
s, Assumption 2.1 assumes thatx(

�
s; ! h)qh + x(

�
s; ! l )ql = 0. According

to equation (2.14), the passing threshold satis�esr
�
tp(

�
s; m)

�
= 1 which implies that

@�
�

tp (s;m)
�

@s = 0, hence, the functionF is

F js=
�
s = �

�
tp(

�
s; mD )

� dx(s; ! l )
ds

�
�
�
�
s=

�
s

> 0:

When s = �s, Assumption 2.1 implies that x(�s; ! l ) = 0 . Hence, the passing threshold is

tp(�s; mD ) =
�
t and �(

�
t) = 0 . Hence, the functionF is

F js=�s = B
@�

�
tp(s; mD )

�

@s

�
�
�
�
�
s=�s

< 0:

By the intermediate value theorem,F = 0 must hold at some value ofs 2 (
�
s; �s).

Next, I show that F = 0 is unique at s = sD . When F = 0, the following equation
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holds,

�
�
tp(s; mD )

� dx(s;! l )
ds

x(s; ! l ) + B
= �

@�
�
tp(s; mD )

�

@s
:

I drop the indicator D for the manipulation mD . Then F = 0 is equivalent to

�
�
tp(s; m)

�

�
d�

�
tp (s;m)

�

dtp (s;m)

dx(s;! l )
ds

x(s; ! l ) + B
=

@tp(s; m)
@s

: (2.20)

I �rst show that the left-hand side is increasing ins. I drop the arguments fortp when

no confusion caused. The left-hand side is equivalent to

LHS � �
�( tp)
� 0(tp)

dx(s;! l )
ds

x(s; ! l ) + B
:

Where � 0(tp) � d�( tp )
dtp

. The derivative of LHS with respect to s is

@LHS
@s

= �
d

�
�( tp )
� 0(tp )

�

dtp

@tp
@s

dx(s;! l )
ds

x(s; ! l ) + B
�

d
�

dx ( s;! l )
ds

x(s;! l )+ B

�

ds
�( tp)
� 0(tp)

:

The derivative
d
�

�( t p )
� 0( t p )

�

dtp
is

d
�

�( tp )
� 0(tp )

�

dtp
=

�
� 0(tp)

� 2
� �( tp)� 00(tp)

�
� 0(tp)

� 2 :

By assumption, the decreasing hazard rategi (t )
1� Gi (t ) implies that gi (t) is decreasing int.

Moreover, the MLRP assumption implies thatr (t) is decreasing int, that is

dr(t)
dt

=
dgl (t )

dt gh(t) � dgh (t )
dt gl (t)

�
gh(t)

� 2 < 0:

Recall that at the passing thresholdtp, it holds that r (tp) > 1 which is equivalent to

gl (tp) > g h(tp). Hence, it also holds thatdgl (tp )
dtp

< dgh (tp )
dtp

. That is, � 00(tp) < 0, which in
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turn implies that
d
�

�( t p )
� 0( t p )

�

dtp
> 0. The derivative

d

 
dx ( s;! l )

ds
x ( s;! l )+ B

!

ds is

d
�

dx ( s;! l )
ds

x(s;! l )+ B

�

ds
=

�
�

dx(s;! l )
ds

� 2
+

�
x(s; ! l ) + B

� d2x(s;! l )
ds2

�
x(s; ! l ) + B

� 2 :

Since x(s; ! l ) is increasing and weakly concave ins, this derivative is negative. As a

result, @LHS
@s > 0.

Now consider the right-hand side of equation (2.20),

RHS �
@tp(s; m)

@s
:

And the derivative of the RHS with respect to s is

@RHS
@s

=
@2tp(s; m)

@s2
:

Recall that equation (2.14) determines the passing thresholdtp(s; m). I repeat the equa-

tion here,

x(s; ! h)qh + x(s; ! l )ql � x(s; ! l )ql (1 � m)
�
1 � r (tp)

�
= 0:

For ease of exposition, I de�ne

~x(s; ! l ) �
x(s; ! l )
x(s; ! h)

:

With this notation, equation (2.14) is equivalent to,

qh + ~x(s; ! l )ql � ~x(s; ! l )ql (1 � m)
�
1 � r (tp)

�
= 0:

Hence, by the implicit function theorem, the derivative@tp (s;m)
@s is,

@tp(s; m)
@s

=
qh

d~x(s;! l )
ds

(1 � m)ql
�
~x(s; ! l )

� 2
r 0(tp)

:
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Where d~x(s;! l )
ds is

d~x(s; ! l )
ds

=
� x(s; ! l )

dx(s;! h )
ds + x(s; ! h) dx(s;! l )

ds�
x(s; ! h)

� 2 > 0:

By the chain rule, the second derivative@2 tp (s;m)
@s2 is,

@2tp(s; m)
@s2

=
@@tp (s;m)

@s

@s
+

@@tp (s;m)
@s

@tp

@tp(s; m)
@s

= qh

ql (1 � m)
�
r 0(tp)

� 2
~x(s; ! l )

�
~x(s; ! l )

d2 ~x(s;! l )
ds2 �

�
d~x(s;! l )

ds

� 2
�

(1 � m)2q2
l

�
~x(s; ! l )

� 4�
r 0(tp)

� 3

+ qh

�
d~x(s;! l )

ds

� 2 �
� (1 � m)ql ~x(s; ! l )

�
r 0(tp)

� 2
� qhr 00(tp)

�

(1 � m)2q2
l

�
~x(s; ! l )

� 4�
r 0(tp)

� 3 < 0:

(2.21)

Given the assumption that~x(s; ! l ) is weakly log-concave andr (tp) is decreasing intp (i.e.,

MLRP assumption), the �rst term is non-positive. Also, the second term is negative since

r (tp) is weakly concave intp. Hence,@RHS
@s < 0.

I have shown that whenF = 0, the left-hand side of equation (2.20) is increasing in

s whereas the right-hand side of equation (2.20) is decreasing ins, which implies that

F = 0 has a unique solutionsD . And F > 0 for s < sD and F < 0 for s > sD . Recall

that @mD (s)
@s is proportionate to F , hence,mD (s) is increasing ins for s < sD and is

decreasing ins for s > sD . Since
@MBb

�
s;tp (s;mD )

�

@s is proportionate to F , sD also solves
@MBb

�
s;tp (s;mD )

�

@s = 0.

Proof. Proposition 2.3

I prove this proposition by contradiction.

Suppose thatEs
�
mD (s)js 2 N

�
> m N for N = [

�
s; sD ].14 Denote Es

�
mD (s)js 2

[
�
s; sD ]

�
by mD ,

mD � mN / kc0(mD ) � kc0(mN )

� Es
�

kc0
�
mD (s)

� �
� s 2 [

�
s; sD ]

�
� kc0(mN )

=

RsD

�
s kc0

�
mD (s)

�
dF(s)

RsD

�
s dF(s)

� kc0(mN )

/
Z sD

�
s

�
kc0

�
mD (s)

�
� kc0(mN )

�
dF(s):

14The proof also applies to cases whereN � [
�
s; sD ].
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The inequality is due to the assumption thatkc0(m) is weakly convex inm.

The �rst-order condition for mD (s) is

MB b

�
s; tp

�
s; mD (s)

� �
= kc0

�
mD (s)

�
: (2.22)

And the �rst-order condition for mN when N = [
�
s; sD ] is

Es
�
MB b

�
s; tp(s; mN )

�
js 2 [

�
s; sD ]

�
= kc0(mN ):

I can simplify the di�erence betweenmD and mN further,

mD � mN �
Z sD

�
s

�
MB b

�
s; tp

�
s; mD (s)

� �
� E

�
MB b

�
s; tp(s; mN )

�
js 2 [

�
s; sD ]

� �
dF(s)

�
Z sD

�
s

�
MB b

�
s; tp

�
s; mD (s)

� �
� E

�
MB b

�
s; tp(s;mD )

�
js 2 [

�
s; sD ]

� �
dF(s)

=
Z sD

�
s

�
MB b

�
s; tp

�
s; mD (s)

� ��
dF(s) � E

�
MB b

�
s; tp(s;mD )

�
js 2 [

�
s; sD ]

� Z sD

�
s

dF(s)

=
Z sD

�
s

�
MB b

�
s; tp

�
s; mD (s)

� �
� MB b

�
s; tp(s;mD )

� �
dF(s)

=
Z sD

�
s

�
ql

�
x(s; ! l ) + B

� �
�

�
tp(s; mD (s))

�
� �

�
tp(s;mD )

� ��
dF(s)

� 0:

The �rst line is obtained by using the �rst-order conditions of mN and mD (s). The second

line is due to the fact that MB b
�
s; tp(s; m)

�
is decreasing inm. This is veri�ed by the

following derivative

@MBb
�
s; tp(s; m)

�

@m
= ql

�
x(s; ! l ) + B

� @�
�
tp(s; m)

�

@m
� 0: (2.23)

The derivative
@�

�
tp (s;m)

�

@m is non-positive as shown in the proof of Proposition2.1. Then

the assumption that mN < mD implies the second line. The third and fourth line

follow from the de�nition of conditional expectation. The last inequality is obtained

by applying FKG inequality, which I now explain in details. The manipulation level

mD (s) is increasing ins when s < sD . And the proof of Proposition 2.1 shows that
@�

�
tp (s;m)

�

@m � 0. This means that the term �
�
tp(s; mD (s))

�
is decreasing ins through

mD (s). The term ql
�
x(s; ! l ) + B

�
is increasing ins. By FKG inequality, the following
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holds

Es� sD

"

ql
�
x(s; ! l )+ B

�
�

�
tp

�
s; mD (s)

� �
#

� Es� sD

"

ql
�
x(s; ! l )+ B

�
�

�
tp(s;Es� sD [mD (s)])

�
#

:

Where Es� sD denotes expectation overs conditional on s � sD . This implies that the

last inequality holds and it contradicts to mN < mD .

Next I prove by contradiction that mD � mN for N = [ sD ; �s].15 Suppose that the

opposite holds, that is,mD < m N for N = [ sD ; �s]. Then the following holds,

mD � mN / log
�
kc0(mD )

�
� log

�
kc0(mN )

�

� Es

h
log

�
kc0

�
mD (s)

� � �
�
� s 2 [sD ; �s]

i
� log

�
kc0(mN )

�

=

R�s
sD

log
�

kc0
�
mD (s)

� �
dF(s)

RsD

�
s dF(s)

� log
�
kc0(mN )

�

/
Z �s

sD

 

log
�

kc0
�
mD (s)

� �
� log

�
kc0(mN )

�
!

dF(s)

=
Z �s

sD

kc0
�
mD (s)

�
� kc0(mN )

1
kc0(ms )

dF(s)

�
Z �s

sD

kc0
�
mD (s)

�
� kc0(mN )

1
kc0(mN )

dF(s)

/
Z �s

sD

�
kc0

�
mD (s)

�
� kc0(mN )

�
dF(s)

The �rst inequality holds becausec0(m) is weakly log-concave. By the de�nition of

conditional expectation, I obtain the �rst equality. I derive the second equality by

using the mean value theorem, wherekc0(ms) 2
�

kc0
�
mD (s)

�
; kc0(mN )

�
or kc0(ms) 2

�
kc0(mN ); kc0

�
mD (s)

� �
depending on the relation betweenkc0(mN ) and kc0

�
mD (s)

�
. I

now explain the second inequality.

ˆ If kc0
�
mD (s)

�
< kc0(mN ), then kc0(ms) 2

�
kc0

�
mD (s)

�
; kc0(mN )

�
. Hence, the

following holds
1
1

kc0(mN )

�
1
1

kc0(ms )

�
1
1

kc0(mD (s))

:

15The proof also applies to cases whereN � [sD ; �s].
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Which implies that

kc0
�
mD (s)

�
� kc0(mN )

1
kc0(mN )

�
kc0

�
mD (s)

�
� kc0(mN )

1
kc0(ms )

�
kc0

�
mD (s)

�
� kc0(mN )

1
kc0(mD (s))

:

ˆ If kc0
�
mD (s)

�
> kc0(mN ), then kc0(ms) 2

�
kc0(mN ); kc0

�
mD (s)

� �
. Hence, the

following holds
1
1

kc0(mN )

�
1
1

kc0(ms )

�
1
1

kc0(mD (s))

:

Which implies that

kc0
�
mD (s)

�
� kc0(mN )

1
kc0(mN )

�
kc0

�
mD (s)

�
� kc0(mN )

1
kc0(ms )

�
kc0

�
mD (s)

�
� kc0(mN )

1
kc0(mD (s))

:

Hence, regardless of the di�erence betweenkc0
�
mD (s)

�
andkc0(mN ), the second inequality

holds.

The �rst-order condition for mD (s) is the same as in equation (2.22). And the �rst-

order condition for mN when N = [ sD ; �s] is

Es
�
MB b

�
s; tp(s; mN )

�
js 2 [sD ; �s]

�
= kc0(mN ):

I further simplify the di�erence between mD and mN ,

mD � mN �
Z �s

sD

�
MB b

�
s; tp

�
s; mD (s)

� �
� E

�
MB b

�
s; tp(s; mN )

�
js 2 [sD ; �s]

� �
dF(s)

�
Z sD

�
s

�
MB b

�
s; tp

�
s; mD (s)

� �
� E

�
MB b

�
s; tp(s;mD )

�
js 2 [sD ; �s]

� �
dF(s)

=
Z �s

sD

�
MB b

�
s; tp

�
s; mD (s)

� ��
dF(s) � E

�
MB b

�
s; tp(s;mD )

�
js 2 [sD ; �s]

� Z sD

�
s

dF(s)

=
Z �s

sD

�
MB b

�
s; tp

�
s; mD (s)

� �
� MB b

�
s; tp(s;mD )

� �
dF(s)

=
Z �s

sD

�
ql

�
x(s; ! l ) + B

� �
�

�
tp(s; mD (s))

�
� �

�
tp(s;mD )

� ��
dF(s)

� 0:

The second inequality uses the assumption thatmN > mD . The last inequality is derived

by using FKG inequality. The manipulation level mD (s) is decreasing ins when s >

sD . Hence �
�
tp

�
s; mD (s)

��
is increasing in s through mD (s). Given that the term
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ql
�
x(s; ! l ) + B

�
is increasing ins, FKG inequality implies the last inequality.

Proof. Lemma 2.4

I �rst show that ML r
�
s; tp(s; m)

�
is increasing ins for any givenm.

@MLr
�
s; tp(s; m)

�

@s
= ql

dx(s; ! l )
ds

�
�
tp(s; m)

�
+ qlx(s; ! l )

@�
�
tp(s; m)

�

@s
:

Lemma2.3shows that for any givenm, �
�
tp(s; m)

�
is decreasing ins, i.e.,

@�
�

tp (s;m)
�

@s < 0.

Since the low fundamental asset has non-positive value, i.e.,x(s; ! l ) � 0, the derivative
@MLr

�
s;tp (s;m)

�

@s > 0. This result implies that the derivative
@MLr

�
s;tp (s;mN n )

�

@s > 0 holds for

any no-disclosure setNn .

Next, considerML r
�
s; tp(s; mD (s))

�
.

dML r
�
s; tp(s; mD (s))

�

ds
= ql

dx(s; ! l )
ds

�
�
tp(s; mD (s))

�
+ qlx(s; ! l )

d�
�
tp(s; mD (s))

�

ds

= ql
dx(s; ! l )

ds
�

�
tp(s; mD (s))

�
+ qlx(s; ! l )

d�
�
tp(s; mD (s))

�

dtp

�
@tp(s; mD (s))

@s
+

@tp(s; mD (s))
@mD (s)

@mD (s)
@s

�
:

Lemma 2.2 shows that @tp
@m and @tp

@s are non-positive. Therefore, when@mD (s)
@s is non-

negative, the derivative
dML r

�
s;tp (s;mD (s))

�

ds is positive.

In the following, I show that the derivative
dML r

�
s;tp (s;mD (s))

�

ds is non-negative even

when @mD (s)
@s is negative. WhenmD (s) is decreasing ins, it suggests that the bank's

marginal bene�t of manipulation MB b
�
s; tp(s; mD )

�
is also decreasing ins for given mD .

Taking into account the changes inmD (s), the following shows that the total derivative

of
dMB b

�
s;tp (s;mD (s))

�

ds is proportionate to
@MBb

�
s;tp (s;mD )

�

@s . I drop the arguments when no
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confusion caused.

dMB b

�
s; tp

�
s; mD (s)

� �

ds
=

@MB
@s

+
@MB
@tp

�
@tp(s; mD )

@s
+

@tp(s; mD )
@mD

@mD (s)
@s

�

=
�

@MB
@s

+
@MB
@tp

@tp(s; mD )
@s

�
+

@MB
@tp

@tp(s; mD )
@mD

@mD (s)
@s

=
�

@MB
@s

+
@MB
@tp

@tp(s; mD )
@s

�
+

@MB
@tp

@tp(s; mD )
@mD

 
@MB

@s + @MB
@tp

@tp (s;mD )
@s

kc00(mD (s)) � @MB
@tp

@tp (s;mD )
@mD

!

=
�

@MB
@s

+
@MB
@tp

@tp(s; mD )
@s

�  

1 +
@MB
@tp

@tp (s;mD )
@mD

kc00(mD (s)) � @MB
@tp

@tp (s;mD )
@mD

!

=
�

@MB
@s

+
@MB
@tp

@tp(s; mD )
@s

�
kc00(mD (s))

kc00(mD (s)) � @MB
@tp

@tp (s;mD )
@mD

/
@MB

@s
+

@MB
@tp

@tp(s; mD )
@s

:

Since kc00(mD (s))

kc00(mD (s)) � @MB
@tp

@tp ( s;m D )
@mD

is positive, the total derivative ofMB b

�
s; tp

�
s; mD (s)

� �
with

respect tos is proportionate to the partial derivative of MB b

�
s; tp

�
s; mD (s)

� �
with re-

spect to s taking mD (s) as given.

When @mD (s)
@s is negative, the following holds

@mD (s)
@s

/
@MBb

�
s; tp

�
s; mD

� �

@s
/

dMB b

�
s; tp

�
s; mD (s)

� �

ds
< 0:

The total derivative
dMB b

�
s;tp

�
s;mD (s)

� �

ds equals to

dMB b

�
s; tp

�
s; mD (s)

� �

ds
= ql

dx(s; ! l )
ds

�
�
tp(s; mD (s))

�
+ ql

�
x(s; ! l )+ B

� d�
�
tp(s; mD (s))

�

ds
:

Hence,@mD (s)
@s < 0 implies

d�
�
tp(s; mD (s))

�

ds
< �

�
�
tp(s; mD (s))

�

x(s; ! l ) + B
dx(s; ! l )

ds
: (2.24)

96



660135-L-bw-Zhao660135-L-bw-Zhao660135-L-bw-Zhao660135-L-bw-Zhao
Processed on: 18-9-2024Processed on: 18-9-2024Processed on: 18-9-2024Processed on: 18-9-2024 PDF page: 105PDF page: 105PDF page: 105PDF page: 105

Then the total derivative
dML r

�
s;tp (s;mD (s))

�

ds is

dML r
�
s; tp(s; mD (s))

�

ds
= ql

dx(s; ! l )
ds

�
�
tp(s; mD (s))

�
+ qlx(s; ! l )

d�
�
tp(s; mD (s))

�

ds

/
dx(s; ! l )

ds
�

�
tp(s; mD (s))

�
+ x(s; ! l )

d�
�
tp(s; mD (s))

�

ds

�
dx(s; ! l )

ds
�

�
tp(s; mD (s))

�
+ x(s; ! l )

 

�
�

�
tp(s; mD (s))

�

x(s; ! l ) + B
dx(s; ! l )

ds

!

=
B

x(s; ! l ) + B
�

�
tp(s; mD (s))

� dx(s; ! l )
ds

� 0:

The �rst inequality uses the results in equation (2.24) and the assumption thatx(s; ! l ) �

0. Hence, the derivative
dML r

�
s;tp (s;mD (s))

�

ds � 0 always holds.

Proof. Proposition 2.4

I complete the proof in two steps. I �rst show that a cuto� disclosure rule dominates

all other forms of disclosure. Next, I solve for the optimal cuto� points� and show that

s� � sD .

Suppose thatD = [
�
s; sD ) and N = [ sD ; �s]. The regulator's ex ante expected utility

with this disclosure policy is denoted asU

U =
Z sD

�
s

u
�
s; mD (s)

�
dF(s) +

Z �s

sD

u(s; mN )dF(s):

In the following, I show that adding more cuto� points to partition the signal space does

not improve the regulator's ex ante expected utility. First, I show that adding cuto� point

in D does not improve the regulator's ex ante utility. Without loss of generality, consider

a disclosure policy which partitions the signal space intoN2 = [
�
s; s1], D = ( s1; sD ) and

N1 � N = [ sD ; �s]. The regulator's ex ante expected payo� with such disclosure policy is

U0 =
Z s1

�
s

u
�
s; mN2

�
dF(s) +

Z sD

s1

u
�
s; mD (s)

�
dF(s) +

Z �s

sD

u(s; mN )dF(s):
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