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Abstract

Using a novel dataset on U.S. bank executives, reduced-form analysis finds that
pre-crisis CEO cash bonus incentive ratio and unexercisable stock options contributed
to poor performance and failures during the Global Financial Crisis (GFC), with cash
bonuses having a greater impact. Through an estimated dynamic financing model
of heterogeneous banks and managers, I explain why cash bonuses, though smaller
than shareholdings, provide strong incentives for systemic risk-taking. Counterfactual
simulations suggest that capping cash bonuses significantly curtails risk-taking and
loan supply, while deferring compensation or banning stock options yields only modest
effects.
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Criticism intensified following the 2007-2009 Global Financial Crisis (GFC), alleging
that Chief Executive Officer (CEO) compensation encourages excessive risk-taking in the
U.S. banking industry.! More recently, the 2023 bank failures underscore the importance of
senior management incentives. According to Bank for International Settlements| (2023), Sil-
icon Valley Bank’s management focused on short-term profits, incentivized by remuneration
policies that overlooked sound risk management. In response to these events, U.S. policymak-
ers revise policy proposals, including the Dodd-Frank Wall Street Reform Act (July 2010),
which suggests clawbacks of executive compensation.? The direct control of CEO incentives
via such measures remains unadopted in the United States. Conversely, the European Union
(EU) introduced bonus caps in 2014, limiting bankers’ cash bonuses to either their base pay
or twice that amount; this regulation remains effective as of 2024. Nevertheless, evidence
supporting the entrenchment perspective is limited, casting doubt on the efficacy of these
compensation regulations. The U.K., for instance, implemented a bonus cap in 2014 but
discontinued the decade-old restriction in 2024.

I investigate the extent to which bank CEO compensation regulations—such as imposing
bonus caps, switching to deferrals of cash bonuses, incorporating equity- and debt-based
compensation, banning options, and adding contingent pays—alter bank risk-taking and
lending, as well as the quantitative significance of these effects. The novelty of this paper’s
approach is twofold. First, I construct a comprehensive dataset on CEO compensation
contracts and financial performance in the U.S. banking sector. Unlike prior studies that
focus on large banks included in the S&P 1500, my dataset encompasses a broader range of
U.S. banks, including small and medium-sized banks (SMBs). Second, I structurally estimate
a dynamic financing model of heterogeneous banks and managers.

The counterfactual analysis of bank CEO compensation yields the result: capping bonuses
at salary level and deferring bonuses could have reduced annual failure rates by 28 basis
points during the GFC, while curbing lending by 60 basis points. To reach this conclusion,
I employ two complementary approaches. The first is a reduced-form analysis, which offers
transparency through its linear specification and closed-form representation, though it is
limited in extending policy implications to counterfactuals and struggles with endogenous
relationships, particularly regarding systemic risk-taking and inter-temporal financing de-
cisions. The second approach employs a structurally estimated dynamic financing model,
enabling the testing of a larger set of counterfactuals, such as adopting deferred compensa-
tion, bonus caps, and stock option bans. A quantitative model is essential because coun-
terfactual policies, like capped cash bonuses below base salary, depend on the endogenous
salary, increasing in bank size. Even though reduced-form analysis is often described as a
flexible approach, certain assumptions are crucial for drawing policy implications. For exam-
ple, the literature frequently uses Vega in option pricing to quantify risk-taking incentives

IKey opinions from policymakers are provided in the Appendix

2The Dodd-Frank Act is a comprehensive package of financial regulations aimed at preventing a recurrence
of the financial crisis. Three proposals for incentive-based compensation arrangements were published in
2010, 2016, and 2024. The 2024 proposal, currently under review, reintroduces and seeks feedback on the
regulatory text previously proposed in 2016, with certain modifications. After revisions of this proposal, the
new compensation regulations are aimed to reduce excessive compensation for preventing material financial
loss.



(e.g., Fahlenbrach and Stulz (2011)). However, Vega—the option’s sensitivity to changes
in the underlying stock’s volatility—is derived under the assumptions of the Black—Scholes
option-pricing model. First, the option pricing model does not explicitly address systemic
risk-taking. Second, the model assumes fixed investment, which does not align with the the-
oretical understanding that bank size is heterogeneous and evolves dynamically. A dynamic
financing model with heterogeneous banks and managers addresses these issues.

In my paper, both the reduced-form analysis and the dynamic financing model demon-
strate that cash bonuses generate substantial incentives for systemic risk-taking—an outcome
that may appear counterintuitive in light of certain empirical facts. Why, then, does the
academic literature largely overlook restrictions on flow pay, such as cash bonuses?® Cash
bonuses are an order of magnitude smaller than salaries and shareholdings. On average, the
cash bonus-to-salary ratio is 0.4, while the share value-to-total compensation (salary plus
cash bonuses) ratio is 8. Four critical points are missing in previous arguments. (i) Cash
bonuses vary substantially across banks along both the extensive and intensive margins:
roughly one-fifth of banks did not pay bonuses in 2006, while 8% of CEOs at small and
medium-sized banks and 39% of CEOs at large banks (e.g., those listed in the S&P 1500)
received cash bonuses exceeding their base salaries. (ii) Pay level and pay sensitivity are
distinct concepts. Cash bonus incentive ratio—the degree to which cash bonuses are tied
to bank revenue—varies widely among banks that do pay bonuses. (iii) Cash bonuses are
paid on a per-period basis, whereas share values reflect multi-period discounted cash flows,
making direct comparisons inappropriate. (iv) The estimated coefficient on the one-year
lag of cash bonus incentive ratio in a fixed-effects dynamic panel regression is 0.6, indicating
strong persistence. This persistence suggests that high risk-taking incentives remain elevated
over time. I build a dynamic model replicates these real-data relationships and provide an
economic rationale for the significance of cash bonuses. Together, these points highlight the
model’s focus on both heterogeneity and inter-temporal decisions affecting CEO payouts. Be-
fore discussing the model’s mechanism, I summarize empirical evidence from reduced-form
regressions.

Unlike prior studies that found no effect of cash bonuses, this paper provides the first
evidence using a broad sample that cash bonuses can foster systemic risk-taking. Initially, I
apply cross-sectional regressions to examine the relationship between bank CEO compensa-
tion structure and bank performance. Contrary to widespread beliefs among policymakers
that managerial entrenchment leads to excessive risk-taking, empirical research (Bebchuk
and Spamann| (2009); |[Fahlenbrach and Stulz| (2011)) finds a little or no evidence linking
poor bank performance during the financial crisis to CEO compensation. My paper con-
structs a comprehensive dataset consisting exclusively of commercial banks, in contrast to
Fahlenbrach and Stulz|(2011) (hereafter, F'S (2011)), who pool various types of financial in-
stitutions. This focus allows me to control for institutional heterogeneity across the financial
sector and draw sharper inferences about commercial bank behavior. Moreover, expanding
the dataset provides informative variations into the intensive margin of cash bonus. The
main specification is a cross-sectional regression of Return On Assets (ROA) during the cri-
sis on the structure of bank CEO compensation in the pre-crisis period. I argue that cash

3A similar question arises in the context of managerial conflicts in non-financial firms, as discussed in
Edmans et al.| (2023).



bonuses and unexercisable stock options contribute to excessive risk-taking by banks, re-
flected in low ROA during the GFC. Consistently, I observe higher likelihood of bank failure
for higher cash bonus incentive ratio and unexercisable stock options. My findings remain
robust even after addressing potential endogeneity bias. This bias, as|Cheng et al.| (2015)
suggests, implies that riskier firms might offer higher total pay to compensate for additional
equity risk. With recognizing that compensation structures and bank performance may be
jointly determined, I employ a modified control function regression method (Klein and Vella
(2010);/ Armstrong et al.|(2022)). In this method, the presence of heteroskedasticity achieves
identification. While correcting endogenous biases, the results are unchanged both qualita-
tively and quantitatively. Since cash bonuses and unexercised stock options are shown to
contribute to poor bank performance, restricting these compensation forms could naturally
enhance stability.

While the reduced-form analysis provides empirical evidence of a relationship between
CEO compensation and risk-taking, it cannot assess how compensation regulations affect
bank stability in the crises and lending in the long-run. For example, |Armstrong et al.
(2022) does not study regulatory counterfactuals or compare the magnitude with other types
of regulations, which are the central contributions of my paper. Put differently, the ques-
tion is how much lending policymakers are willing to forego to mitigate the risk of bank
failures, which occur rarely but can have severe consequences during banking crises. I doc-
ument several banking facts that interact with managerial compensation and bank financial
decisions. The data reveal that salary, the largest average flow of pay, exhibits decreasing
returns to scale relative to bank size.* Effective risk aversion arises from banks’ exposure
to volatile insured deposit flows, coupled with the high cost of raising equity and the need
to comply with capital regulations. These constraints make deposits and equity imperfect
substitutes. Bank CEO builds up equity as a buffer against volatile deposit flows. The
model treats volatile insured deposit flows as exogenous Markov process and endogenously
generates the bank equity distribution. There are several assumptions I made in the dy-
namic model. First, the manager, who is the bank’s CEQO, exercises primary control over
financial decision-making. Second, the manager faces a trade-off between short-term gains
from higher risk-taking and long-term costs associated with a greater probability of failure.
Third, the manager’s compensation is suboptimal due to exogenous factors.

I develop a fully dynamic quantitative model of bank financing that incorporates capital
requirements, deposit insurance, endogenous systemic risk-taking and leverage, and a bank
CEQ’s incentive contract—providing a framework suitable for evaluating compensation regu-
lations. Most importantly, standard quantitative dynamic financing models in banking sector
(e.g., [Van den Heuvel (2008); [Begenau| (2020)); Bolton et al. (2020); Corbae and D’Erasmo
(2021); Elenev et al. (2021); |Begenau and Landvoigt| (2022); [Wang et al.| (2022))) overlook
the monetary incentives of bank CEOs, assuming instead that self-interested managers are
compensated exclusively through shareholdings. However, this assumption is inconsistent
with the real-data. The quantitative dynamic financing model proposed in this paper in-

4The cross-sectional relationship between salary and non-financial firm size, known as “Roberts’s law,”
is well established. I identify a distinct pattern in the banking industry that is crucial for explaining why
bank CEOs tend to be risk-averse, effectively. Unlike in non-financial firms, the data supports the fact that
temporary variations in salary changes are explained by bank size.



tegrates CEOs’ pecuniary interests and validates key patterns in the cross-sectional and
time-series variations observed in the U.S. banking sector. The simulated data based on
the structurally estimated dynamic financing model aligns well with real-world data on both
compensation structures and bank financials. Specifically, the dynamic model simulated-
(real-) data an average bonus-to-salary ratio of 0.41 (0.40), a mean share value-to-salary
ratio of 8.22 (8.04), and the mean of equity payout-to-salary and bonus is 0.36 (0.30). After
validating the model’s performance in depth, I conduct a counterfactual analysis by adjusting
compensation contracts to evaluate their impact on risk-taking and lending.

The results from the dynamic model indicate that higher managerial shareholdings in-
crease systemic risk-taking, leading to more bank failures during crises and a reduction in
long-run lending. This mechanism arises in a dynamic setting without relying on the tra-
ditional risk-shifting channel characterized by convex equity payoffs and mean-preserving
spreads. As shareholdings increase, managers optimally reduce retained earnings, thereby
limiting the bank’s equity capacity to support lending. Lower equity reduces the marginal
continuation value while heightening the incentive to take risks. Moreover, the relative value
of salary declines compared to the CEQ’s equity stake, weakening its role as a counterbalance
to risk-taking incentives. Consequently, larger shareholdings strengthen managers’ incentives
to increase dividend payouts, encouraging riskier strategies that yield higher short-term re-
turns.

Afterward, I evaluate several counterfactual policy scenarios, including: (i) deferred
bonuses under Section 956 of the Dodd-Frank Act, modeling both full (100%) and par-
tial (50%) deferral schemes; (ii) the EU bonus cap, which imposes a cap on bonuses and
incorporates a 50% deferral requirement; (iii) debt-based compensation (Bebchuk and Spa-
mann| (2009)), and (iv) an option ban. Each scenario is assessed relative to the existing
compensation plan as a benchmark.”® These compensation regulations could affect finan-
cial stability and intermediation. The dynamic financing model shows that deferred bonuses,
bonus caps, contingent debt, and option bans reduce bank failures, although the magnitude
of the effect varies by regulatory type. Capping bonuses significantly reduces bank failure
rates but also curtails lending and lowers bank value.

Roadmap. The remainder of the paper is organized as follows. Sectionprovides literature
overview. Section [2| explains sample construction. In Section 3| I provide reduced-form
evidence. Sectionintroduces the estimated model and provides counterfactual experiments.
Section [5] concludes.

5There is a wider variety of debt-based compensation proposed in the literature, including subordinated
debt compensation (Tung| (2011)) and convertible equity compensation (Gordon| (2010)) However, these
forms of compensation are not examined in this paper.

6Relating to the option ban, [Hayes et al.|(2012); /Shue and Townsend|(2017) find a causal relationship
between option-based compensation and risk-taking using the exogenous change of the revised accounting
standard as an instrument.



1 Literature Overview

My paper builds on the empirical literature examining bank risk-taking and CEO compen-
sation components. The closest related paper in reduced-form analysis is [FS (2011), [FS
(2011)| use a dataset in which only 20 S&P banks paid CEO bonuses in 2006, and only
four banks filed for bankruptcy between July 2006 and December 2010, limiting variation
in both compensation structures and bank failures. The small sample size constrains esti-
mates of both intensive margin effects (changes in cash bonus size) and extensive margin
effects (the presence or absence of cash bonuses), both of which are crucial during crises. My
study addresses this limitation by incorporating a broader dataset that includes both cash
bonus-paying and non-cash-bonus-paying banks. As a result—perhaps unexpectedly—the
banking literature provides little to no evidence linking cash bonuses to risk-taking, contrary
to prevailing policy discussions. Nevertheless, the corporate finance literature suggests that
such a link should not be dismissed. Guay et al.| (2019) argue that cash bonus plans in
non-financial firms exhibit performance sensitivity to earnings-based metrics that is approx-
imately ten times larger than previously estimated using equity-based sensitivity measures.
Building on their insights, I adopt a simple measure of cash bonus incentive ratio—the ra-
tio of cash bonuses to revenue—for reduced-form analysis and apply the same measure to
a structurally estimated dynamic financing model, allowing sensitivity to change over time
with persistence. Besides cash bonuses, a substantial body of research in banking examines
a positive relationship between risk-taking and ownership structure (Saunders et al.| (1990);
Laeven and Levine| (2009); Berger et al.| (2016)), Vega of option value (Bai and Elyasiani
(2013); |DeYoung et al.| (2013); Armstrong et al. (2022))), and inside-debt (Bennett et al.
(2015); |Van Bekkum (2016)).

To the best of my knowledge, no existing research structurally estimates a dynamic fi-
nancing model in banking that incorporates a detailed compensation structure. Therefore,
my paper contributes to the methodological literature. One of the closest models in corpo-
rate finance is |Glover and Levine|(2017), but my framework departs from theirs in several
key ways. First, I relax the assumption of constant returns-to-scale technology in revenue
generation, allowing bank size to be endogenously determined. Empirically, I find a tight
relationship in between bank size and CEQ’s salary. I model a trade-off of in between sizing
up the bank at the expense of distributing dividends to shareholders. This is a novel chan-
nel that would not being modeled explicitly in the literature. Second, I recast the model
to be fully dynamic, rather than assuming that the CEO retires annually and a new CEO
takes over. The implied 100% turnover rate in their model is inconsistent with real-world
data, where the average CEQO tenure is approximately 10 years, corresponding to an annual
turnover rate of 10%. Third, firms in my model face financial constraints and banking-
specific frictions, such as capital requirements and insured deposits. Despite the importance
of short-termism in shaping risk-taking incentives, structurally estimated dynamic models
addressing this relationship remain largely unexplored in the banking literature.”

"Practitioners have highlighted the importance of short-termism in financial stability, yet only a few
academic studies have examined this issue. The most closely related reduced-form study is |Kolasinski and
Yang| (2018), which develops an equity-duration-based measure of short-termism and argues that short-
termism was a root cause of the subprime crisis.



In terms of policy implications, [John et al.|(2000); Edmans and Liu| (2011); Bolton et al.
(2015) propose that interventions in bank executive compensation structures can influence
financial stability. However, the effectiveness of such regulatory measures remains uncertain.
My paper provides both theoretical and empirical evidence on the impact of compensation
regulations.

2 Data

Both Sectionsand which present the reduced-form analysis and the dynamic model, rely
on the same primary dataset on bank CEO compensation and bank financials, sourced from
S&P Capital 1Q. Because the full dataset is not available in a structured format on Wharton
Research Data Services (WRDS), it was collected manually, including web-scrapping. Tech-
nical details on data construction using S&P Capital IQ are provided in Internet Appendix
S&P Capital 1QQ compiles data from multiple sources. For publicly listed bank holding
companies and stand-alone commercial banks, balance sheet and income statement infor-
mation is extracted from annual reports (SEC Form 10-K), while CEO compensation data
is obtained from proxy statements (SEC Form DEF 14A). Prices of bank equity listed on
major U.S. exchanges—NYSE, NYSE Arca, NYSE American, and the NASDAQ markets—
are obtained from S&P Capital 1Q. For shares traded on over-the-counter (OTC) markets,
including the Pink Sheets and the OTC Bulletin Board, S&P Capital IQ sources data from
the Intercontinental Exchange (ICE). Board.®

I collect data for all companies classified under the Standard Industrial Classification
(SIC) code 6020 (commercial banks) from S&P Capital 1QQ. The sample includes national,
regional, and community banks, encompassing those traded on major U.S. stock exchanges
as well as those traded on over-the-counter (OTC) markets. I narrow down the sample
to a specific geographic region within the U.S. and exclude banks that do not report total
assets or CEO salaries. The final sample includes 717 commercial banks as of year-end
2006. Summary statistics are presented in detail in Section While many studies on
bank CEO compensation rely on Execucomp, which is limited to banks listed on the S&P
1500, my novel dataset includes an additional 648 commercial banks, significantly increasing
the sample size. To facilitate comparability, [FS (2011)| examine 95 financial institutions—
including bank holding companies and investment banks (SIC codes 6000-6300)—for the
year 2006. Because their sample includes non-bank financial firms, I construct a matched
subsample consisting of the S&P 1500 commercial banks from my dataset that correspond
to the firms listed in the appendix of [F'S (2011)| I manually reconcile discrepancies in bank
names to ensure an exact match. This process identifies 69 banks in my sample, which I refer
to as S&P 1500 banks. The remaining 648 banks are categorized as small and medium-sized
banks (SMBs), with their size distribution in 2006 measured by total assets, as shown in
Appendix Figure . The size distribution reveals significant heterogeneity among banks
not listed in the S&P 1500. For example, not every SMBs are smaller than S&P 1500
banks. This choice of including SMBs is motivated by two facts. Firstly, a comprehensive

8The OTC Bulletin Board and Pink Sheets require U.S. banks with non-SEC-registered securities to
follow the disclosure guidelines outlined in the OTCQX Rules for U.S. Banks.



sample including both SMBs and S&P 1500 banks provides valuable insights for scholars and
policymakers by illustrating the quantitative impact of executive compensation structures,
as the conflicts between bank managers and shareholders are common across banks of all
sizes. Secondly, SMBs encountered even greater challenges during the financial crisis than
S&P 1500 banks. One piece of evidence shows that 113 SMBs still owed Troubled Asset
Relief Program (TARP) money five years after the financial crisis, while most large banks
had repaid TARP funds (Coles et al.| (2006)).

3 Reduced-form Analysis

In Section [3.1] T present descriptive time-series plots of bank performance around the GFC,
focusing on four risk-taking measures: bankruptcy, Return on Assets (ROA), Return on
Equity (ROE), and buy-and-hold returns. Section reports summary statistics on banks’
financial characteristics and CEO compensation. These four measures serve as the dependent
variables in the reduced-form analysis presented in Section [3.3]

3.1 Evolution of Bankruptcy and Accounting and Market Returns
in the GFC

The years 2009 and 2010 mark the first and second peaks of bankruptcy in the aftermath of
the GFC and around half of bankruptcies eventually resulted in Chapter 11 reorganization.
Appendix Figure illustrates the evolution of the numbers of bankruptcies in my final
sample from 2000 to 2019. I construct a bankruptcy indicator equal to one for banks that
filed for bankruptcy between July 2007 and December 2010, and zero otherwise, to capture
the outcome of risk-taking. This variable is used in the cross-sectional regression analysis in
Section [3.3.2

Sharp declines in accounting returns such as ROA often precede bankruptcy, as dete-
riorating performance serves as a leading indicator while the bankruptcy process unfolds
over time. I document the evolution of ROA before and after the GFC in Figure The
figure presents the median and selected percentiles of ROA across two bank size categories:
SMBs and banks included in the S&P 1500 index. S&P 1500 banks generally consist of
larger institutions than those in the SMB sample. The evolution of ROA is similar across
bank size categories. In both size categories, the median ROA (solid black line) begins to
decline in 2007, reaches a trough at the end of 2008, and then gradually recovers across both
groups. Return on Equity (ROE) follows a nearly identical pattern (available upon request).
Examining the cross-sectional variation, there is substantial heterogeneity in ROA, which
increases notably during the GFC—particularly in the lower tail of the distribution. When
restricting the sample to banks that eventually filed for bankruptcy, the dash-dotted red line
shows a sharp decline in the fourth quarter of 2008, aligning with the 90th percentile of the
ROA distribution. This pattern supports a basic empirical regularity: banks with poorer
performance in accounting returns are more likely to file for bankruptcy.



Figure 1: RETURN ON ASSETS FOR ALL AND FAILED BANKS, BY Si1ZE, 2005Q4-2011Q4.
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The figure presents cross-sectional and time-series variation in Return on Assets (ROA), defined as net income divided by total
assets, for U.S. commercial banks over 24 quarters from 2005:Q4 to 2011:Q4. The sample includes two size groups: small
and medium-sized banks (SMBs, left panel) and S&P 1500 banks (right panel). The S&P 1500 group consists of publicly
listed banks on the NYSE, NYSE Arca, NYSE MKT, NASDAQ Global Select Market, NASDAQ Select Market, and NASDAQ
Capital Market. Within each group, the solid black line plots the median ROA, while shaded areas represent the interquartile
range: dark shading spans the 25th to 75th percentiles, and light shading spans the 10th to 90th percentiles. The red dashed

line shows the median ROA for banks that failed in 2009 or 2010, based on data through 2008. Vertical lines indicate the onset
(2007:Q3) and intensification (2008:Q4) of the financial crisis.

3.2 Summary Statistics: Pre-Crisis Bank Financials and CEO Com-
pensation, and Crisis-Era Performance

Table presents pre-crisis bank financials from 2006 and post-crisis performance measures
during the financial crisis, some of which are later used as outcome variables in the regres-
sion analysis. Table [2| summarizes crisis-era bankruptcy counts. Tablefocuses exclusively
on pre-crisis CEO compensation in 2006, which serves as explanatory variables in the re-

gressions. The right-most column in each table reports p-values from two-sided t-tests that
compare the means of SMBs with those of S&P 1500 banks.

The upper panel of Tableshows that the average total assets (market capitalization) of



SMBs is $2.3 billion ($0.5 billion) in 2006, while the average size of S&P 1500 banks is $37.6
billion ($7.5 billion)—more than ten times larger than that of SMBs. For bank performance
measures, the lower panel reports cumulative returns over the crisis period, spanning July
2007, to December 2008, by size category. These periods exclude the time in 2009 when
shareholder uncertainty about potential bank nationalizations is rising. This window follows
F'S (2011), and thus allows readers to compare our results directly with theirs. The average
ROA of SMBs (S&P 1500 banks) is 0.86 % (1.28 %) in 2006, and it fell to —0.03% (0.07%)
over the crisis window of 2007:QQ3-2008:QQ4. Because the crisis figure aggregates net income
over six quarters while the 2006 value is annual, the two numbers are not strictly comparable,
but they still highlight the sharp decline in performance. The buy-and-hold returns are a
performance measure that calculates the income and capital gains a stock investor earns
over a given period. The buy-and-hold returns of SMBs during the crisis average -42%.
Turning to forward-looking risk measures, the short-run marginal expected shortfall (MES)
equals 55 basis points for SMBs and 144 basis points for S&P 1500 banks. The average
SRISK-to-market-capitalization ratio—defined by |Brownlees and Engle| (2017)—is roughly
1 % for both groups. The modest ratio reflects the fact that only 3-5 % of banks in the
2006 sample exhibit a strictly positive SRISK. I include systemic risk measures as a control
variable in the regressions that predict subsequent under-performance at the individual-bank
level, consistent with Brownlees et al.|(2020); Acharya et al.|(2025).
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Accounting and market returns reflect systemic risk-taking only indirectly. A more direct
manifestation is the number of bank bankruptcies recorded during the GFC. Between July
2007 and December 2010, a total of 30 banks filed for bankruptcy (Table . Of these, 26
are SMBs. Therefore, the vast majority of crisis-era bankruptcies occurred among SMBs.

Table 2: BANK BANKRUPTCY FILINGS, JULY 2007-DECEMBER 2010.

Small and medium-sized banks S&P1500 banks
# of events Frequency # of events Frequency
Filed for bankruptcy 26 0.040 4 0.058

This table summarizes bank bankruptcy events from July 2007 to December 2010. “Filed for bankruptcy” includes banks that
entered Chapter 11, transitioned from Chapter 11 to Chapter 7, or filed directly under Chapter 7.

Table [3| reports the pre-crisis (2006) CEO compensation structure, detailing cash pay,
ownership, and stock options holdings. 1 characterize the compensation structure using
three parameters—cash bonus incentive ratio (6p), shareholdings (0s), and unexercisable
options (6p)—are used in both the reduced-form analysis in Section and the dynamic
model in Section [4l

Average cash compensation in 2006 is $0.52 million for SMB CEOs and $2.14 million for
CEOs of S&P 1500 banks, so large-bank CEOs earned roughly four times as much cash pay
as their SMB counterparts. Salary and cash bonuses constitute the two largest components
of cash compensation. Cash bonuses are roughly half as large as salaries for SMB CEOs,
whereas they exceed salaries for S&P 1500 CEOs on average. In 2006, 81% of SMB CEOs
and 83% of S&P 1500 bank CEOs received non-zero cash bonuses. Throughout this paper,
I define cash bonuses as the sum of discretionary and formulaic bonuses paid out.

Appendix Figure shows the time-series evolution of the share of cash bonuses—defined
as discretionary plus formulaic awards—paid to bank CEOs (black solid line) from 2000
to 2019. The red dashed line plots the share of CEOs who received only discretionary
bonuses. In 2006, when the SEC revised its executive-compensation disclosure rules, banks
were required to report discretionary and formulaic components separately, and roughly half
of CEOs received discretionary bonuses. Discretionary bonuses are awarded without a pre-
set performance formula. By contrast, formulaic bonuses are paid under a formal incentive
plan with performance goals established ex ante. At the height of the GFC in 2009, fewer
than half of CEOs received any cash bonus, but bonus prevalence returned to its pre-crisis
level by 2013°. In the final sample year, 2019, about two-thirds of CEOs received formulaic
bonuses and one-third received discretionary bonuses. Overall, the crisis produced only a
modest and transitory change in cash-bonus practices.

9Under TARP, recipients of exceptional assistance—mnamely Bank of America and Citigroup in my
sample—face an outright ban on paying cash bonuses to senior executives. In contrast, the majority of
TARP recipients, classified as receiving less extensive assistance, are not subject to a cash bonus ban. In-
stead, they are required to impose limits on incentive compensation structures, including a mandate that the
board of directors’ compensation committee review and certify that compensation plans do not encourage
unnecessary or excessive risk-taking.

12



In Table the bonus-to-revenue ratio (6z) is 0.29% on average for SMBs with a standard
deviation of 0.36% in 2006. I proxy the cash-bonus incentive with the bonus-to-revenue ratio.
This measure rests on a key assumption: revenue constitutes a relevant performance metric
for determining cash bonuses. While direct evidence from the banking sector is limited, this
assumption aligns with findings from the broader literature on executive compensation in
non-financial firms. |Guay et al.| (2019) document that 93% of firms in the ISS Incentive
Lab database link CEO bonus contracts to earnings-based performance measures, while 35%
use sales as the second most common metric. These figures provide evidence that bonus
contracts are predominantly tied to per-period earnings performance rather than to stock
price movements.'” Moreover, compared with profit, revenue—defined as net interest income
plus non-interest income—is a more tractable performance metric: because net interest
income is generally positive and typically exceeds non-interest income, revenue is seldom
zero or negative.

The average percentage ownership of shares (s) is 2.7% in the SMB sample, which is
larger compared to the S&P 1500 banks, where the average is 0.5% (Table . Although
the ownership percentage is lower in S&P 1500 banks, their average market capitalization
is more than ten times larger than that of SMBs (Table . This size difference accounts
for the substantially higher dollar value of CEO shareholdings in S&P 1500 banks, which
averages $21 million, compared to $6 million in SMBs. The value of CEO shareholdings is
roughly ten times larger than the corresponding cash compensation in both size categories.

The average unexercisable option-to-total share ratio (6p)—defined as the number of
unexercisable options divided by the total number of shares outstanding—is 0.3% in both
the SMB and S&P 1500 bank samples, which is lower than the corresponding ratio for
exercisable options. This discrepancy arises because unexercisable options are typically more
recent grants, whereas exercisable options were issued in prior years. In the SMB sample,
the number of unexercisable options is roughly one-tenth the size of shareholdings, while in
the S&P 1500 sample, this gap is nearly zero.

10Banks may employ a range of performance measures in their annual incentive plans. The 1996-1997
Annual Incentive Plan Design Survey conducted by Towers Perrin reports that 19 out of 21 U.S. finance
and insurance firms use earnings-based metrics, including net income, pre-tax income, and returns on assets,
equity, and capital.
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To motivate my focus on bank performance and CEO compensation structure, Figure
presents unconditional relationships between performance during the GFC—measured by
ROA and buy-and-hold returns—and pre-crisis incentive measures. The horizontal axis
categorizes pre-crisis incentive measures into five bins, and the vertical axis represents either
ROA or buy-and-hold returns. Panel A shows that ROA and buy-and-hold returns are
strongly negatively associated with the 2006 cash bonus incentive ratio, defined as the ratio
of cash bonuses to revenue. Panel B shows a similarly negative association with the value
of unexercisable options in 2006. The negative relationship between ROA and cash bonuses
remains robust under alternative specifications: when shifting the timing to the 2005 bonus
incentive ratio, using a narrower definition that excludes formulaic components, or replacing
the denominator with salary to construct the 2006 bonus-to-salary ratio (lower Panel A).
While Figure [2]highlights a strong association, it reflects only an unconditional correlation,
as it does not control for other CEO compensation components or bank characteristics. In
next Section I show that the relationship persists after conditioning on these factors.
The result also remains robust after addressing potential endogeneity in CEO compensation
structure.
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Figure 2: ROA AND BUY-AND-HOLD RETURNS DURING THE FINANCIAL CRISIS, BY
BAaNk CEO BONUS INCENTIVE MEASURES AND UNEXERCISABLE OPTIONS.
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Panel B: Unezercisable Options
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All variables are winsorized at the 1st and 99th percentiles. The figure presents line plots of ROA and buy-and-hold returns
during the Global Financial Crisis, categorized by quintile of various CEO bonus incentive measures and unexercisable options,
including the 2005 and 2006 bonus-to-revenue ratios, discretionary bonus-to revenue ratio, bonus-to-salary ratio, and unexer-
cisable option-to-share ratio in 2006. ROA during the crisis is calculated as net income from the third quarter of 2007 to the
fourth quarter of 2008, divided by the book value of total assets as of the end of the second quarter of 2007, capturing the early
phase of the financial crisis. Buy-and-hold returns are measured from July 2007 to December 2008. Each panel plots median
(red) and mean (blue) outcomes, along with the interquartile range (25th to 75th percentile, shaded).

3.3 Empirical Results

3.3.1 Main Specification: Cross-Sectional Ordinary Least Squares Regression
of Bank Returns

In this section, I argue that the pre-crisis bonus-to-revenue ratio and the unexercisable
option-to-total-share ratio are strong predictors of poor bank performance and a higher
incidence of bankruptcy during the crisis. In contrast, other compensation variables have
quantitatively smaller or statistically insignificant effects. I use this evidence to motivate the
dynamic model developed in Section [4]

I estimate variants of the following cross-sectional model:
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Rlsk—taklngmrisis = Bo+ (Bonusiypre_crisis /Tevenue; pre-crisis

/82/51 HBonusi,pre-crisis >0)

B3Ownership from shares; ;e crisis

B4 (Unexercisable options/total shares; pre-crisis

ﬁ5/54ﬂ-Unexercisable optionsi’pre_cﬁsis>0)
BeSalary and others; ;o . igis/t0tal assets; pre crisis

BrExercisable options; ;. cisis/total shares; pre crisis

+++ + + 4+ o+

’chontrOlSi,pre—crisis + €5 (1)

Here, ¢ indexes either the bank (for financial variables) or the matched CEO (for compen-
sation variables). In Equation , the left-hand side dependent variable, Risk-taking; .,
denotes the ex-post realized and expected gains or losses at the bank level for bank ¢ during
the crisis. I run regressions for three bank performance indices: ROA, ROE, and buy-and-
hold returns. ROA and ROE are calculated as the ratio of net income from July 2007 to
December 2008 divided by total assets and book value of equity as of the end of June 2007.
Buy-and-hold returns are measured as the total returns of banks, including dividends and
capital gains, from July 1, 2007, to December 31, 2008, relative to the share price on July
1, 2007.

The right-hand side variables capture ex-ante measures of bank CEQOs’ risk-taking incen-
tives and bank-level control variables, all observed in the pre-crisis period, as of 2006. The
coefficients 3; where j € {1,3,4,6,7} indicate the sensitivity of each compensation compo-
nent to risk-taking, (3, is the constant term, 7’ is a vector of coefficients for control variables
with a prime to indicate the transpose of a vector, and ¢; represents the error term. I choose
compensation ratios instead of the levels of compensation to address issues related to scaling.
Since cash bonuses are tied to bank performance, the bonus-to-revenue ratio 6g reflects the
strength of bonus incentives, analogous to the bonus beta in|Guay et al. (2019). Stock and
option holdings are scaled by the total number of shares (s and 6p), and salary and other
cash pay are scaled by total assets. This scaling approach for stock and options aligns with
the dynamic model in Section

Not all CEOs receive cash bonuses or stock options (Table. To disentangle the intensive
and extensive margin effects of CEO incentives, $; and (3 capture the intensive margin—that
is, the sensitivity of risk-taking to the magnitude of cash bonuses and unexercisable options,
conditional on their presence. In parallel, 5, and (; capture the extensive margin—that
is, the effect of receiving any strictly positive cash bonuses or stock options—through the
indicator variables 1Bonus; e crisis>0 @A TUnexercisable OPHONS; e crisis>0- The indicator function
1.~0 equals one if x is strictly positive and zero otherwise. When £, < 0 and 35 > 0, the
bonus-performance relationship exhibits an inflection point at —/5/8; > 0. For banks with
a bonus-to-revenue ratio below this threshold, the total contribution of bonuses, given by

51 <Bonusi7pre_crisis /Tevenue; e crisis + 2/ 61), is positive; for those above the threshold, the

total contribution of bonuses is negative. This pattern supports the view that capping cash
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bonuses may reduce risk-taking that leads to poor outcomes during the GFC. Specifically,
banks and CEOs with moderate bonus sensitivity exhibit better performance during the
crisis, suggesting that limiting excessive bonus incentives can mitigate risk-taking that proves
detrimental in periods of financial stress.

I control for bank characteristics, including the price-to-book ratio, the logarithm of
market capitalization, the Tier 1 capital ratio, and the wholesale funding-to-total asset ratio,
all measured at the end of 2006. |Correia et al.|(2024)) find that two key dimensions of a bank’s
fundamentals—solvency and funding vulnerability—strongly predict bank failures. I use the
Tier 1 capital ratio as a proxy for solvency and the wholesale funding ratio as a proxy for
funding vulnerability, following their findings that failing banks tend to exhibit deteriorating
capitalization and an increasing reliance on expensive, risk-sensitive funding. Although
market price, bank size, solvency, and funding vulnerability are jointly determined, I include
these variables as controls to examine the conditional relationship between compensation
structure and systemic risk-taking. I begin by presenting results for return on assets (ROA),
followed by robustness checks using ROE, market returns, and bank failures in Section
In addition, I address potential endogeneity concerns in the same section.

ROA. Table [4] presents the cross-sectional Ordinary Least Squares (OLS) estimates where
accounting returns are the dependent variable. The average ROA declined during the crisis
(Figure . Greater risk-taking incentives embedded in CEO compensation are associated
with a higher likelihood of experiencing a larger decline in ROA relative to peer banks during
the crisis. I test whether poor performance is predicted by CEO incentives, as measured by
compensation. The first five specifications in Panel A of Table |4] use five key compensation
ratios as the sole independent variables: cash bonus incentive ratio, shareholdings, unex-
ercisable options, salary, and exercisable options, respectively. Cash bonus incentive ratio
and unexercisable options remain statistically significant and robust across specifications.
Column (6) presents the benchmark specification, which controls for bank characteristics
and accounts for lagged return dependence. A one standard deviation increase in the bonus-
to-revenue (unexercisable option-to-total share) ratio—0.36% (0.75%)—is associated with a
0.72% (0.23%) reduction in ROA, calculated as —2.00. x 0.36% (—0.30 x 0.75%). The inflec-
tion point for the bonus-to-revenue ratio is 0.45% (calculated as —fs/f1), while the mean
bonus-to-revenue ratio is 0.29% with a standard deviation of 0.36%. Given the sizable dis-
persion in bonus sensitivity, a number of banks has bonus sensitivity exceeding the inflection
point estimated from the reduced-form model. Moreover, the variation in ROA implied by
compensation ratios is economically meaningful, relative to the observed crisis-period ROA
standard deviation of 1.51% (Table . Column (7) pools SMBs and S&P 1500 banks; the
resulting estimates are nearly identical to those based on the SMB sample alone.
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Table 4: REGRESSION RESULTS FOR RETURN ON ASSETS DURING THE FINANCIAL CRI-
SIS.

(1) (2) ®3) (4) (5) (6) (7)

Bonus/revenue (65) -1.250*** -1.996*** -1.987***
(-3.32) (-3.94) (-3.99)
1Bonus>0 0.00798*** 0.00891***  0.00723***
(3.18) (3.27) (2.88)
Ownership from shares (6s) -0.0136 -0.00640 -0.0111
(-0.65) (-0.25) (-0.45)
Unexercisable options (6p) -0.372%** -0.472** -0.554***
(-2.63) (-2.28) (-2.93)
L Unexercisable option>0 -0.000983 -0.00224 -0.00182
(-0.49) (-0.98) (-0.81)
Salary and others/total assets -4.293 -0.450 1.145
(-1.63) (-0.09) (0.25)
Exercisable options -0.0425* 0.0149 0.0167
(-1.82) (0.36) (0.41)
SMB Sample Only Yes Yes Yes Yes Yes Yes No
Lagged Returns No No No No No Yes Yes
Control of Bank Characteristics No No No No No Yes Yes
Adjusted R-squared 0.035 -0.001 0.014 0.006 0.003 0.124 0.123
Total Obs. 622 534 622 622 622 524 585

The table reports results from cross-sectional regressions of ROA for a sample of bank holding companies and stand-alone banks.
ROA is measured as the ratio of net income from July 2007 to December 2008, divided by total assets as of the end of June 2007.
The “bonus-to-revenue ratio” is defined as the 2006 annual cash bonus divided by annual revenue. “Ownership from shares”
refers to the CEO’s shareholdings as a percentage of total shares outstanding. “Salary and others/total assets” is calculated as
the annual salary plus other cash compensation (excluding cash bonuses) divided by total assets in 2006. “Exercisable options”
and “Unexercisable options” are expressed as the number of options granted divided by total shares outstanding. Specifications
(1), (3), and (6-7) include indicator variables. 1Bonus>0 (LUnexercisable option>0) is an indicator equal to one if cash bonuses
are paid (granted unexercisable option is non-zero) in 2006, and zero otherwise. lgs equals one if the bank is included in
the S&P 1500 sample, following |F'S (2011)] zero otherwise. Columns (1-6) include only SMBs; Column (7) pools SMBs and
S&P 1500 banks. “Lagged returns” refers to 2006 stock returns. Control variables include the price-to-book ratio, log market
capitalization, and Tier 1 capital ratio as of 2006. Standard errors are reported in parentheses. Statistical significance at the
1%, 5%, and 10% levels is denoted by *** ** and *, respectively.

3.3.2 Robustness

In this section, I assess and confirm the robustness of the predictive power of the pre-crisis
cash bonus incentive ratio and unexercisable options for bank performance during the crisis.

Cross-Sectional Regressions with Alternative Specifications. Appendix Table
confirms that the baseline results remain robust when alternative definitions of risk-taking
are used. Panel A replaces ROA with return on equity (ROE), and Panel B uses buy-and-
hold stock returns. In both cases, the direction and magnitude of the estimated effects are
consistent with the baseline.

Appendix Table[A2|replaces the denominator of the cash bonus incentive ratio with mar-
ket capitalization instead of revenue. The bonus coefficient remains negative and statistically
significant, reinforcing the result that stronger bonus incentives are associated with weaker
bank performance during the GFC.
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Appendix Table includes systemic risk measures—SRMES, In(14+SRISK), and SRISK-
to-market capitalization —as additional controls. Neither variable is statistically significant,
and the inclusion of these controls does not materially alter the estimated effects of bonus
incentives and option holdings.

Lastly, I replicate the results of [F'S (2011)|by applying their specification to the S&P 1500
bank sample, consistent with the scope of their study. This alignment enables a direct com-
parison and helps isolate whether differences in results arise from the empirical specification
or from the underlying sample composition.

Logit Regressions of Bank Bankruptcy. The preceding sections focus on the intensive
margin of ex-post performance—measured by ROA, ROE, and market returns—based on
a sample restricted to banks that survived through 2008, since institutions that filed for
bankruptcy are largely excluded from post-failure return data. This approach, however,
omits banks that are severely impaired or exited the market during the GFC due to excessive
risk-taking. To address this limitation, I estimate logit models of bank failure for both Bank
Holding Companies (BHCs) and stand-alone commercial banks. These regressions use CEO
compensation structure as the main explanatory variables, mirroring the cross-sectional OLS
specification for ROA in Table Columns (1)—(3) report univariate logit regressions, where
each specification includes a single CEO compensation ratio as the sole explanatory variable,
without controlling for bank characteristics. As shown in Table[5] the bonus-to-revenue ratio,
shareholdings, and the unexercisable-option-to-share ratio are all positively associated with
the likelihood of failure, indicating that stronger pre-crisis incentives are linked to greater
bankruptcy risk during the crisis. The Area Under the ROC Curve (AUC) for the benchmark
specification in column (4) is 0.8, suggesting that the model exhibits strong discriminatory
power in distinguishing banks that filed for bankruptcy from those that remained solvent
during the crisis.
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Table 5: LOGIT ESTIMATES OF BANK FAILURE DURING THE FINANCIAL CRISIS.

(1) (2) 3) (4) (5) (6) (7)

Bonus/revenue (65) 100.3*** 182.3*** 183.4%** 167.3*** 181.6***
(3.22) (3.17) (3.22) (2.90) (3.17)
Ownership from shares (0g) 4.653** 6.843** 6.789** 6.847** 6.862**
(2.01) (2.25) (2.25) (2.24) (2.27)
Unexercisable options (6o) 35.51%%*F  77.11%** 76.84%** 79.64%** TT.A3**
(2.85) (3.81) (3.76) (3.88) (3.83)
Salary and others/total assets -408.2 -350.8 -170.0 -398.6
(-0.32) (-0.28) (-0.15) (-0.31)
Exercisable options -13.59***  -13.67***  -13.63***  -13.66***
(-2.67) (-2.62) (-2.66) (-2.69)
Short-run MES in 2006 11.37
(0.43)
In(1+SRISK) 0.419*
(1.77)
SRISK-to-market cap ratio 0.459
(0.24)
Control of Bank Characteristics No No No Yes Yes Yes Yes
AUC 0.660 0.579 0.696 0.810 0.815 0.829 0.811
Log-Likelihood -121.503  -115.043 -122.361 -98.261 -98.165 -96.624 -98.249
Total Obs. 716 606 717 596 596 596 596

This table reports coefficient estimates from logit regressions of bank failure during the period July 2007 to December 2010. The
dependent variable equals one if the bank filed for bankruptcy and zero otherwise. Control variables include the price-to-book
ratio, the log of market capitalization, and the Tier 1 capital ratio, all measured as of year-end 2006.

Modified Control Function Regressions of the System Equation. The previous ar-
guments assume the endogeneity problem to be of secondary importance. In this section,
I relax that assumption. The endogeneity problem in estimating the parameters f;, where
i€{1,3,4,6,7} in Equation , arises if risk-taking and the CEQO’s compensation structure
are jointly determined by the bank manager and the board of directors representing share-
holders. For example, reverse causality may occur if higher levels of risk-taking are rewarded
with greater performance sensitivity through cash bonuses. In this case, the error terms ¢;
in Equation and cash bonus incentive ratio are correlated, violating the OLS assumption
and potentially leading to biased estimates. This section employs modified control func-
tion regressions to address endogeneity, leveraging heteroskedasticity for identification. The
main finding from these regressions is that cash bonuses and unexercisable options causally
contribute to increased risk-taking during the contraction period of the GFC, ultimately
resulting in a significant decrease in returns and lending activities.

I use two independent sets of system equations: one for cash bonuses and one for options.
Below, I explain the system of equations for cash bonuses using the modified control function
regression as follows:

Bonus/Revenue;; = ag; + A;Bonus/Revenue;; 1+ o' X;; 1 + &4 (2)
AROA; Bo + f1Bonus/Revenue; ;1 + 1" X; ;1 + year, + n;. (3)
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Equation captures the determination of the bonus-to-revenue ratio based on one-period
lagged bonus-to-revenue ratio and bank characteristics: (i) price-to-book ratio, (ii) the loga-
rithm of market capitalization, and (iii) Tier 1 capital ratio, with X, representing a 3-by-1
vector of bank characteristics. The dynamic specification of cash bonus incentive ratio re-
flects the persistence of cash bonus incentive ratio observed in the data. Subsequently, the
dynamic model in Sectionspeciﬁes cash bonus incentive ratio as an AR(1) process, similar
to the specification in Equation (3). The subscripts ¢ and ¢ of each variables denote the
bank and matched CEO index and time, respectively. Equation models ex-post realized
losses as a function of the bonus-to-revenue ratio. o/ and I" are 1-by-3 transposed vectors
of coefficients, with a prime to indicate the transpose of a vector. AROA;; is the first-order
difference of ROA. year, represents year fixed effects to control common factors affecting all
banks. g, is individual-level fixed effect and 3 is a constant term. &;; and n;; are error
terms.

The parameter of interest is 51, which measures the magnitude of how much the change in
returns is caused by the compensation structure. Endogeneity arises when Bonus/Revenue; ;1
and 7, are correlated. To address potential endogeneity, a linear projection of the error term

On,m
O¢,m

error terms &;; and 7;,. Here, parameters o¢,, and o, ,, represent the standard deviation of
shocks &; ;1 and n;; in “market” m € {1,..., M} where M denotes the total number of “mar-
kets”. “Market” m refers to a segmentation based on heteroskedasticity in the US banking
sector. Each bank matched with CEQO labeled as 7 is grouped into a specific market m, which
represents a combination of the year and one of the four geographic regions aligned with the
Office of the Comptroller of the Currency (OCC) supervision structure. This identification
strategy follows|Armstrong et al.| (2022) and employs geographic and time variations in error
term heteroskedasticity. To simplify the problem, I consider no more than two endogenous
variables at a time.

ni¢ 1s taken, defined as: 7;; = p( ) &i+—1 + wit where p is the correlation between the

Substitute the expression for 7;, into Equation , I get

T,

AROA;; = po+ fiBonus/Revenue;; 1 +I'X,,; 1 + year, + p ( m) Eito1 +wip. (4)

0-57m
Crucially, Bonus/Revenue,, ; and w;; are constructed to be uncorrelated. I employ an
iterative approach to estimate i, the coefficient of interest. In the first stage, I use the
Arellano-Bond dynamic panel estimator for Equation to estimate the error terms & ;.
In the second stage, estimating (3; involves calculating the ratio of standard deviations 72

O¢.m

for all four regions of OCC supervision and time, then estimating [; given the ratio of
standard deviations fixed. The process continues by updating o, ,, based on the estimated
parameter [3; at the first stage, and iterating this process until error terms ¢; ;—; in Equation

converges.

Table @summarizes the statistics of dependent and independent variables. The data is
available at annual frequency from 2000 to 2019. All variables are winsorized at 1% and
99% to mitigate the effect of outliers. Growth rates for loans and deposits are adjusted for
inflation, and level values are reported in real terms, indexed to 2006. e
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Table [7| presents the regression coefficients along with their 10% and 90% confidence in-
tervals, derived using the modified control function methods. I estimate bootstrapped stan-
dard errors using 1,000 resamples to address concerns that certain influential observations—
data points with a disproportionate impact on parameter estimates—could distort the ac-
curacy of standard errors. The baseline return measure is ROA, with the right-hand-
side variables including one-period lagged compensation ratios and the control function

X1+ p (Z—Z) &i1—1. Panel A of the table displays the estimates of ROA on the bonus-to-

revenue ratio. The main specification in Panel A is shown in Column (2), which highlights
a significant negative interaction between the bonus-to-revenue ratio and the contraction
period indicators for 2001, 2008, and 2009, encompassing both the Dot-Com bubble burst
and the GFC. A one standard deviation increase in the bonus-to-revenue ratio results in a
—0.09%(= —0.33 x 0.27%) decrease in ROA during contraction periods—a substantial ef-
fect considering the average (one standard deviation) ROA change of -0.49% (1.13%) during
these periods, as shown in Table @ The estimated negative coefficient for this interaction
term is statistically significant at the 10% level. To examine the effect of endogeneity, I
run an alternative regression without the endogeneity correction reported in Column (3) by
dropping the linear projected error terms &;;—; in Equation . The estimated parameters
for cash bonus incentive ratio remain quantitatively unchanged, suggesting that the endo-
geneity of the compensation structure in cash bonuses is of lesser concern. Moreover, the
estimated correlation parameters p in column (1-2) are statistically indistinguishable from
zero, providing no evidence of endogeneity in the data.

Incentives for non-CEO bank executives may influence decision-making in the boardroom.
However, the results remain robust even when the right-hand-side variables in Equations
(2h3) are adjusted from CEO compensation to the average compensation of the top five
executives, including non-CEO executives, as shown in specification (4) of Table This
robustness check addresses another concern that the CEO has limited control over the bank’s
decision-making, and the heterogeneity of compensation between CEOs and non-CEOs is
substantial.

Panel B in Table [7| examines the causal effect of unexercised options on risk-taking. The
point estimate of the cross-term of cash bonus incentive ratio and the contraction period
indicators is negative and statistically significant at the level of 10%. In summary, cash
bonus incentive ratio and options remain robust after accounting for endogeneity.
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Table 7: THE SENSITIVITY OF RETURN ON ASSET ON CASH BONUS AND OPTIONS

DURING THE CONTRACTION PERIODS.

Panel A: Cash Bonus Incentive Coefficient Op

Top executive

Top 5 executives

(1)

(2)

3)

(4)

Bonus/revenuewi1 -0.139 -0.114 -0.0686 -0.143
[-0.245,-0.033]  [-0.213,-0.016]  [-0.133,-0.004] [-0.335,0.048]
Bonus/revenueiytf1 X 1[¢=01,08,09] -0.327 -0.279 -0.639
[-0.650,-0.004]  [-0.617,0.059] [-1.242,-0.036]
p 0.0149 0.0288 0.0257
[-0.039,0.069] [-0.026,0.084] [-0.033,0.084]
Endogeneity Correction Yes Yes No Yes
R-squared 0.132 0.133 0.132 0.132
Total Obs. 7,170 7,170 7,170 7,170
Panel B: Unexercisable Options 60,
Top executive Top 5 executives
1) (2) (3) (4)
Unexer. options; ;_; 0.0182 0.0412 0.0461 0.0135
[-0.039,0.075]  [-0.016,0.099] [-0.015,0.107] [-0.024,0.051]
Unexer. options; ;1 X 1[;=01,08,09) -0.391 -0.383 -0.133
[-0.608,-0.173]  [-0.586,-0.180] [-0.335,0.069]
p -0.0282 0.00629 -0.0453
[-0.081,0.025]  [-0.050,0.063| [-0.126,0.035]
Endogeneity Correction Yes Yes No Yes
R-squared 0.132 0.137 0.137 0.137
Total Obs. 7,151 7,151 7,154 7,151

The dependent variable is AROA; in period ¢, with regressors including compensation and bank characteristics from period
t — 1, except for the indicator variables. Panel A (B) uses cash bonus incentive ratio §p (unexercisable options 6p) as the
compensation variable. Top executive is identified based on salary. “Cash bonus incentive ratio 6p” is defined as the ratio of
bonus to revenue. “Unexercisable options 0y” represents the ratio of the number of unexercisable options to the total number of
shares of common stock outstanding. The sample period spans from 2000 to 2019. I present 10% and 90% confidence intervals
in parentheses below the coefficient estimates. Bootstrapped standard errors are estimated using 1,000 resamples to address
concerns regarding certain influential observations. The sample includes both large firms and SMBs. Columns (1-2) and (4)
include an endogeneity correction and column (3) does not correct endogeneity. p represents the correlation between the error
terms &; ¢ and 7;,;. Column (4) uses the same specification as Column (2) but alters the sample to include the top 5 executives,
with their average compensation used as a right-hand-side variable.

Performance-sensitive cash bonuses might incentivize the supply of more loans. In partic-
ular, I ask: what are the effects of cash bonuses on lending and deposit-taking activities before
and during the crisis? Table |8| applies control function methods to analyze balance sheet
growth relative to compensation during contraction periods. The specifications are similar
to those in Equations , except interchanging left-hand-side variables to loan, mortgage,
deposit growths. The analysis uncovers two key findings. Firstly, higher bonus-to-revenue
ratios lead banks to increase lending in the long term. All models (1-6) exhibit positive and
statistically significant coefficients, as reported in the first row of Table[8] Secondly, elevated
cash bonuses result in a more pronounced contraction in total loans, commercial mortgages,
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and deposits during the crisis periods of 2001, 2008, and 2009. Models (1), (4), and (6) es-
timate negative coefficients for the interaction term between cash bonus incentive ratio and
the crisis period indicator, indicating that these negative coefficients contribute to a larger
decline in commercial lending and deposit-taking activities during crises. In summary, cap-
ping cash bonuses might present trade-offs: while lowering cash bonus incentive ratio reduces
the adverse impact on loans during crises, it may also diminish CEOs’ incentives to increase
lending in the long-run. Motivated by the empirical evidence, I introduce a dynamic model
in Section |4] which allows testing how much lending changes in response to capping cash
bonuses at the level of salary.
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4 Dynamic Model

The reduced-form analysis in Section[3] establishes a link between systemic risk-taking and
bank CEOs’ incentives. This section presents a structural estimation of a dynamic model
using the Simulated Method of Moments (SMM) estimator. The dynamic model utilizes a
novel database of bank CEO compensation for structural estimation, as I explain in Section
The primary purpose of introducing the dynamic model is to conduct counterfactual
experiments on compensation regulations to quantify the impact of bank CEOs’ incentives on
risk-taking and lending. As of 2024, the United States lacks formal regulations on bank CEO
compensation. Assessing the impact of proposed regulations, such as deferred compensation,
capping cash bonuses at the level of salary, and adding contingent pay, goes beyond the
reduced-form specifications used in Section

The theoretical objective is to construct a dynamic model that aligns with observed bank
financials while assuming that CEOs act in their self-interest. The model accounts for the
fact that bank CEOs derive utility not only from shareholding but also from salary, cash
bonuses, options, and pension benefits. A stylized fact is established, showing that salary
exhibits decreasing returns to scale relative to bank size. The model endogenously deter-
mines the bank size distribution, meaning that size and compensation are jointly determined
in equilibrium. Salary introduces concave payoffs, while bank CEOs face uncertainty aris-
ing from insured deposit inflows and outflows. Combining these features, the model’s key
economic mechanism is precautionary savings.

In the policy debate, most proposed policies are argued to address issues of short-termism.
Short-termism in the dynamic model arises through multiple channels. First, it is mod-
eled by incorporating CEO turnover, which shifts CEOs’ focus toward short-term gains at
the expense of long-term stability. Second, managerial conflicts arise from the compen-
sation structure. Performance-sensitive cash bonuses create incentives to prioritize short-
term gains. Moreover, shareholdings exert pressure to prioritize short-term gains relative to
salaries contingent on survival.

The model section begins by introducing the loan production technology, the preferences
of managers and shareholders, the population, and the definition of the competitive industrial
equilibrium.

4.1 Population, Preference, Technology, and Equilibrium

The model casts in discrete time with an infinite horizon (¢ = 1,2,...). The frequency is
annual. To ease notation, the variable x (2) represents the current period ¢ (the next period
t+1).

There are two agents in the economy: the bank manager and a representative household.
The bank manager (also referred to as the CEO) takes a control of bank’s financial decisions.
The representative household constitutes the majority of the shareholders and delegates
decision-making to the bank manager. Assuming an atomistic bank manager simplifies the
problem by treating share prices as exogenous and approximating that bank-level equity
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payouts are unaffected by individual CEO compensation. In the model, any shares granted
to the CEOQ, including those from exercised stock options, are immediately repurchased by
the bank to maintain a constant number of shares over time. Both the bank manager and
the representative household are risk-neutral and discount their utility at the same rate, (.
Consequently, no agency conflict arises at the level of preferences. Risk neutrality of the
household abstracts from aggregate fluctuations in asset prices.

Table@summarizes the economy-wide states and loan production technology. I describe
the states of the economy ¢, their associated probabilities, loan revenues, and bank fail-
ure rates. The second column of Table @ shows the probability of each state’s realization.
The model focuses on inter-temporal trade-offs in systemic (or correlated) risk-taking. The
likelihood of failure depends on the economy-wide state, c. Nature selects the binary state
¢ € {0,1}, representing either a normal state (¢ = 0) or a systemic banking crisis state
(¢ = 1), motivated by the clustering of bank failures during periods of systemic banking
crises (Internet Appendix . The parameters of Il and 1 — II are the probabilities of
normal and banking crisis states, respectively. Systemic banking crises are treated as tran-
sitory events to avoid introducing additional state variables into the model and aggregate
fluctuations.

Bank Manager. Banks have access to a loan production and risk-taking technology. These
technologies yield higher returns in the current period at the expense of an increased likeli-
hood of bank failure in the future period. A static version of this technology is first introduced
by [Allen and Gale| (2000); Boyd and De Nicolo| (2005). The bank failure rate is correlated
with the state of the economy c.

I first explain systemic risk-taking in the normal state (¢ = 0). Extending the static
environment in|Allen and Gale|(2000); Boyd and De Nicolo| (2005)), the probability of success
in loan production in the normal state (¢ = 0) is modeled as p(S) = 1 — 1,S™, where

S e [O, (1/ 170)1/ m] represents the level of risk-taking, with 7y as the scaling factor and 7, as

the returns-to-scale parameter. The parameter 7y governs a scaling factor of returns on risk-
taking, and n; € [0, 00) is the elasticity of returns on risk-taking. I parameterize 9y =1 — p
with the long-run average rate of success of p. These parameterizations lead to p(S = 1) = p,
indicating that a risk-taking level of one (S = 1) matches the average success rate. To see the
dependency of risk-taking S on the success probability in normal state p, I can express risk-
taking as S(p) = {(1 — p)/(1 — p)}/™, which satisfies the following relationships: $’ < 0,
indicating that returns decrease with a higher success rate, and S” < 0, reflecting decreasing
marginal returns on risk-taking, for all p € [0,1]. Decreasing marginal returns ensure an
interior solution for the optimal choice of risk-taking.

ASI1™ gives loan revenue, where A is a scaling factor of loan returns, [ represents the
outstanding of loans, oy € (0,1) denotes the returns to scale (Table[9). The scaling factor
of loan revenue is set as A = S~! — 1, where 3 is the shareholders’ discount rate. Loan
production and risk-taking incur variable costs, ;, which include not only loan losses but
also operating costs proportional to the bank’s size, [.

The model captures systemic risk-taking by setting the probability of failure higher during
banking crisis periods (¢ = 1) than during non-crisis periods (¢ = 0). Define A(p) as the
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unconditional success probability: A(p) = lIp+ (1 —1II) {1 — A\,(1 — p)}. The interpretation
is as follows. In a crisis state, failure rate 1 — p increases by a fixed proportion A, > 1
(Table@. Therefore, \,(1 — p) gives the failure rate in banking crisis states. How do loan
production and risk-taking technology, along with correlated bank failures, correspond to
reality? The clustering of bank failures may arise from the concentration of loan portfolios.
For instance, |Cole and White| (2012) find that banks with high exposure to commercial real
estate loans experienced high failure rates following the crisis. Another example is that high
systemic risk-taking manifests as a concentration in highly rated tranches, leading to poor
performance in stressed economic conditions (Erel et al.| (2014))). Following those discussions,
risk-taking S can also be interpreted as the loan portfolio weights assigned to specific sectors,
such as commercial real estate, though this is not an exhaustive explanation.

Table 9: States of Non-Crisis and Systemic Banking Crises and the Loan Production/Risk-
Taking Technology.

State Prob. of State Realization Loan Revenue Bank Failure Rate
Non-crisis (¢ = 0) I AS] 1-p
Banking Crisis (¢ = 1) 1-1I Ap(1—p)

This table describes two aggregate states in the economy: the non-crisis state (¢ = 0) and the systemic banking crisis state
(¢ = 1). More detailed definitions are provided in the text.

What are the economic costs associated with a bank failure? In the event of a bank
failure, both the manager and shareholders incur substantial costs. The bank’s share price
plummets to zero, leading to significant losses for both parties. Empirical evidence indicates
that the FDIC’s average loss from selling a failed bank is approximately 28% of the bank’s
assets (Granja et al.| (2017)), an amount that often exceeds the typical book value of equity.
Consequently, the share value of a failed bank is likely negligible.!!

To solve for the stationary equilibrium, failed banks are replaced by new ones. When the
bank fails, the only costs borne exclusively by shareholders are the initial equity injections
for newly established banks.

Bank CEO turnover is a key driver of short-termism. Turnover is relatively common in
the banking industry, with the average CEO tenure being approximately 10 years (Internet
Appendix. In the model, CEOs leave office for two reasons. The first is random resigna-
tion, referred to as exogenous turnover, which occurs with a constant probability «, in each
period. The second reason is bank failure, in which case a new CEO assumes control—this is
referred to as endogenous turnover. Notably, higher exogenous turnover exacerbates agency

1The manager’s problem is normalized to the value associated with a failed bank’s manager. Regardless
of the CEO’s employment status, the bank’s manager receives a constant cash flow of ¢p, in addition to
CEO compensation, while employed. Here, ¢y represents guaranteed income or a constant withdrawal from
personal wealth. The value of a failed bank’s manager is defined as vy = ¢yp + Bvp (excluding gains from
selling shares and exercising stock options). Since the manager’s utility is risk-neutral, ¢y can be set to zero
without loss of generality, implying vy = 0.
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conflicts by shortening the manager’s decision-making horizon while leaving shareholder in-
centives unaffected.

Once CEOs leave their position—either due to exogenous turnover resulting from an
unlucky draw or endogenous turnover caused by a bank failure—they no longer receive
salaries or cash bonuses and proceed to sell shares and exercise options. Considering the
strong signaling effect of selling shares and exercising options during their tenure, I prohibit
managers from selling shares or exercising options while in office.!?

The bank manager operates over an infinite time horizon and chooses (i) the level of
risk-taking, S (or equivalently, the probability of success, p), and (ii) next period’s equity,
€', given the current state vector, z, and current equity, e. These decisions simultaneously
determine the levels of loans and dividends. The state variables are z and e. 2z follows
an exogenous process, while ¢ and €’ are endogenously determined in equilibrium. The
state variable, a duplet z = (0p,1nd,4), includes the latent cash bonus incentive ratio, g €
R, and the logarithm of deposit capacity, Ind,;. In the model, banks set cash bonuses as
performance-based pay, tied to revenue as a metric. Cash bonuses are then paid in proportion
to revenue and are non-negative. Choosing revenue as a performance measure is consistent
with the specifications used in the reduced-form analysis in Section and follows the same
reasoning for that choice. In turn, the second element of the state vector z is the logarithm
of deposit capacity Ind,;. Each bank has its own upper bound on the amount of deposits it
can undertake, and these capacities vary over time. To incorporate the persistence observed
in the data, I model the dynamics of the state vector z using a one-period lagged Vector
Auto Regression (VAR) process (details are in Internet Appendix. Given the negligible
correlation between cash bonus incentive ratio and the logarithm of deposits, the correlation
between these shocks is set to zero in the VAR model. Cash bonus incentive ratio follows
the exogenous process. This exogeneity reflects corporate governance practices where the
bank CEO has limited influence over the compensation committee in the short run, which
determines cash bonus incentive ratio.

Banks finance their loans, [, through deposits, d, and equity, e, with deposits being a
relatively inexpensive source of funding compared to equity. Loans and deposits are central
to banking, but the model can also interpret loans as total assets and deposits as liabilities
more broadly. For simplicity, I refer to them as loans and deposits, as they are typically the
largest components of a bank’s assets and liabilities. Deposit rates are denoted as r4, which
is equal to B4rs, where (3, is the deposit rate pass-through, and 7y = 57 — 1 is the risk-free
rate. Since the majority of retail deposits are insured by the FDIC, cross-sectional difference
in individual banks’ default risks are not priced into deposit rates r4. Matching the deposit
spread ry — rq is particularly important since [Egan et al.| (2022) estimates that deposit
productivity accounts for two-thirds of the median bank’s value. The bank does not have
access to external equity financing due to information frictions between the managers and
shareholders. Therefore, net equity payouts are subject to a non-negativity constraint. This
external equity financing constraint reflects the fact that seasoned equity offerings (SEOs)
both rare and typically small in scale (Wang et al.| (2022)).

12In practice, banks require CEOs and other executive officers to maintain a minimum level of stock
ownership to align incentives, typically set as a fixed multiple of their salary.
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Finally, T note that compensation pay is endogenous, whereas the compensation contract
is exogenous.'® Compensation pay refers to the monetary amount received by CEOs, while
the compensation contract defines the structure of this payment, including elements such as
pay-for-performance sensitivity and the number of option contracts. Since both bank perfor-
mance and share price are endogenously determined, compensation pay is also endogenously
determined. Salary and cash bonuses are awarded on a per-period basis, while the other
components—shareholdings, stock options, and pension benefits—are treated as one-time
allocations. I model salary F' as 0pl*F where 6 > 0 and ar € (0,1) are fixed parameters
across banks and time, capturing scaling factors. Since bank size [ is endogenous, salary pay
is also endogenous. Shareholdings s and stock option ratios 6o are also fixed across banks
and time. #p denotes a common parameter, consistent across banks and time, representing
the ratio of the present value of pension benefits to salary. Later, the three parameters, 65,
fo, and Op, are calibrated to match the averages observed in the data.

Manager’s Optimization Problem. The bank manager maximizes their lifetime utility
w(z, e) given the equilibrium share price v(z, e). The recursive problem is

w(z,e) = @I:n(%}é/) F + 0 max {ASI* — r4d, 0}

+ 0sD(e,S,¢) + (1 — o) BA(P(S)) Bz [w(2, €')]
4+ wBAP(S))E. . [0sv(2',€') + 0o max{v(2',€') — ATM,0} + 0pF],  (5)

subject to auxiliary equations and financial constraints:

F = 0pl*" (Fixed salary), (6)

I = d+e, (7)

fp = max {93,0}, (8)

D(e,S,€¢) = (1 —7eg) [(1 — 7e) {ASI™ — ryd — 6,1} + 7.0l — (¢' — €], 9)

D > 0 (External equity issuance constraint), (10)

ATM = w(z,e[®) — D (At the money strike price), (11)

d = min{d;,d} (Deposit capacity), (12)

© - X (Capital requirement). (13)
d+e

Eq. provides the manager’s per-period utility, continuation values, and terminal values.
® is a set of policy functions with respect to control variables: risk-taking .S and next period
equity €. The first term on the right hand-side of Eq. (5) represents the fixed salary F,
which is defined in Eq. @ The second term in Eq. ll is the bonus, a revenue-based

13Unlike in optimal contract theory, I do not treat the compensation contract as endogenous for two reasons.
First, the focus of this paper is to provide quantitative insights into how bank CEOs respond to changes under
the suboptimal compensation contracts. Second, the data poses challenges in constructing a quantitative
model with optimal contracting. For instance, the cost of CEO compensation in the shareholders’ objective
function appears disproportionately small in the data compared to theoretical predictions, as noted by
Edmans et al.|(2023). For these two reasons, I develop a model with a suboptimal compensation contract.
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payment calculated as the actual cash bonus incentive ratio, max {93,0}, multiplied by

revenue ASI™ — rqd. The latent bonus incentive coefficient, éB, follows an AR(1) process,
which allows 05 to take negative values. However, the realized bonus payment must remain
positive; otherwise, it is set to zero. In the third term in Eq. , the bank manager receives
a fraction fg of the bank-level dividends D. The fourth term represents the continuation
value if the bank succeeds in loan production with probability A(p(S)) and avoids forced
turnover with probability 1 — a,,. The fifth term of Eq. in the third line represents the
terminal payoffs from selling shareholdings, stock options, and the present value of pension
benefits for a resigned CEQO. The parameter 6y is the number of stock options normalized by
the total number of shareholdings. The strike price is set at-the-money, one period ahead,
following the modeling assumption in|Glover and Levine (2017). Typically, the stock option
is not dividend-protected; therefore, the at the money strike price (ATM) is set to the the
ex-dividend price.

Eqgs. (]E show the variable definitions and the key financial constraints that managers
face. Eq. (7)) represents the balance sheet identity. The after-tax equity payout D is equal
to after-tax profit, plus tax deduction, minus the change in internal equity, ¢’ —e. 7, denotes
the corporate tax rate (Eq. @) The before-tax profit ASI* — ryd — d40 is equal to loan
revenue minus the costs of deposits, and loan depreciation. 7. is the effective dividend costs,
which includes regulatory compliance costs, signaling costs, and other costs associated with
dividends that are not micro-founded. The after-tax equity payout, D, is constrained to be
positive, and the bank manager cannot not issue external equity to meet financing needs (Eq.
). Eq. defines the ex-dividend price of the stock, which is the cum-dividend price
v minus the equity payout D. Deposit capacity d4 captures bank’s exposure to the quantity
risks of in- and out-flowing deposits. The majority of deposits are demand deposits, which
depositors can withdraw at any time. Deposit needs to meet deposit capacity constraint
in E.q. . Eq. imposes a capital requirement on banks, which contributes to the
manager’s risk aversion. Banks accept deposits up to their deposit capacity d4 unless the
deposit size exceeds the binding capital requirement given the size of equity.'"* d in Egs.
represents the maximum amount of deposits under the capital requirement ratio y
given the size of equity e.

Equilibrium. To close the model, I define the equilibrium. The stationary competitive
industrial equilibrium is a collection of (i) managers maximizes their utility as in Equation
(5) subject to Egs. (6{13) given the equilibrium share price v, (ii) given manager’s policy
functions ® = (S(z,e),€'(z,e)), the representative household optimizes her portfolio. The
representative household has no direct power to prevent the bank manager from deviating
from the shareholders’ interests, except through the market price for shareholding. The
Internet Appendixshows the household’s optimization problem. With market clearing
condition of fixed supply of total share, share price v follows

14The model does not solve the optimization problem with respect to deposits (d), thereby reducing the
number of control variables. Instead, it assumes that the manager is willing to accept as many deposits as
possible, given their low cost compared to other financing options.
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v(z,e|®) = D(e,S,¢)+  BApP(9))Ex. [v(, €'|P)]
discounted expected :arlue of survived banks
+ \5(1 — Apiy)) B [—e+ U(Z',g\@)l . (14)

~
net discounted expected value of failed/new banks

In Equation , the representative household prices shares as the sum of expected dis-
counted cash flows minus the equity injection for newly chartered banks. e is a parameter
that specifies the size of the equity injection required to start a new bank.

I solve Eqgs. 1 i numerically by discretizing the value function into a finite num-
ber of grid points. The numerical algorithm follows the procedure documented in Internet

Appendix

4.2 Calibration, Estimation, Identification, and Model-Fit

There are 23 model parameters. 17 of calibrated and externally estimated parameters are
reported in Table 6 of internally estimated parameters are summarized in Table

Benchmark Parameters. Discount factor 5 of 0.96 targets annual real interest rates of
r; = 4%. The bank executive turnover rate a,, is set as 10% in the model, closely aligning
with 9% annual turnover rate observed in data from 2000 to 2018. The turnover rate in
the data is presented in Internet Appendix Next, I use large cross-country data and
long historical US data to set parameters for systemic banking crises (Internet Appendix
A.7). The probability of a banking crisis 1 — II is 5.5%, based on cross-country evidence
from periods between 1800 and 2016 in the Global Crises Data. |Krishnamurthy and Li
(2020) target an unconditional annual frequency of financial crises of 4%, a value similar to
that used in my calibration. The number of failure in banking crisis increases by A, ~ 11
according to US historical events, using data compiled by the FDIC. The deposit rate pass-
through is set to 0.3, a close estimate based on Drechsler et al.| (2017} 2021). Assuming real
interest rates are equal to the Federal Funds Rate, the deposit rate is 7y = 1.2%(= 0.3 x 4%)
in the long-run. The persistence of deposit capacity ks, is estimated from a dynamic panel
regression using the Arellano-Bond estimator. Normalization of real values in the model is
achieved by setting the average deposit capacity d4 to 1. The capital requirement ratio y is
set to 6% in the model, which is the midpoint of the minimum capital ratios of Tier 1 to
Risk-Weighted Assets (RWA) of 4% and 8% of total capital to RWA in Basel I and II since
1988. The decreasing returns to scale parameter a; is estimated outside the model using
fixed-effects panel regression of revenue on total assets in the data. The estimate gives a 1%
increase in total assets increases revenue by 0.84%. Lastly, corporate tax rate 7. is set to
35%.

Panel B in Table explains parameters regarding with compensation structure selected
outside the model. Salary and bank size exhibits a strong log-linear correlation (Appendix
Figure A fixed-effects model estimates the elasticity of salary at 0.3, indicating that
a 1% increase in bank size leads to a 0.3% increase in salary (Internet Appendix[A.8). In
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non-financial firms, cross-sectional differences in salary are primarily explained by firm size,
but this relationship has weaker or no explanatory power for temporal changes within a
firm—a phenomenon often referred to as the cross-sectional “Roberts’s law.” In contrast, in
the banking sector, the log-linear relationship between firm size and CEO salaries remains
consistent for temporal variations. Consequently, the decreasing sensitivity of salary to bank
size ensures an interior solution for the optimal bank size. In turn, from the second to the fifth
rows in TablePanel B report model parameters for shareholdings, unexercisable options,
and the present value of pension benefits. On average, the number of CEO’s shareholding
(unexercisable stock option) to total shares is 0s ~ 2% (0o ~ 0.3%) in the data. The
average present value of the pension benefit-to-salary ratio in the data is 5. However, the
data on pension benefits are limited; additional details are provided in . The model sets
a parameter Op to 5.'° The estimated persistency of cash bonus incentive ratio g, is 0.8
from dynamic panel regression (Internet Appendix . Finally, the mean of the ergodic
distribution of latent cash bonus incentive ratio g, is set to zero in the benchmark. Since
the actual cash bonus incentive ratio, g, only takes positive values, half of the managers do
not receive cash bonuses. This model prediction aligns with data observations from 2000 to
2019.

Table reports the SMM estimated parameters inside model. Details of estimation and
computation are provided in Internet Appendix The SMM estimator minimizes the
objective function in Equation by adjusting model parameters to align model-implied
moments with the real-data. I combine a particle swarm algorithm for the global search
and the Nelder-Mead algorithm for the local search. To identify six model parameters—0p,
M1, oy, O,y 01, and Teg—1 use six moments. Six moments are the average bonus-to-salary
ratio; failure rate; variance of bonus-to-revenue ratio; variance of deposit growth; the average
leverage; the average market-to-book ratio. A couple of parameters are interpretable. The
estimated elasticity of risky investment suggests that an increase of 1 percentage point in
failure probability during normal periods p leads to approximately a 36 basis point increase
in the revenue-to-asset ratio.' The estimated variable costs of loans, J;, are 28 basis points,
while the effective dividend costs, 7o, are 71%. Without these expenses, the model produces
a leverage ratio and a price-to-book ratio unusually higher than those observed in the data.

Identification. Figure [3]examines the sensitivity of moments to changes in model param-
eters. Each row represents a parameter, and each column represents a moment. Steep and
monotonic relationships between the six parameters and six moments provide strong iden-
tification. The invertibility of the moment matrix ensures that each parameter contributes
distinct information, further supporting identification, as evident from the standard errors
of the estimated parameters (shown in parentheses in Table Panel B). This invertibility is
explained as follows. Horizontally, three moments—the variance of the bonus-to-salary ratio,
the variance of deposit growth, and the price-to-book ratio—correspond to three parameters:

15The average ratio of CEO’s inside-debt to salary ratio across 285 banks is calculated as 5.89 in
Van Bekkum| (2016).
tThis result is derived from the following calculation: the marginal contribution to the revenue-to-asset

M 1-p
eterization where oy ~ 1 and p ~ p, this simplifies to ﬁ (AS1™) ~ ;—{

1/m—1
ratio is given by ~-2— (ASI* /1) = rplo—1 (L) (=2 ! . In equilibrium, with the benchmark param-
a(1-p) I
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0B, 0s,, and T, respectively. Each of these parameters is the dominant and sole factor in
the model that explains its corresponding moment through a one-to-one relationship with
the data. The identification of the remaining three parameters, 0, 71, and ¢, is explained
sequentially. Since op is matched to the variance in deposit growth, the bonus-to-salary ratio
informs the size of 0p. T4, determined by the price-to-book ratio, also influences leverage.
The two cost parameters, §; and 7., are identified separately due to the different timing
of cost realization. Floating loan costs (¢;) are incurred before the bank distributes cash
flows as dividends or retained earnings (equity), affecting both the market and book value
of equity. This results in a neutral or weak negative response on the price-to-book ratio.
In contrast, effective dividend costs (7o) are paid after the distribution of cash flows as re-
tained earnings. Higher effective dividend costs reduce 7.4 dividends while keeping the book
value of equity constant, leading to a negative relationship between effective dividend costs
and the price-to-book ratio. Finally, floating loan costs (d;) are adjusted to ensure that the
simulated leverage aligns with real data. The elasticity of risky investment (7)) is identified
by its impact on the failure rate, as changes in 7, affect only the failure rate while leaving
other moments unchanged. Panel A in Table reports the targeted moments used in the
SMM estimation. Six model moments are statistically indistinguishable from the real-data
moments, confirming a good fit.

Validation. Panel B in Table [12| checks that the fraction of deposits is equal to capacity
(i.e., the fraction of banks facing d ~ §4) is 98%, and only 2% of banks have a binding
capital ratio constraint. The average deposits in the simulated (real) data is 1.034 (14.030 in
log-million-dollars and 1239.5 in million-dollars).!'” Given that deposits are nearly equal to
deposit capacity, one unit in the model corresponds to 1.2 billion dollars in 2006, adjusted
by inflation.

1"The average deposits may exceed one, while the mean of the logarithm of deposit capacity, In(dg),
is zero. Since deposit capacity &4 follows a log-normal distribution, the mean of d4 is given by
exp ((1 — k5,) Indq + 503,/(1 — ks,)?). Given that 64 = 1, estimated variance of > 0, and the mean-
reversion parameter 0 < k5, < 1, this parameterization implies that the mean of §4 is strictly greater than
1.
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Table 10: CALIBRATED AND EXTERNALLY-ESTIMATED MODEL PARAMETERS.

Description

Source

Panel A: Preference, Technology, Financial Frictions, Regulations, Taxes Selected Outside Model

Value
8 0.9600
o, 0.1000
I 0.9448
A, 10.9835
P 0.9985
B4 0.3000
ks, 0.8948
54  1.0000
X 0.0600
a;  0.8355
7. 0.3500
ap 0.2851
fs  0.0210
fo  0.0020
fp  5.0000
Koy 0.6352
f  0.0024

Manager’s and Shareholder’s Discount Factor

Exogenous Turnover Rate

One minus Probability of Banking Crisis
Crisis Failure Rate/Non-crisis Failure Rate
Long-Run Average Returns on Loan Production
Deposit Rate Pass-through

Persistency of Deposit Capacity
Long-Run Average of Deposit Capacity
Capital Requirement Ratio

Decreasing Returns to Scale of Loan Production
. Corporate Tax Rate

Panel B: Compensation Structure Selected Outside Model
Elasticity of Salary

Avg. Manager’s Total Stock Holding to Total Shares
Avg. Manager’s Unexercisable Stock Option to Shares
Avg. Manager’s Present Value of Pension to Salary
Persistency of Bonus-to-Revenue Ratio
Long-Run Bonus-to-Revenue Ratio

Standard Parameter

9% Per Annum

Long-Run Cross-Country Average
Ratios of US Historical Average
Long-Run Success Rate

DSS (2017)

Panel Regression
Normalization

Regulation

Panel Regression

Standard Parameter

Panel Regression
S&P Capital 1Q
S&P Capital 1Q
S&P Capital 1Q
Panel Regression
Frequency of Bonus Payment

The tables report calibrated in Panel A and externally estimated model parameters in Panel B.

Table 11: INTERNALLY-ESTIMATED MODEL PARAMETERS.

Description Estimate
fOr  Scaling Factor of Salary 0.00025
(0.00002)
m Elasticity of Risky Investment 14.6040
(0.5395)
o9,  Volatility of Bonus Sensitivity — 0.0025
(0.0001)
os, Volatility of Deposit Capacity 0.1212
(0.0120)
0 Variable Costs of Loans 0.0138
(0.0019)
Tof  Effective Dividend Costs 0.7006
(0.0803)

Parameters are estimated using the simulated method of moments (SMM). The standard errors of the estimated parameters
are reported in parentheses.
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Figure 3: COMPARATIVE STATICS OF MOMENTS FOR A CHANGE IN MODEL PARAME-
TERS.
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The number of simulated samples is S = 50. The time period is 7' = 1000, with a burn-in period of T' = 40 and a sample size
of N = 500 banks. The solid lines represent the relationship between the model parameters on the z-axes and simulated
moments on the y-axes, while the vertical dotted lines correspond to the estimated parameters in each figures. The vertical
axis lists the targeted moments, which include the Bonus-to-Salary Ratio, failure rate, variance of the Bonus-to-Revenue
Ratio, variance of deposit growth, leverage, and the P/B ratio. The P/B ratio is the ratio of market capitalization to the book
value of equity. The horizontal axis lists the estimated parameters being analyzed, denoted as 0, n1, 06, 05,, 01, and Teg-

O is the scaling factor for salary. 71 measures the elasticity of risky investment. oy, and o5, govern the volatility of cash
bonus incentive ratio and deposit capacity processes, respectively. §; represents the variable costs of loans, and 7og captures
the effective dividend costs. Each cell in the grid represents the relationship between a specific targeted moment and an
estimated parameter.
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Table 12: TARGETED MOMENTS AND VALIDATION OF DEPOSITS.

Panel A: Targeted Moments in Simulated Method of Moments

Description Model Data  t-test of difference
Average of Bonus-to-Salary Ratio 0.403 0.406 0.004
Failure Rate (bps) 40 43 0.002
Variance of Bonus-to-Revenue Ratio x1000 0.007  0.007 -0.000
Variance of Deposit Growth 0.018 0.017 -0.003
Average of Leverage 0.100  0.096 -0.144
Average of P/B Ratio 1.269  1.402 0.171

Panel B: Model Simulated Deposit Capacity 4 and Deposit d

Description Model

Fraction of Deposits is Equal to the Capacity 0.979
Average Deposits 1.034

Panel A in this table reports the simulated versus real-data moments, along with t-statistics for the pairwise differences. The
real-data sample includes bank financials and compensation data from 2000 to 2019. Failure rate includes both sample of
normal and banking crises periods. The variance of real-data is calculated using within-bank variation after the removal of
fixed effects. Panel B simulates the benchmark model and calculates the distribution and evolution of unobserved deposit
capacity, d4, and observed deposits, d, across banks and time. In Panel B, “Fraction of Deposits Equal to Capacity” computes
the fraction of banks whose deposits exactly match their deposit capacity.

Model Fit. Table [13|evaluates the model performance by comparing simulated moments
with the real-data. Unlike with Table moments in Table are not targeted in the
SMM estimation. Consequently, this comparison assesses the validity of the modeling as-
sumptions and the parameter calibration. The logarithms of loans and deposits exhibit high
persistence, as evidenced by their autocorrelations in both simulated- and real-data. The
standard deviation of loan growth is approximately 12% in the model and 16% in the data.
Due to the high volatility of the exogenous deposit capacity growth rate, loan growth also
becomes highly volatile. The model understates the volatility of equity growth observed
in the data, with a volatility of 16% compared to 22% in the data. The model-generated
standard deviation of capital ratio is 3.6%, compared to 2.7% in the data. The motives for
saving in equity arise from three channels. The first channel is the precautionary motive,
driven by capital constraints, the costly nature of external equity financing, and decreasing
returns to scale in salary. For instance, if a bank experiences a positive deposit capacity
shock and its capital requirement is binding due to insufficient internal equity, it may miss
profitable lending opportunities because external equity issuance is prohibited. Additionally,
holding more equity reduces salary variability due to decreasing returns to scale. The third
channel is the presence of effective dividend costs 7.g. The marginal benefit of saving in
equity increases relative to paying dividends when effective dividend costs are higher. This
effect is pronounced, as evidenced by the sharp response of leverage to changes in effective
dividend costs shown in Figure|3l The model generates an average revenue-to-asset ratio of
3% and an equity payout-to-asset ratio of 0.7%, both aligning with real-world data. Since
cash bonuses are tied to the revenue-to-asset ratio, the model must ensure consistency be-
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tween managerial compensation and bank financials across both flow and stock variables.
Next, I check the distributional characteristics of the compensation structure.

Panel B in Table [13|presents statistics on cash bonuses, cash compensation, share value,
and equity payouts. Half of the banks paid cash bonuses to their CEOs, and the model suc-
cessfully replicates the observed pattern where only around 10% of banks paid cash bonuses
exceeding the CEQO’s salary in both the simulated and real data. This feature is crucial for
evaluating the impact of introducing a bonus cap, which is set relative to salary. Over- or
underestimating the bonus-to-salary ratio leads to inconsistent results.

In the third row of Panel B in Table the value of shareholdings is eight times larger
than the sum of salary and bonuses in both the model-simulated and real-data. Given that
the bonus-to-salary ratio is 0.4 (Table [12)), the size of bonuses is an order of magnitude
smaller than the value of shareholdings. Additionally, histograms of cash bonus incentive
ratio 6 and bonus-to-salary ratio are provided in Figure These histograms show simulated
and real-data exhibit similar distributional characteristics.

Table 13: Validation of Model Simulated-Data Against Real-Data of Bank Financials and
Compensation.

Moments Model Data

Panel A: Balance Sheets and Profits and Losses
Auto Corr. of In Loans 0.8867 0.9341
Auto Corr. of In Deposits 0.8833 0.9341
Std. Dev. of Loan Growth 0.1222 0.1619
Corr(In Loans, In Deposits) 0.9904 0.9837
Std. Dev. of Equity Growth 0.1622  0.2240
Std. Dev. of Leverage 0.0361  0.0270
Mean of Revenue per Assets 0.0310 0.0397
Mean of Equity Payout per Assets 0.0053 0.0047
Std. Dev. of Equity Payout per Assets 0.0066  0.0039

Panel B: Compensation
Fraction of Banks Paying CEO Bonuses 0.7059 0.7391
Fraction of Banks Paying CEO Bonuses Equal to or Greater than Salary 0.0871 0.0985
Mean of Share Value-to-Salary and Bonus 8.2191 8.0380
Mean of Equity Payout-to-Salary and Bonus 0.3593 0.2935

The table compares moments from the model with real data not used in the Simulated Method of Moments estimation. All
real-data variables are expressed in inflation-adjusted terms, with the sample period spanning from 2000 to 2019. The
autocorrelation of logarithms and the cross-correlation of loans and deposits are calculated using demeaned logarithms at the
bank level to account for unobserved heterogeneity. Leverage is defined as the equity-to-total assets ratio. In the real-data,
equity payouts in the model are matched with cash dividends. The “Fraction of Banks Paying CEO Bonuses” is calculated as
the ratio of banks paying non-zero bonuses to the total number of banks in each period. In the model, the “Fraction of Banks
Paying CEO Bonuses Equal to or Greater than Salary” is defined as the ratio of banks where bonuses

max {éB, O} max {ASI% — r,d,0} are equal to or greater than the salary 0pl*F. Mean of share value-to-salary and bonus

ratio is Ogv/ [max {53, 0} max {ASI* — r4d, 0}} .

41



Figure 4: MODEL VALIDATION OF CASH BONUS INCENTIVE COEFFICIENT AND BONUS-
TO-SALARY RATIO.
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These histograms compare cash bonus incentive ratio and the bonus-to-salary ratios in the model and real-data. In the model,
observed cash bonus incentive ratio (the bonus-to-salary ratio) is calculated as g = max {5 B, 0}

(6 max {ASI* — rgd,0} / (Opl*F)). The number of simulated samples is S = 50. The histograms in Panel (a) and (c) are
based on model simulated-data. The time period is T' = 1000, with a burn-in period of T' = 40 and a sample size of N = 500
banks. The histograms in Panel (b) and (d) are based on real-data from 2000 to 2019.

Policy and Value Functions. Panel A (Panel B) of Figure depicts two policy (value)
functions. These functions are computed at equilibrium and averaged over the model’s
ergodic distribution, conditional on the latent cash bonus incentive ratio, 9~B, and deposit
capacity, dq.

In the left-hand figure of Panel A, higher latent cash bonus sensitivity (9~B) increases the
probability of failure during normal periods (1—p, top-left panel) while also raising the level of
equity in the next period (¢’, top-right panel). The economic mechanism behind the elevated
failure probability is that cash bonuses—being short-term in nature—increase the marginal
incentive for risk-taking, as managers seek to maximize immediate payouts. In Section I
quantify the impact of a bonus cap and compare it with alternative compensation regulations
proposed by policymakers. On the one hand, the capital constraint on next-period equity
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(¢’) binds at low levels of bonus sensitivity, particularly in the northwest region of the state
space. On the other hand, when bonus sensitivity is high (southeast region), the constraint
becomes slack, and a precautionary saving motive dominates: the bank manager optimally
chooses to hold a buffer of equity to mitigate future risks.

Panel B presents the model-implied value functions for the manager (w, left) and the
shareholder (v, right). These characterize expected continuation values at equilibrium, con-
ditional on 65 and 6. The contrast in their patterns reflects the degree of incentive misalign-
ment between the two parties. The manager’s value function is more sensitive to changes in
6 B, exhibiting greater variation along the horizontal axis. In contrast, the shareholder’s value
increases more uniformly with 4, and is less responsive to fp. This asymmetry highlights
that the effect of cash bonus incentives on shareholder value is largely indirect—operating
through the manager’s decisions. Theoretically, this can be understood via the envelope
condition of the manager’s recursive problem in Equation [5} which implies:

0 [ow 0
—_— = - — 11” < A A
893 (85d) 93>005d ( Sl rdd)
Marginal Revenue of D;}rjosit Capacity (MRDC)
0 0
_ ]]_D>095(1—Teﬁ‘)8 B <85d /<Zye)>
0 0 .
+ — 73| (1 = aw)BAP(S)E. . [w(z', €)] cw BA(P(S))
803 add

+  awBAP(S))E, . [0sv(2, €') + 0o max{v(z', €) — ATM, 0}] ) } (15)

The cross-partial derivative a(? <g—§‘;) captures how the marginal value of additional deposit

capacity 04 changes with respect to the latent cash bonus incentive ratio Op. Economically,
a positive cross-partial implies that stronger bonus incentives amplify the marginal benefit
of increased deposit capacity for the manager’s continuation value. Numerical simulations

indicate that 83 (3;“) > 0, and I provide an analytical explanation for this result. The first

term in parentheses on the right-hand side of Equation 15| represents the marginal revenue
of deposit capacity (MRDC), which is primarily positive due to a favorable interest rate
margin—driven by the significant mark-down on deposit rates. As a result, an additional
unit of deposit capacity is profitable and materially affects cash bonus payouts. The second
term captures a direct negative effect on dividends due to increased retention of earnings.
However, numerical results suggest this effect is comparatively small. The third and fourth
terms in Equat10n. 15| which involve discounted expected future values, reflect the persistence
of the latent state variables 93 and 4.
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Figure 5: EQUILIBRIUM POLICY AND VALUE FUNCTIONS AS A FUNCTION OF BONUS
SENSITIVITY AND DEPOSIT CAPACITY.
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These figures show the optimal policy functions ® (bottom panels) from Equationat equilibrium, and the value functions w
(top-left panel) and v (top-right panel). In the top-left and top-right panels, the probability of failure in normal periods

(1 — p) and the optimal next-period equity (e’), respectively, are plotted as functions of the latent cash bonus incentive ratio
0p and deposit capacity d4. These functions are computed at equilibrium and averaged over the model’s ergodic distribution.
In each figure, the colors represent the magnitude of the corresponding choice variable: failure rates, next-period equity, and
manager and shareholder value functions, respectively.

4.3 Designs of Counterfactual Policies

In this section, I present counterfactual experiments, focusing on two sets of simulations.
The first set aims to measure the impact of short-termism and managerial conflicts on fail-
ure rates, loans, and market capitalization. Firstly, I set the turnover rates «,,, from 10% in
the benchmark scenario to 5% in the counterfactual. Additionally, I explore the effects of
increasing managers’ shareholdings, a commonly discussed remedy among policymakers to
address agency conflicts. Finally, I entirely eliminate misalignments in managerial incentives
arising from compensation schemes and turnover. In turn, the second set of counterfactual
simulations compares policy proposals for regulating compensation schemes. The counter-
factual policy scenarios include (i) the Dodd-Frank Act Section 9561, (ii) the EU bonus cap,
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(iii) unsecured and secured contingent debt, and (iv) an option ban.

Dodd-Frank Act Section 956. Section 956 of the Dodd-Frank Act proposes deferring
a portion of bonuses. In my model, I assume that 50% (7 = 50%, 7 represents the weight
of deferred compensation for bonuses and dividends) of bonuses are subject to a one-year
deferral. This simplifies the proposed rule, which requires 40-60% of bonuses to be deferred,
by using the midpoint. The deferred compensation accrues at the risk-free rate r; and is
discounted by the factor 5. The manager’s problem in Equation is replaced with a new
recursive formulation under the Dodd-Frank proposal:

w(z,e) = q)rzn(%xl) F+{(1—-7)+768(1+7rs)Ap(S))}0pmax {ASI* —r,d,0}

deferred bonuses
+ QSD(ea S> el) + (1 - O‘w)ﬁA(p(S))]Ez’\z {w(zlu 6,)]
+  awBAP(S))E, ., [Osv(2, €') + 0o max{v(z’,e) — ATM,0} + 6pF]. (16)

Deferred bonuses repay a fraction of an expected failure rate 1 — A(p(S)) of the bonuses
to shareholders in the 2nd term of Equation . Compared to the benchmark model in
Equation , the bank CEQO faces reduced incentives to pursue riskier strategies, as the
expected payouts from bonuses are lower. Depending on the model parameters, the bank
manager may adjust loan issuance either upward or downward.

EU Bonus Cap. The EU bonus cap combines capping and deferring bonuses. After the
implementation of EU bonus cap-like compensation regulation in the US banking industry,
the manager’s problem becomes:

w(z,e) = R F4+{(1—7)+78(1+r;)A(p(S5))} min {5 max {ASI" —rad,0} , F'}

bonus cap and ?ir!aferred bonuses
+ 0sD(e,S,€') 4+ (1 — ) BA(P(S))Erps [w(2', €)]
4+ wBA(P(S))E, . [0sv(2, ') + 0o max{v(z',e') — ATM,0} + 0pF]. (17)

The fixed salary, F', is set as the bonus cap in the 2nd term of Equation . Additionally,
the EU introduces a parameter 7 that governs the proportion of bonuses that are deferred.
I impose a deferred bonus weight 7 of 50%, which is in the middle of the 40-60% range
that the EU, and the rule in the UK before 2024 use to restrict the fraction of variable pay
that must be deferred. Although the term “EU Bonus Cap” suggests only capping bonuses,
the implemented regulation combines the bonus cap with deferred bonuses. As additional
counterfactuals, I examine the effects of (i) deferred bonuses and (ii) bonus caps, respectively.

Unsecured and Secured Contingent Debts. This policy adds pension benefit-like pay
as unsecured contingent debt.!® Standard pension benefit practices, which are typically
unsecured, calculate pension benefits as a percentage of the CEQO’s final salary or an average
of salaries over recent years (Sundaram and Yermack| (2007)). In the model, unsecured

18 A broader concept of debt-like compensation, referred to as “inside debt,” includes both deferred com-
pensation and pension benefits.
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contingent debt is payable upon both retirement and contingent on the bank’s survival. The
manager’s problem with additional unsecured contingent debt is formulated as follows:

w(z,e) = (I’I:Il(%};)F—I— 05 max {ASI* — ryd, 0}

+ OsD(e, S, ¢') + (1 — ) BA(p(S)) Bz [w(2', €')]

+  BAP(S))E, . [0sv(2,€') + 0o max{v(z',€') — ATM,0} + 0pF]

+  afARS)E (18)
————

unsecured contingent debt

where the parameter 7 adds payouts of salary multiplied by the factor 7. I add contingent
payments of the same size as the salary by setting the parameter 7 to one. Incorporating
contingent debt in a counterfactual experiment provides valuable insights into how changes
in compensation structure influence risk-taking and lending behavior.

Similar to unsecured contingent debt, secured debt is payable upon retirement but is not
contingent on the bank’s survival. The manager’s problem with additional secured contingent
debt is formulated as follows:

w(z,e) = @1:11(?:/)}7 + 0 max {ASI* — ryd, 0}

OsD(e,S,€') + (1 — o) BA(P(S)) Bz [w(2', €)]

wBA(p(S))E. . [Bsv(2, €') + 0o max{v(z', €) — ATM, 0} 4 0pF]
v, BF : (19)
==

unsecured contingent debt

+ o+ +

Qualitatively, unsecured contingent debt provides weaker risk-taking incentives than secured
contingent debt, as its expected payout declines more sharply with increasing failure rates.

Option Ban. The option ban sets 6y to zero in the benchmark model of Equation .
The effect of options on risk-taking is ambiguous. Options may increase risk-taking by
incentivizing dividends above the strike price. However, this effect might be mitigated or
even reversed, as the risk-taking decision could be priced into the shareholder value, thereby
raising the strike price in equilibrium. A higher strike price reduces option payoffs, assuming
all else remains equal. Therefore, only the dynamic model can quantify the overall impact
of banning stock options on risk-taking.

4.4 Results

4.4.1 Quantifying Agency Conflicts and Measuring the Effects of Counterfac-
tual Compensation Regulations

Tablepresents the results from the benchmark (Panel A) and counterfactual experiments
(Panels B and C), based on the model specifications described in Section The table
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reports the effects on failure rates during crises, loans, book value of equity, and market
capitalization in the long-run. I compare the benchmark model, which reflects the real-
world, to counterfactuals. The simulated sample consists of S = 50, with T = 1000 time
periods, a burn-in period of T' = 40, and N = 500 hypothetical banks.'” The longer time
horizon compared to simulations in estimation allows me to ensure finite sample performance
and accurately compute the average failure rate during a crisis.

In Panel B, T analyze the impact of incentive misalignment between managers and share-
holders arising from exogenous turnover and compensation structures. First, I explain the
effects of turnover (model (b)). To evaluate these effects, the counterfactual model low-
ers exogenous turnover by setting its rate, a,,, from 10% to 5%. The findings indicate
that lower turnover (i) reduces risk-taking and (ii) increases lending. Turnover-induced
short-termism intensifies pressure for immediate returns, thereby increasing risk-taking (.59).
Halving turnover reduces failure rates during crises by 48 basis points. Moreover, mitigating
short-termism encourages managers to retain more earnings, as reflected in a reduction in
the equity payout-to-equity ratio from 4.6% to 4.1%. The net effect on market capitalization
in a low-turnover economy is near-zero.

Next, I describe the implications for shareholdings and examine the near elimination of
agency conflicts (model (c-d)). Specifically, I test the prevailing hypothesis that increased eq-
uity ownership enhances bank governance. The results contradict this view. Model (c), which
incorporates shareholdings one standard deviation above the benchmark, shows that higher
shareholdings strengthen risk-taking incentives and reduce internal savings. To understand
the incentive differences between salary and shareholdings, it is important to note that size-
dependent salaries are relatively insensitive to short-term returns, whereas shareholdings are
more sensitive. Even though an inter-temporal effect is present, where increased risk-taking
raises revenue and subsequently boosts future equity and cash bonuses, is quantitatively
insignificant. In model (c¢), with higher shareholdings, the relative size of salary decreases,
giving the manager stronger incentives to take risks and weaker incentives to save as eq-
uity. This shift from retained earnings to dividends occurs because the manager’s marginal
continuation value declines with higher risk-taking. As a result, the simulation shows a 38-
basis-point increase in failure rates during crises and a 3.1% decrease in loans compared to
the benchmark, primarily driven by a drop in equity levels. This analysis, framed through
the model, helps to explain the reduced-form findings in Section and the empirical results
in [F'S (2011) and |Beltratti and Stulz (2012), all of which indicate that greater managerial
shareholdings are associated with higher failure rates or poorer performance during the GFC.

Finally, model (d) examines the combined effects of eliminating exogenous turnover and
implementing compensation structures that exclude shareholdings. This scenario leads to
substantially higher failure rates, even under minimal agency conflict, as equity-based com-
pensation typically incentivizes risk-taking. Loan volumes also decline relative to the bench-
mark. Despite these adverse effects, aggregate shareholder value increases by 1% in the
zero-agency-conflict setting. This result underscores the tension between aligning manage-

Michaelides and Ng[(2000) suggests that S = 10 provides a reasonable size for finite sample performance.
However, I adopt a more conservative sample size. A longer sample is necessary to calculate failure rates
during crises, as both bank failure and banking crises occur infrequently in both the model and real-world
data.
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rial incentives and mitigating risk-taking.

In Panel C, I conduct additional seven counterfactual policy experiments (models (e)—
(k)) as detailed in Table These policies reflect proposals frequently discussed by scholars
and policymakers. The Dodd-Frank Act Section 956 proposes (model (e)) deferred bonuses
to address short-termism. Models (f) tests deferred bonuses, respectively. While these
policies (models (e)—(f)) reduce risk-taking and increase lending, their impact on bank value
is modest. Model (g) explores bonus caps at 100% of salary, respectively. This cap reduces
long-term lending by 53 basis points and lower crisis failure rates by 25 basis points. Bank
value in model (g) decreases by 1 percentage. In summary, policies involving deferred bonuses
and bonus caps reduce bank value, rendering them unattractive to shareholders. Model
(h) examines the EU bonus cap, which combines a deferred bonus structure with a cap on
bonuses. The result is similar to model (g), which implements only a bonus cap. In summary,
I find that bonus caps have higher impact on risk-taking compared to deferred bonuses.

Model (i) and (j) evaluates the introduction of additional unsecured and secured contin-
gent debt equivalent to 100% of the previous year’s salary, respectively. Both secured and
unsecured debt yield nearly identical results, decreasing failure rates by 8-9 basis points. I
conclude that contingent debt in the model primarily addresses short-termism arising from
turnover risk. Lastly, the reduced-form evidence presented in Section to consider the
effects of banning stock options (model (k)). However, this policy has negligible impact,
reducing failure rates by only 1 basis points.

To conclude, a bonus cap has the greatest impact on reducing failures during a crisis.
However, it also significantly reduces market capitalization. This reduction is due to low
risk-taking.
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5 Conclusion

This paper makes a twofold contribution to the literature. First, it provides new evidence
linking bank performance to shortcomings in CEO compensation structures. I construct a
novel dataset encompassing both SMBs and S&P 1500 banks. The reduced-form analysis
identifies an economically significant positive relationship between systemic risk-taking and
compensation, particularly cash bonuses and unexercisable stock options. These regression
results remain robust across various bank performance measures, including ROA, ROE, buy-
and-hold returns, and bank failure. To address potential endogeneity concerns, I employ
the modified control function method, which allows me to establish a causal link between
CEO compensation structures—especially cash bonus incentive ratio and unexercisable stock
options—and risk-taking. Overall, the results are consistent across different specifications
and estimation methods.

Second, I develop a quantitative banking model with dynamic financing choices to eval-
uate the effects of salary, bonuses shareholdings, stock options, and pension benefits on
systemic risk-taking. The model incorporates bank managers facing decreasing returns to
scale in salary, idiosyncratic and persistent risky deposit inflows and outflows, external equity
financing costs, and capital requirements. Using U.S. data, I estimate the model and demon-
strate its alignment with empirical findings from the reduced-form analysis. Furthermore, I
compare the effects of proposed but unimplemented regulations discussed by policymakers.
In a counterfactual analysis, I find that a bonus cap reduces both bank failures and loan
volumes, leading to a decline in bank value relative to the benchmark. While these proposed
policies effectively lower bank failure rates, they also introduce adverse effects on financial
intermediation.

Future research could investigate how other banking regulations, such as capital require-
ments, and frictions, such as imperfect competition in the deposit market, interact with
CEO compensation incentives. Moreover, extending dynamic banking models to incorpo-
rate incentive misalignments, including salaries, cash bonuses, shareholdings, stock options,
and pension benefits, within a general equilibrium framework could yield valuable insights
into the welfare implications of CEO compensation regulations and other micro- and macro-
prudential policies.
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A Internet Appendices

A.1 Post-GFC Policy Debates on Bank CEO Compensation

Ben Bernanke, Chairman of the Federal Reserve, commented, “ Compensation practices at
some banking organizations have led to misaligned incentives and excessive risk-taking, con-
tributing to bank losses and financial instability” (Press Release, Board of Governors of the
Federal Reserve System, October 22, 2009).

The |Financial Stability Forum| (2009) report notes that “High short-term profits led to
generous bonus payments to employees without adequate regard to the longer-term risks they
imposed on their firms,” raising concerns in short-termism in banking sector.

Timothy Geithner, United States Secretary of the Treasury, highlighted the role of com-
pensation structures in the financial crisis, noting in his testimony to Congress on June 6,
2009, that “although many things caused this crisis, what happened to compensation and the
incentives in creative risk-taking did contribute in some institutions to the vulnerability that
we saw in this financial crisis.”

William Dudley, President and CEO of the Federal Reserve Bank of New York, empha-
sized the importance of focusing on the incentives facing banks and their employees, stating
that “an effective requlatory regime and comprehensive supervision are not sufficient” (U.S.
Chamber of Commerce, Washington DC, March 26, 2018). Dudley suggests that bank CEO
compensation “needs to be a shift in the miz of deferred compensation away from equity and
towards debt” to improve financial stability and rebuild public trust (Dudley| (2014)).

A.2 Data Construction from S&P Capital 1Q

Since the only information available in the current and former job titles for each executive
officer is reported in DEF 14A, I identify the bank CEO by choosing the executive officer
with the highest salary. I presume that the highest salary officer is the bank CEO. Although
this individual may hold a title such as president or chairman instead of CEO, any of these
roles should represent the bank’s top management, responsible for making major corporate
decisions.

Most variables used in the reduced-form analysis and the dynamic model are accessible
through the Excel plug-in in S&P Capital 1Q. However, the key variables, “Percentage Own-
ership from Shares” and “Present Value of Accumulated Benefits,” are not available through
the plug-in. Consequently, I employ a combination of manual data collection and web scrap-
ing techniques to construct the database. Specifically, I manually download the “Capital 1Q
Person Screening Report” as an HTML-formatted file from S&P Capital 1Q for each bank
executive on the name list. The screening criteria are as follows: (i) the executive must work
at a commercial bank; (i) the bank’s total assets in 2006 must be non-zero; and (iii) the
executive’s salary must be reported as non-zero for at least one period between 2000 and
2019. Second, I use Python, along with the Beautiful Soup library, to extract these two
variables from the rows labeled “% Of CSO” and “Present Value of Accumulated Benefits”
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in the HTML-formatted file.

The market capitalization is calculated from the product of outstanding shares and the
stock price of the bank. Outstanding shares are as of the end of the year. Since the initial
filing date of the balance sheet period end is not available in S&P Capital 1Q, I use the end
of the year stock price to compute the market capitalization.

A closely related dataset is constructed by Berger et al.| (2016), who study a sample of
341 commercial banks from 2006:Q1 to 2010:QQ3, with particular attention to hand-collected
data from failed institutions. In contrast, my dataset includes nearly twice as many banks.

A.3 Robustness of Cross-Sectional Analysis

This section assesses the robustness of the reduced-form analyses in Section Table
tests whether the results hold when the dependent variables are replaced with ROE and
buy-and-hold returns. Table employs an alternative measure for cash bonus incentive
ratio.

A.3.1 Alternative Measure for Returns and Cash Bonus Incentive Coefficient

Table Al: EXPLAINING RETURN ON EQUITY AND BUY-AND-HOLD RETURNS DURING
THE FINANCIAL CRISIS.

Panel A: Return on Equity

) (2) ®3) (4) (5) (6) (7)

Bonus/revenue (65) -12.07*** -21.09***  -21.23***
(-3.28) (-3.99) (-4.09)
1Bonus>0 0.0768*** 0.0839***  0.0698**
(3.04) (2.84) (2.57)
Ownership from shares (6s) -0.251 -0.223 -0.237
(-1.05) (-0.81) (-0.88)
Unexercisable options (6o) -4.375%* -5.447*%  -5.818%**
(-2.58) (-2.17) (-2.67)
L Unexercisable option>0 -0.00880 -0.0175 -0.0149
(-0.43) (-0.69) (-0.60)
Salary and others/total assets -22.60 10.94 21.45
(-1.14) (0.25) (0.52)
Exercisable options -0.481* 0.167 0.186
(-1.89) (0.35) (0.39)
SMB Sample Only Yes Yes Yes Yes Yes Yes No
Lagged Returns No No No No No Yes Yes
Control of Bank Characteristics No No No No No Yes Yes
Adjusted R-squared 0.029 0.001 0.017 0.000 0.004 0.118 0.124
Total Obs. 619 530 619 619 619 520 579

The footnote is located at the bottom of the last table.
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Panel B: Buy-And-Hold Returns

(1) (2) 3) (4) (5) (6) (7)

Bonus/revenue (0p3) -28.07*** -35.37***  _35.49***
(-6.58) (-6.34) (-6.20)
1Bonus>0 0.123*** 0.109** 0.0930**
(3.37) (2.58) (2.32)
Ownership from shares (0g) -0.133 -0.112 0.0199
(-0.42) (-0.33) (0.06)
Unexercisable options (6p) -7.A45T7F** -6.022%**  -6.449***
(-5.33) (-2.61) (-3.15)
LUnexercisable option>0 -0.0341 -0.0627* -0.0544
(-1.18) (-1.70) (-1.53)
Salary and others/total assets -83.00%** 68.37 17.76
(-3.14) (1.43) (0.35)
Exercisable options -1.296*** -0.274 -0.150
(-4.27) (-0.63) (-0.33)
SMB Sample Only Yes Yes Yes Yes Yes Yes No
Lagged Returns No No No No No Yes Yes
Control of Bank Characteristics No No No No No Yes Yes
Adjusted R-squared 0.081 -0.001 0.034 0.014 0.021 0.171 0.150
Total Obs. 598 504 599 599 599 495 550

The tables present results from cross-sectional regressions of ROA in Panel A and buy-and-hold returns in Panel B for a sample
of bank holding companies and stand-alone banks. ROA is calculated as the ratio of net income from July 2007 to August 2008
divided by total assets as of the end of June 2007. The “bonus-to-revenue ratio” is calculated as the annual bonus for 2006
divided by the annual revenue for that year. “Ownership from shares” refers to the shareholdings of a bank CEO divided by the
total number of shares issued. “Salary and others/total assets” is defined as the annual salary plus other cash compensation,
excluding cash bonuses, for 2006, divided by total assets at the end of 2006. “Exercisable options” and “Unexercisable options”
represent the ratios of the number of options to the total number of shares of common stock outstanding. Specifications (6)
and (7) include indicator functions as dependent variables. 1ponus>0 (1rs) is an indicator function that takes the value of 1 if
bank i’s bonus payment is strictly positive (or if bank ¢ is in the S&P 1500 group, as in the corresponding sample in|FS (2011)).
Columns (1) to (4) use a sample of SMBs, while Column (5) includes a sample of both SMBs and S&P 1500 banks. “Lagged
returns” refers to the stock returns in 2006. Control variables for bank characteristics include the price-to-book ratio, the
logarithm of market capitalization, and the Tier 1 capital ratio at the end of 2006. Standard errors are reported in parentheses.
Statistical significance at the 1%, 5%, and 10% level is indicated by ***  ** and *, respectively.
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Table A2: RETURNS DURING THE
INCENTIVE RATIOS FOR SMBS.

FINANCIAL CRISIS:

MARKET-BASED CASH BoNUS

(1) (2) 3)
ROA ROE Buy-and-Hold Returns
Bonus/market cap -7.088*** -80.10*** -136.4***
(-3.79) (-3.83) (-6.48)
1Bonus>0 0.00861***  0.0850*** 0.113***
(3.18) (2.91) (2.67)
Ownership from shares (6g) -0.00459 -0.198 -0.0558
(-0.19) (-0.74) (-0.17)
Unexercisable options (6p) -0.503** -5.788** -6.502***
(-2.42) (-2.28) (-2.83)
]lUncxcrcisablc option>0 -0.00203 -0.0143 -0.0573
(-0.90) (-0.57) (-1.56)
Salary and others/total assets -1.388 1.965 54.40
(-0.29) (0.05) (1.14)
Exercisable options 0.0148 0.177 -0.256
(0.36) (0.37) (-0.60)
SMB Sample Only Yes Yes Yes
Lagged Returns Yes Yes Yes
Control of Bank Characteristics Yes Yes Yes
Adjusted R-squared 0.108 0.108 0.161
Total Obs. 524 520 495

This table replicates the baseline specification in Tableand replacing the cash bonus incentive ratio (bonus-to-revenue)
with a market-based measure (bonus-to-market capitalization). All other specifications, variables, and controls remain the
same. Statistical significance is denoted by *, ** and *** for the 10%, 5%, and 1% levels, respectively. Standard errors are
reported in parentheses.
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A.3.2 Replicating and Extending |[F'S (2011)

This section replicates and extends |FS (2011)| for S&P 1500 banks. In particular, I run
regressions using the same dataset described in Section while keeping the specifications
and sample as close as possible to those in |[F'S (2011), The response variable is the buy-
and-hold return, a measure employed as the primary specification in [F'S (2011)l The key
differences between Section in my paper and [F'S (2011)| are as follows: (i) I use the
bonus-to-revenue ratio instead of the bonus-to-salary ratio, (ii) I employ the ownership ratio
in levels rather than its logarithmic transformation, incorporating not only shareholdings
but also exercisable and unexercisable options, (iii) I include small and medium-sized banks
(SMBs) in my sample instead of restricting the analysis to large financial institutions listed
in the S&P 1500, and (iv) I focus exclusively on commercial banks, whereas FS (2011)
encompasses a broader range of financial firms. I incorporate all four changes in Table[A4]

Here are the three main takeaways. First, the results in |FS (2011)| are replicable for
the book-to-market ratio, though statistical significance differs for other variables. Second,
excluding non-commercial banks increases statistical power. Third, the results for the SMB
sample align with Section but diverge from those in |F'S (2011), Column (1) in Panel A
of Tableclosely replicates Column (9) in Table 4 of [F'S (2011).* For ease of comparison,
Panel B copies the results from [F'S (2011)l The patterns are consistent; however, the model
fit is stronger for the sample of commercial banks listed in the S&P 1500, with an R? of
37%, compared to 23% in|FS (2011), In turn, Column (2) in Panel A estimates the model
using a sample of SMBs. The cash bonus-to-salary ratio is negatively associated with bank
performance and statistically significant.

20Due to data limitations, I exclude the explanatory variable “Equity risk (%)”—defined as the percentage
change in the equity portfolio value for a 1% increase in stock volatility—from the regression. Notably, this
variable was not statistically significant in|FS (2011)|
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Table A4: COMPARISON BETWEEN FULL SAMPLE AND LARGE BANK SAMPLE USING A
CLOSELY RELATED SPECIFICATION IN FAHLENBRACH AND STULZ (2011)).

Panel A: Sample from SEP Capital 10Q) Panel B: Sample from ExecuComp

(1) (2)
S&P 1500 SMBs FS (2011)

Cash bonus/salary 0.0474*** -0.178%** Cash bonus/salary (88;2)
(0.0106)  (0.0338) :
In(Ownership) 20.110%%*  -0.0403*** In(Ownership) ('ggg)
(0.0361)  (0.00908) :
Stock return in 2006 0487 -0.00180 Stock return in 2006 ('ggolf)
(0.331) (0.0921) :
Book-to-market ratio -1.239%** -0.139 Book-to-market ratio _(2(;5;10)
(0.243) (0.0986) :
In(market capitalization) — -0.140*** 0.0832*** In(Market capitalization) (_(()](g)gg)
(0.0266)  (0.0173) :
Tier 1 capital ratio (%)  0.00812  0.00884** Tier 1 capital ratio (%) (()603?8)
(0.00864)  (0.00365) :
Adjusted R-squared 0.351 0.145 ?;ig;llstce)}cti)SR—squared 0'7230
Total Obs. 55 494 .

The tables present regressions of buy-and-hold returns on compensation and control variables for two distinct samples. Column
(1) in Panel A (left-hand table) uses data from S&P Capital IQ, while Column (2) in Panel A and Panel B (right-hand table)
rely on ExecuComp. Column (2) in Panel A uses the close specification used in Table 4 of |F'S (2011)| found on page 19. Panel
B copies results from |[F'S (2011)l The sample size for S&P 1500 banks in Column (1) of Panel A is smaller than that of the
ExecuComp sample in Panel B, as Panel A excludes brokerage firms to control for industry differences. Independent variables:
“Cash bonus/salary” is defined as cash bonuses divided by salary. “In(Ownership)” is calculated as the natural logarithm of the
sum of shareholdings, exercisable options, and unexercisable options, divided by total shares outstanding. Standard errors are
reported in parentheses. p-values from t-tests indicated by asterisks. *, *x, and #x* denote statistical significance at the 0.1,
0.05, and 0.01 levels, respectively.
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A.4 Size Distribution of Banks

Figure Al: S1ZE DISTRIBUTION OF SMALL AND MEDIUM-SIZED AND S&P 1500 BANKs.
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This figure presents a histogram illustrating the size distribution of small and medium-sized banks and S&P 1500 banks. The
horizontal axis displays the logarithm of total assets as of 2006. The three vertical dotted lines mark thresholds at $1 billion, $10
billion, and $100 billion in total assets. According to the Federal Reserve, banks with assets below $10 billion are categorized
as community banks, those banks with assets between $10 billion and $100 billion as regional banks, and those banks exceeding
$100 billion as national banks. The $1 billion threshold highlights banks targeted for regulation under the Dodd-Frank Act.
The sample of S&P 1500 banks is based on the list of bank names provided in the appendix of |[F'S (2011)| The sample of small
and medium-sized banks is drawn from the list of banks in S&P Capital 1Q, excluding those banks included in the S&P 1500
index.
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A.5 Bank Executive Bonuses

Figure A2: SHARE OF CAsH BONUSES PAID OuT 1O THE CEO.
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The figure plots the fraction of CEOs who receive cash bonuses. The solid black line shows the share receiving any cash bonus
(discretionary-formulaic), whereas the dashed red line isolates CEOs paid only discretionary bonuses. “Formulaic” bonuses
correspond to non-equity incentive-plan compensation that is awarded under a pre-set performance formula. The SEC’s 2006
revision to executive-compensation disclosure rules, indicated by the vertical dashed line, required firms to report
discretionary and formulaic components separately; before 2006, firms disclosed formulaic bonuses voluntarily.

A.6 Bank Executive Turnover Rate from 2000 to 2018

This section describes the bank executive turnover rate in a sample from Capital 1Q. The
turnover rate is calculated as the ratio of the number of CEOs who resigned from their
positions to the total number of CEOs. CEO resignation is not directly observed in the
data, so I use the highest salary among bank executives as a proxy for identifying the CEO,
following the same approach in Section If a person’s salary becomes zero or their salary
ranking falls below the top two, I assume that the person has resigned from the CEO position.
Additionally, I compute the average turnover rate of the top five executives, for comparison.
The turnover rate for the top five executives is measured differently: if the salary of any one
of the top five executives becomes zero or is unavailable in a given year, it is recorded that
at least one executive left their position in the previous year.

Figure reports the turnover rates of CEOs and non-CEO executives. The average
turnover rate of CEOs from 2000 to 2018 is 0.096. This rate increases to 0.126 in the post-
2006 sample. Although the definition of leaving the position differs between the measures
of CEO and top-five executive turnover rates, the levels and dynamics are consistent across
the two metrics.
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Figure A3: Turnover Rates of Executives of CEOs and Non-CEOs.
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The turnover rate (solid line) is defined as the ratio of the number of CEOs who resigned from their positions to the total
number of CEOs. CEO resignation is not directly observed in S&P Capital IQ data. Instead, I use the highest salary among
bank executives as a proxy for identifying the CEO. Whenever the reported salary drops to zero or the salary ranking is no
longer the highest, I count this as the CEO having resigned. The turnover rate for the top five executives (dotted line) is
measured differently: if the salary of any one of the top five executives becomes zero or is unavailable in a given year, it is
recorded that at least one executive left their position in the previous year. This measure includes executives who leave the
bank as well as those whose salaries fall outside the top five earners. For non-top five earners, compensation, including salary,
is not required to be disclosed, so some banks report compensation for fewer than five executives. The turnover rate sample
ends in 2018, as the final year of the original sample does not provide sufficient information to determine whether executives
left their positions.

A.7 Banking Crises, Bankruptcies, and Failure Rates

This section presents the data used to calibrate the parameters of the dynamic model, fo-
cusing on banking crisis arrivals and systemic risk-taking. The primary data sources are
(i) Global Crises Data by Country collected by Reinhart, Rogoff, Trebesch, and Reinhart
(hereafter RRTR) and (ii) Failed Bank List compiled by FDIC. Global Crises Data covers
more than 70 countries from 1800 to 2016. In the US, the recent banking crisis is from
2007 to 2010. First, I use the Global Crises Data to calculate the frequency of banking
crises across countries, as the number of crisis events in the RRTR database is among the
largest. The probability of banking crises is 5.5% in the full sample, and the GFC does not
affect this estimate (Table . When the post-GFC period is excluded from the sample,
the probability decreases slightly to 4.9%, which is lower than the full-sample estimate.

Table A5: BANKING CRISES OF 70 COUNTRIES FROM 1800 TO 2016.

Periods of Banking Crisis/Total Periods

Post-GFC 0.206
Pre-GFC 0.0494
Full Sample 0.0552

The statistics reported in the table is calculated from Global Crises Data by Country collected by Reinhart, Rogoff, Trebesch,
and Reinhart.
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Next, I measure bank failures in periods of banking crises and normal periods in the U.S.,
respectively. Data source of bank failure and the number of banks is FDIC. The definition
of bank failure is the closing of a bank by a federal or state banking regulatory agency. A
bank is typically forced to close when it cannot meet its obligations to depositors and other
creditors. The bank failure rate in crisis (normal) periods is 168bps (15bps).

Figure A4: BANK FAILURE RATES IN THE U.S.
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The shaded areas represent US banking crises defined in Global Crises Data by Country collected by Reinhart, Rogoff, Trebesch,
and Reinhart. The red solid line is the number of US bank failure rate compiled by FDIC. The sample period is from 1934 to

2014.

Table [A5]|depicts the number of bankruptey filings from 2000 to 2019.

Figure A5: NUMBER OF BANKRUPTCY FILINGS BEFORE AND AFTER THE GLOBAL FI-
NANCIAL CRISIS.
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The figure shows the evolution of bankrupt financial firms from 2000 to 2019. No bankruptcies were reported between 2000 and
2004, or in 2019. The horizontal axis represents the total number of banks that filed for Chapter 11 or Chapter 7 bankruptcy
during this period, based on the voluntary petition filing date. The sample includes both S&P 1500 banks and small and

medium-sized banks (SMBs).
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A.8 Size-Dependent Bank Revenue and CEO Salary

This section estimates the size dependencies of bank revenue and CEO’s salary. Figure[A6]
plots the logarithm of revenue and bank CEQ’s salary comparing to total assets. Revenue
and salary are highly correlated with total assets.?!

Figure A6: BANK SIZE DEPENDENCY OF REVENUE AND SALARY SENSITIVITIES.
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Revenue, salary, and total assets are deflated using the Consumer Price Index (CPI). The sample period covers 2000 to 2019.
The dotted lines represent fitted trends, while the solid horizontal line on the right-hand side of the figure marks the log-level
equivalent of $1 million in 2006 U.S. dollars.

I estimate model parameters of «; and ar from fixed-effect panel model. Estimation
results are reported in Table The first (third) regressions show regression coefficients of
the logarithm of revenue (salary) on logarithm of total assets. The slope of logarithm of bank
revenue is around 0.8 and CEQ’s salary is around 0.3. This slope coefficient implies 1% of
increase in total assets predicts 0.8% (0.3%) increase in revenue (salary). The bank(CEO)-
level fixed-effects panel model explains 96% (73%) of the variation in the data, indicating a
strong positive relationship between revenue (salary) and bank size. I assess the robustness of
the results by incorporating year fixed effects, as reported in the second and fourth columns,
to account for time trends. The estimated coefficients remain consistent with the baseline
findings.

Table [AG| proves temporal “Roberts’s law” in banking holds for cash salary for banks.
|Gabaix and Landier| (]2008D document cross-sectional “Roberts’s law”™— CEO compensation

21The right-hand side of Figure shows mild bunching around the $1 million threshold. Some large
banks are subject to a $1 million cap on executive compensation due to tax incentives. A tax deduction for
compensation above $1 million was introduced in 1994 under Section 162(m) of the U.S. Tax Code
land Wolfram| (2000)) and remained in effect until its repeal in 2017. Consequently, CEOs had an incentive
to keep their salaries below the threshold to benefit from the tax deduction.
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is proportional to (own firm size)"—for executive compensation for non-financial firms. They
estimate x to be approximately 0.3 based on pooled regressions. However, temporal predic-
tion does not supported in non-financial firms. Therefore, the dynamic financing model of
non-financial firms abstracts from managers’ incentives derived from salaries under uncer-
tainty because concavity is not supported by within-firm variation in the data.

Table A6: FIXED-EFFECT PANEL AND POOLED REGRESSION MODELS OF REVENUE AND
SALARY.

In(Revenue) In(Revenue) In(Salary) In(Salary) In(Salary)

In(Total Assets) 0.835%** 0.890%** 0.285%** 0.3027%** 0.309%**
(101.30) (86.06) (53.55) (40.28) (40.54)
Year Fixed-Effects No Yes No Yes Yes
Salary<1 million USD (subsample) No No No No Yes
Number of Obs. 8475 8475 8567 8567 8273
R-squared 0.955 0.962 0.726 0.728 0.699

t statistics in parentheses
* p<0.1, ** p<0.05, *** p<0.01

All model includes bank(CEO)-level fixed-effects. Models in 2nd and 4th columns add year fixed-effects. Revenue, salary, and
total assets are deflated using the CPI. Revenue, salary, and total assets are winsorized at the 1% and 99% levels. The sample
period is from 2000 to 2019.

A.9 Estimating Dynamic Process of Latent Cash Bonus Incentive
Coefficient and Deposit Capacity

This section estimates persistence parameters of latent cash bonus incentive ratio and deposit
capacity. I write down VAR(1) process of latent cash bonus incentive ratio 5 and deposit
capacity d4. The stochastic process of exogenous state z = (fp,1Indy)" is

d

‘ . (1 — R@B)éB Rop 0 ‘ ‘
i = ( (1 — ligd) In Sd T 0 R§ Zit-1 + Eirt (20>

where €, is a vector of idiosyncratic shocks of bank i at time period ¢, assumed to follow a
bivariate normal distribution: e;, ~ AN (0, X) with variance-covariance matrix

2
_ Ogg 0
¥ < 0 )

The persistence parameters are estimated in this section outside the dynamic financing
model, while the volatility parameters oy, and o;, are estimated in Section Within the
dynamic financing model. To reduce the number of parameters, I impose that the diago-
nal components of ¥ are zero and that there is no correlation in idiosyncratic shocks ¢; ;.
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Given the stochastic process in Eq. , the standard deviation of the latent cash bonus
incentive ratio (deposit capacity) is oy, /v/1 — ke, (0s,/+1/1 — Ks,). The long-run state is
Z = (0p,Indy). The model allows latent cash bonus incentive ratio to take both positive and
negative values. When cash bonus incentive ratio is negative, bank CEQOs receive no bonus
payments regardless of revenue size, which may often be related to an anti-bonus culture.

The estimated persistence parameters kg, and ks, are reported in Table Panel
A uses the S&P Capital 1Q sample from 2000 to 2019. I exclude observations with zero
bonuses from the sample in Column (1). This sample selection enables me to estimate
the model without censoring in Eq. 1j The persistence parameter ky, is 0.83 from the
Arellano-Bond (AB) estimator with fixed effects. Since the sample selection is non-random,
the estimated coefficient in Column (1) may be biased. To address this concern, I apply a
maximum likelihood estimator using a random-effects Tobit model, with the results presented
in Column (2). The Tobit model treats cash bonus incentive ratio, 0z, as a latent variable
that is left-censored at zero, such that the observed value is max{fp,0}. The persistence
parameter for cash bonus incentive ratio xg, is 0.88, which is 5 percentage points higher than
the estimate from the AB estimator. I conclude that cash bonus incentive ratio is highly
persistent and that sample selection bias is negligible. In turn, the persistence parameter for
deposit capacity, ks,, is estimated at 0.90 reported in Column (3) using the AB estimator.

The persistence parameter estimates for deposit capacity, xs,, remain consistent across
different sample lengths and bank coverage. Panel B uses the Call Reports sample from
1976 to 2020, which covers a broader set of individual banks while excluding BHCs, to assess
the robustness of the estimates. This sample allows for a comparison with the S&P 1500
sample, which includes both BHCs and standalone banks. The estimated parameter s,
ranges from 0.83 to 0.86. In Panel B, Column (1) reports estimates using the AB difference-
Generalized Method of Moments (GMM) estimator for the post-1994 sample. Column (2)
extends the sample period from 1976 to 2020. Starting the sample in 1976—approximately
doubling the sample period compared to the regression in Column (1) of Panel B in I
find that the persistence parameter decreases when earlier periods are included. This decline
in persistency is caused by including samples pre-Riegle-Neal Act of 1994, when the banking
system was more dispersed and competitive. Still the choice of sample banks and periods
does not significantly alter the estimate of ks,, I choose the specification in Panel A, the
third column as my baseline case for exogenous deposit capacity process.
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Table A7: DyNAMIC PANEL MODEL OF CASH BONUS INCENTIVE COEFFICIENT AND
DEPOSITS WITH FIXED AND RANDOM EFFECTS.

Panel A: A Sample of SE4P Capital 1Q from 2000 to 2019

(1) (2) 3)
Bonus-to-Revenue  Bonus-to-Revenue  In(Deposit)
Lagged Bonus-to-Revenue 0.635%** 0.775%%*
(8.43) (63.95)
Lagged In(Deposit) 0.895%**
(74.18)

N 5106 7860 7829
Arellano-Bond with Fixed Effects Yes No Yes
Tobit with Random Effects No Yes No

t statistics in parentheses
* p<0.1, ** p<0.05, *** p<0.01

Panel B: A Sample of Call Reports from 1976 to 2020

(1) (2)
In(Deposit) In(Deposit)
Lagged In(Deposit) 0.861*** 0.827#%*
(168.64) (182.26)
N 194560 426132
Arellano-Bond with Fixed Effects Yes Yes
Post 1994 Yes No

t statistics in parentheses
* p<0.1, ** p<0.05, *** p<0.01

The tables in Panels A and B present estimated coefficients using two different estimators. The Arellano-Bond estimator with
fixed effects is employed in Panel A (Columns (1) and (3)) and Panel B (Columns (1) and (2)). The maximum likelihood
estimator of a Tobit model with random effects is used in Panel A (Column (2)) for robustness. For the Arellano-Bond
estimator the instruments are second-order or higher lagged variables of the logarithm of deposits, and I employ a difference-
GMM estimation. All variables are winsorized at the 1st and 99th percentiles and deflated using the Consumer Price Index
(CPI). Panel A reports dynamic panel regressions of cash bonus incentive ratio and deposit logarithms using S&P Capital I1Q
data from 2000 to 2019. The regression in the first column of Panel A excludes observations where cash bonus incentive ratio
equals zero. In Panel B, the data source of bank financials is the Call Reports, with the dependent variable being the logarithm
of deposits. The sample for Columns (1) begins after the Riegle-Neal Act of 1994 and ends in 2020.

A.10 Present Value of Pension Benefits

Table presents summary statistics on the present value of bank CEOs’ pension benefits
from 2006 to 2019. The sample of banks reporting pension benefits is approximately 38%
of those reporting salary data (Table . Given this limitation and the lack of meaningful
cross-sectional variation, I exclude the pension benefit variable from the reduced-form anal-
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ysis. However, I include pension benefits in the dynamic model to properly account for the
magnitude of short-termism. On average, the present value of pension benefits is five times
the CEQ’s salary.

Table A8: PRESENT VALUE OF PENSION BENEFITS.

Number Mean Median Std. Dev.

PV of Pension Benefits to Salary Ratio 2,022 4.938 2.836 6.347
Frac. of Non-missing Pension Benefits 5,360 0.377  0.000 0.485

The table presents summary statistics for the present value of the pension benefit-to-salary ratio for bank CEOs from 2006
to 2019. The data are sourced from S&P Capital 1Q, specifically by web-scraping the reporting row labeled “Present Value
of Accumulated Benefits.” The reporting of the present value of the pension benefit begins in 2006, following the Securities
and Exchange Commission’s (SEC) adoption of enhanced disclosure rules on July 26, 2006, which mandated detailed reporting
of executive compensation. The actuarial present value of each named executive officer’s accumulated pension benefits is
calculated in accordance with generally accepted accounting principles. The fraction of non-missing pension benefit-to-salary
values represents the ratio of observations with non-missing pension benefit values to those with salary values. While all bank
CEOs report salary data, only a subset are required to disclose pension benefit information under SEC regulations.

A.11 Model Details
A.11.1 Representative Household Problem
This section outlines the representative household’s problem to derive the pricing equation

for bank equity. The representative household “owns” banks and maximizes its lifetime
utility:

{Crmii}s,

max [Eg Zﬁtu(Ct) )
=0

subject to

Cy + /di,t+1dri,t + /(Ui,t — D;1)xip1dl;,
:/(1 +7ad)71dz’,tdri,t +/A(pi,t)vi,txi,tdri7t
+/(1 — A(piy)) (—e+v;4) 54dlsy,

where u(+) is the utility function, C; is consumption, S is the discount factor, d;, represents
deposits, v;; is the cum-dividend share price, D;; denotes equity payouts, x;, is the size of
shareholdings, A(p; ) is the survival rate, e is the newly chartered bank equity, and 74 is the
deposit rates. In the simulation, e is set to the lower bound of the equity grid points: e™®.
The term [ () dl;; represents the population mean, normalized such that [ (-)dl;; = 1,
where I';; = T'(z;4,e;4) denotes the bank distribution. This bank distribution follows a
process described in Appendix Section [A.11.3| given the equilibrium policy functions of
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bank. Here, v, serves as a shorthand for v(z;;, e;¢) and v, ; = v(2;,, e) represents the share
price of entrants starting from the minimum capital e. Although the household owns banks,
its control over bank decision-making is limited. In particular, the compensation structure
and turnover are both suboptimal.

The equilibrium is the household maximizes utility by choosing the sequence of con-
sumption and shareholdings. Deposit in- and out-flows are exogenous. The market clearing
condition of shareholding is z;; = 1, given a fixed supply of shares. The first-order condition
(FOC) with respect to shareholding x;:

(vi,t - Di,t>U/(Ct) = A(pi,t)Et [ﬁu/(CtH)Ui,tH]
+ (1= Apig) By [Bu'(Cryr) (e + vigs1(2ing1,€))] -

[ assume the household’s utility is linear (e.g., risk-neutrality), the stochastic discount factor
simplifies to the discount factor . It follows that the discounted value of equity payouts
equals the share price observed in the market. The absence of aggregate uncertainty implies
stationary consumption C; = Cy.1. Then, the FOC leads to the price of shareholding in

Equation .

A.11.2 Computational Algorithm

The dynamic model is solved exclusively through numerical methods. Algorithm to solve
fixed point problem: start from guessing stock value v,

1. Given stock value v, solve the manager’s problem and update the policy functions ®.

2. Update stock value v by iterating on the shareholder’s problem. Repeat step 1 until
convergence.

The dynamic model is solved when the stock value and the manager’s policy function con-
verge. The exogenous states follow a VAR(1) of latent cash bonus incentive ratio 3 and
deposit capacity d4, as described in Section I discretize the continuous-state Markov
chains using the Tauchen method. The number of grid points for 5 and §4 is 12 and 16,
respectively.

To enhance computational efficiency, I rewrite the control variable S of the manager’s
optimization problem in Equation to success rate p. Redefining the control variable
reduces the number of grid points needed for the simulation while maintaining the precision
of the value function iteration. I set the number of grid points for success rate p to 50. I
discretize the state space of equity e into 40 piecewise log-linear grid points. The minimum of
e on the grid is derived from the minimum value of deposit capacity in the model. Suppose
the minimum value of deposit capacity is 67™; the minimum value of equity is e™" =
{x/ (1 —x)}omin. e™in represents the minimum level of equity required to prevent the capital

constraint from binding when the bank faces the lowest deposit capacity. The upper bound
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of equity depends on model parameters. 1 choose e™** = 0.40 as most banks choose equity
below this upper bound.

The minimum capitalization of entrants is set to 0.0275, or e = 0.0275.?? This value of e
is not an exact match to the typical size of entrants but is of the same order of magnitude.
The fact that entrants are small is consistent with this calibration. |Adams and Gramlich
(2014) finds that the average asset (deposit) size of new banks is $34 million ($23 million).
This implies an average equity of $11 million. As discussed in Section [4.2] e corresponds to
$33 million US dollars, calculated as $1.2 billion US dollars x 0.0275, three times as big as
the average equity observed in the data.

To accelerate the speed of value function iteration, the McQueen-Porteus error bounds
have an advantage over the standard approach. I estimate the model using a desktop com-
puter with a General-Purpose Graphics Processing Unit (GPGPU) of Nvidia RTX 3090.
The value function iteration, one of the most computationally intensive calculations, is im-
plemented in C/C++ using OpenACC, a simple API for multi-threaded GPGPU computing.

A.11.3 Stationary Bank Distribution

Industry-wide statistics in the simulation are computed by summing over the density of het-
erogeneous banks. This section explains the computation of the stationary bank distribution.
The bank distribution evolves as follows:

', e) = /ﬂe/qae(z,e) (1= A(p(S = Pg(2,e)))) g--dL'(z, €)

/

VvV
incumbent banks

+ / Lo_ A(p(S = Bs(2,€)))gar-dD (2, €),

N J/

newly established banks

®g and P, are the equilibrium policy functions of risk-taking S and the next-period equity
€/, obtained by solving the fixed-point problem in Appendix Section|A.11.2

A.11.4 Simulated Method of Moments Estimator

In the Simulated Method of Moments (SMM) estimator, the estimated parameters O is
obtained by minimizing the cost function:

0 = argngngN(m,@)'WNgN(x,@). (21)

Here O represents a vector of model parameters. The cost function measures the discrepancy
between the observed and simulated data. This discrepancy, gy (z, ©), is defined as:

min __

22Given the number of grid points for §g4, the minimum size of equity in the discretized model is e
0.0275. Thus, minimum equity size is equal to the minimum capitalization of entrants (i.e., e™™ =e).
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where z is a vector of real-data and y,, s is a amulated—data depends on model parameters
©. Here, the moment from real-data x,,; is:

N T

(NT)™ DN " h(aa,).

n=1 t=1

And the moment from simulate-data y,, ;s is:

N T S
(NTS)' YD > h(yis(©

n=1 t=1 s=1

where N, T, and S represents the number of cross-sectional units, time periods, and sim-
ulations. The weight matrix Wy is a positive definite matrix that coverages in probability
to a deterministic definite matrix W. The inverse of the weight matrix Wy is estimated
as the sample variance-covariance matrix of the real-data moments. The calculation follows
the influence-function approach proposed by |Erickson and Whited| (2000). The asymptotic

distribution of SMM estimator is VN (é) O) 4N (0,avar(©)) where the asymptotic
variance is: avar(©) = (1+ 1) (JWJ)™'. Here, J = %‘J—g is the Jacobian matrix of gy (0©).
The Richardson extrapolation is a numerlcal method used to approximate the first-order

derivative, which has lower numerical errors compared to Newton’s method.

A.11.5 Policy Designs of Compensation Regulations

This section provides an overview of two key policies analyzed as counterfactual scenarios
using the dynamic model in Section 4} the Dodd-Frank Proposal and the EU Bonus Cap.

Dodd-Frank Act of Section 956. In 2024, four federal regulators—the Federal Deposit
Insurance Corporation (FDIC), Office of the Comptroller of the Currency (OCC), Federal
Housing Finance Agency (FHFA), and National Credit Union Administration (NCUA)—
jointly proposed new regulations on incentive-based compensation in response to the finan-
cial crisis. Notably, the Federal Reserve Board (FRB) and the Securities and Exchange
Commission (SEC) did not participate in the proposal. The regulations apply to financial
firms with total assets of $1 billion or more, categorizing them into three levels:

e Level 1: Firms with total consolidated assets of $250 billion or more.
e Level 2: Firms with total consolidated assets between $50 billion and $250 billion.

e Level 3: Firms with total consolidated assets between $1 billion and $50 billion.
Level 1 and Level 2 institutions must adhere to specific incentive compensation requirements

for senior executive officers (e.g., the president, CEO, and chief operating officer) and sig-
nificant risk-takers (top-paid non-senior employees). The proposal mandates that financial
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firms defer at least 50% of executive bonuses for four years, exceeding the industry average
of three years. It also introduces a minimum clawback period of seven years, allowing firms
to recover bonuses if an executive’s actions are found to have harmed the institution or if
financial results require restatement. However, as of 2025, progress on finalizing the rule
remains stalled due to regulatory disagreements over CEO pay restrictions.

EU Bonus Cap. Since January 2014, this cap has applied to all banks in the European
Union (EU) following its adoption under the Capital Requirements Directive IV (CRD IV).
The regulation targets senior managers and material risk-takers, excluding internal supervi-
sors. Under this rule, bonuses are capped at 100% of fixed compensation (i.e., salary), though
explicit shareholder approval can raise the limit to 200%. The cap applies to all banks op-
erating within the EU, regardless of their size or whether they are headquartered inside
or outside the EU. The regulation also mandates bonus deferral requirements. Typically,
at least 40% of bonuses must be deferred, and for particularly large bonuses, at least 60%
must be deferred. The deferral period generally spans three to five years, during which the
deferred portion remains subject to performance-based adjustments. This structure ensures
that bonuses are fully paid out only if the bank maintains strong long-term performance.
The EU Bonus Cap was influenced by the Financial Stability Board’s (FSB) Principles for
Sound Compensation Practices, published in September 2009. These principles shaped the
Capital Requirements Directive III (CRD III), published in July 2010, which led to national
regulations such as Germany’s Institutsvergiitungsverordnung and the UK’s Remuneration
Code. The stricter EU-wide framework under CRD IV became binding in January 2014.
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