Convexity and Short-termism in Banker
Compensation

Two distinct mechanisms allow bank executives to personally profit from taking
excessive risks: short-termism and convexity. While short-termism stems from time-
horizon differences between bank management and shareholders, convexity results from
manager-shareholder alignment because bank stock is a highly leveraged optionlike bet on
the bank’s assets. Current U.S. policy initiatives intended to reduce risk taking do address
short-termism but do not address convexity. | show how increased deferral periods,
clawbacks, and penalties against bankers may backfire and increase the incentive to take
risk if banks respond by granting even more of the convex stock units to management.
Measures that would significantly reduce convexity-driven risk taking include replacing a
portion of equity pay with concave instruments such as deferred forfeitable cash or
contingent convertibles bonds, or increasing bank capital requirements.



l. Introduction

Risk management at banks depends ultimately on senior leadership. Banking crises
such as the global financial crisis or the 2023 regional banking crisis focus well-deserved
scrutiny on the managers whose decisions resulted in catastrophic costs to investors,
creditors, the government, and the financial system." A significant body of literature
recognizes that the incentives present in executive compensation contracts reward
bankers for taking oversized risks.? Many proposals purport to curb risk-taking by altering
those incentives, usually through imposing greater costs on bankers using regulatory
penalties or compensation clawbacks, or through longer deferral periods on stock or other
pay.2 The proponents of those initiatives focus on short-termism or myopia, which arises
when the bankers can profit from short-term payoffs from taking risks with disastrous long-
term results.* Time-horizon issues are one important source of destructive risk taking at
banks.

However, such proposals do not meaningfully address the other key mechanism
driving bankers’ excessive risk appetites. The core problem with executive risk appetites in
banking lies in the convex shape of the payoffs built into equity-linked compensation.
Targeting time-horizon issues does not directly address this problem; nor does reducing
management-shareholder conflicts. Convexity is not a typical corporate governance
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problem: it does not result from conflict between management and shareholders, but
instead from management-shareholder alignment at highly leveraged institutions.®

This paper addresses the incentives for excessive risk-taking at banks using option
pricing theory. It analyzes the likely effect of recently proposed policy reforms on risk-taking
incentives for bank management. Policy measures that are aimed only at solving time-
horizon problems (short-termism) can backfire by increasing the convexity-driven aspect of
excessive risk. While existing literature notes that rules regulating compensation can fail or
backfire, this paper is the first to demonstrate a trade-off between addressing short-
termism and convexity and to show how, because of convexity, popularly proposed
measures such as deferral and clawbacks of executive pay can exacerbate risk-taking
incentives rather than reduce them. Unfortunately, U.S. Federal regulators tasked with
regulating banker compensation packages are excessively focused on short-termism to the
detriment of addressing the convexity problem.

Since banks are highly leveraged, bank stock is like a near-the-money call option on
the bank’s assets.® A call option’s possible payoffs are characterized by limited downside
but potentially unlimited upside, a convex shape that rewards risk-taking because risks
that materialize badly are borne by others, while the full reward is reaped when risks pay off
well. Banker compensation in the form of equity grants therefore motivates the bankers to
increase their risk-taking, as they reap the upside but are shielded from the downside of
these risks. Critically, this problem is distinct from time-horizon differences between
management and stockholders and does not reflect typical governance concerns. Aligning
management with the shareholders is typically the goal of good corporate governance.
However, in the case of banks, management and shareholders are both rewarded by risk-
taking that is harmful to the bank and society as a whole.

| use the measure of the sensitivity of an option’s value to changes in volatility,
commonly known as vega, to analyze risk-taking incentives in banker compensation.”’
Convex instruments, like stock in a highly leveraged bank, have positive vega, which
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incentivizes risk-taking even when the expected value of the risky choice is negative.®
Negative vega creates an incentive to reduce risk. Addressing proposals to fix incentives
through lengthened deferral periods for stock, | show that these proposals increase vega.
Addressing existing proposals to fix managerial incentives through fines or regulatory
penalties, | show that increased fines have an ambiguous effect on vega and can materially
reduce vega only if the size of the fine is extremely large.

Both deferral provisions and fines or clawbacks can increase vega because
compensation arrangements respond to the regulatory environment and can be adjusted
to compensate for imposed constraints.® If the bank compensates the executive for the
disutility of long deferral periods or the risk of a penalty by increasing the quantity of stock-
based pay, then the net effect is increased vega. The mainstream proposals for fixing
banker incentives fail to truly reduce risk appetites and can increase them instead. These
effects can be seen in the changes in compensation practices by banks in the United
Kingdom during regulatory changes from 2014 to 2016. These banks responded to
compensation regulation in a way that preserved and increased convex incentive
structures.

The finding that certain well-intentioned interventions can perversely increase risk
appetites in banking is important. Policymakers may impose these interventions believing
that, along with purported benefits, there is at the very least little risk of harm in doing so.
Legal initiatives recently being advanced in the United States include the RECOUP Act (a
proposed bill that would impose larger clawbacks and other governance provisions) and
recently proposed rules by federal financial agencies to regulate senior compensation at
banks. '° The proposed rules aim to enact measures that are intended to reduce risk taking
and do address short-termism concerns. However, these measures could perversely
increase risk-taking incentives. Policymakers should more fully consider the convexity
problem before putting these measures into law based on short-termism concerns alone.

Highly convex payoffs create a powerful incentive to increase risk that is not solved
by current policy proposals. Further, convexity increases as a bank approaches
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RECOUP Act’s provisions); Off. of the Comptroller of the Currency, News Release NR-IA-2024-47A (2024),
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insolvency.'" As a bank approaches the zone of possible failure, its already convex
incentive structures become ever more risk-loving. Proposals that do not address convexity
are therefore the least effective in precisely those cases where reducing risk matters most.

What, then, can reduce risk-taking incentives in the banking industry? Using the
same option-theory approach, | show that two types of reform can materially reduce vega.
Firstly and consistent with other literature, vega decreases (and can be driven to or even
below zero) by replacing a substantial portion of convex, equity-based pay with concave
instruments.’? Instruments with concave payoffs include contingent convertible bonds,
deferred forfeitable cash, and other forms of inside debt.'® Second, vega decreases when
capital requirements are raised.’ As more of a bank’s assets are funded by equity rather
than debt, the implied option in bank stock goes deeper in-the-money, and vega is
significantly reduced. A genuine effort to reform banker incentives can succeed if it
incorporates one or both of these approaches.

Unfortunately, the most prominent existing law and policy initiatives in the field of
banker compensation currently do not address the problem of highly convex payoffs. While
the RECOUP Act and the proposed federal agency rules as currently constituted may have
some effect on risk-taking incentives by addressing short-termism, they do not solve the
convexity problem, so the primary driver of banks’ risk appetite will remain. To meaningfully
reduce risk-taking, incentive-based approaches need to address convexity directly.

Il. Economic and Legal Background

Deposit insurance, leverage, and moral hazard

Banking scholars often declare that banks are economically “special”.’® Banks’
specialness derives from several ways in which they stand out from other types of
corporation, including the high leverage on their balance sheet, maturity mismatches
between assets and liabilities, the complex rules and close oversight of government
regulation, and the indispensable functions served by banks in the financial system.®
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These special aspects of banks also create heightened opportunities for risk-shifting
behavior by bank management."’

The business of banking involves financial intermediation functions that are critical
to the financial system, but are sources of fragility to the bank itself. One such source of
fragility is the maturity mismatch between a bank’s assets and liabilities.'® Banks receive
much of their funding through very short-term liabilities such as demand deposits and
short-term borrowing. They then make long-term loans, holding only a tiny fraction of their
total liabilities in ready liquidity at any moment. If too many depositors demand to
withdraw their funds simultaneously, the bank can fail.’ Deposit insurance reduces the
risk of bank runs by protecting depositors in case the bank fails, removing the incentive to
withdraw before funds run out.?° Of course, this shifts risk from the bank’s providers of
capital to the government, as the Federal Deposit Insurance Corporation (FDIC) is on the
hook to make depositors whole when a bank fails. In response, prudential regulation and
supervision attempt to ensure that the bank is financially sound, has strong sources of
funding, and has sufficient liquidity for a sudden increase in withdrawals.?' While insured
depositors no longer need to carefully monitor the safety and soundness of their bank
(since they are protected in any event), government regulators monitor carefully since they
bear much of the cost of failure.?? Moral hazard arises because the government ultimately
bears the downside of risks that are being taken by management.

In addition to deposit insurance, the capital structure typical in banking provides the
basis for risk-shifting. Banks are extremely leveraged, with equity capital sometimes
accounting for as little as three percent of a bank’s total asset value and debt liabilities
(including deposits and other types of borrowed funds) accounting for the rest.® Ordinary
industrial firms usually only appear so highly leveraged when they are near bankruptcy, but
extreme leverage is considered normal in banking.

Leveraged equity investors (that is, stockholders in the bank) receive the full benefit
of increases in the bank’s value but are only partially exposed to losses, since once the thin
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layer of equity is wiped out, the rest of the losses are borne by the bank’s creditors.?* This
makes shareholders more risk-loving compared to creditors; they fully profit if risks turn out
well, but if risks go badly, the downside impact is borne by creditors instead.?® The more
highly leveraged a bank is, the more incentive equity holders have to take risks, because
more of the downside risk is borne by others. This creates a convex profile of potential
payoffs. The more convex the payoffs, the more risk-loving bank stock is.?®

As a simple numerical example, suppose a bank with $10 billion in assets and $1
billion in equity is considering a new strategic direction (for example, an aggressive merger-
driven growth strategy or pivoting to a cryptocurrency focus). Suppose that with 50%
probability, the strategy succeeds and adds $3 billion in value; however, there is a 50%
probability of failure, in which case the bank loses $4 billion in value. From society’s
perspective, the strategy has an expected value of negative $0.5 billion, and should not be
pursued. However, from shareholders’ perspective alone, the strategy is beneficial: it adds
$3 billion to their claim if successful, but they can lose only $1 billion if it fails. The other $3
billion of potential losses is borne by creditors, or by the government. The expected value
from shareholders’ perspective is therefore a positive $1 billion, and if management is
aligned with shareholders, they will pursue the strategy. It is the leveraged, convex shape of
shareholder payoffs that generate this result, rather than time-horizon problems (i.e.,
shareholders prefer to take this risk even if they are perfectly oriented to the long term).
This differentiates convexity-driven risk from short-termism, which takes place when a
strategy appears to pay off well in the short term but poses greater downside risk in the
long term.?’

If the bank in this example pursues the risky strategy, its share price will shoot
upward immediately. Before the risk is realized either positively or negatively, the expected
value of the equity will increase from $1 billion to $2 billion. Investors will buy shares at that
price even with complete information about the strategy.?® When the final outcome is
realized, the share price will either increase again, or crash down to zero. Such is the price
behavior observed before and during the U.S. regional banking crisis in early 2023. That
crisis featured four banks (Silicon Valley Bank (SVB), Signature Bank, First Republic, and
Silvergate), all of which experienced stellar share price performance in 2021. However, all
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four suffered in 2022, and collapsed entirely the following year.?° Convexity, rather than
short-termism, was likely the mechanism behind these events.*° Critically, this does not
occur because of agency problems. The shareholders are ex ante supportive of the highly
risky strategy.

Extreme leverage creates instability in the banking system while also creating
incentives that exacerbate this instability. This is because shareholders (who elect the
board of directors and in whose interest a well-governed board oversees the bank) can
push for risk-taking that is above socially optimal levels.®! Like government guarantees, a
highly leveraged capital structure creates moral hazard through risk-shifting incentives,
because decisionmakers can take risks without being exposed to the possible downside of
those risks. As a consequence, “good” corporate governance (that is, governance that
effectively alighs managerial incentives with the shareholders) is socially problematic in
the banking industry.®? Management and shareholders alike can benefit from negative-
expected-value strategies that increase the riskiness of the bank.*?

That risk-taking imposes the potential downside as an externality on the bank’s
creditors. However, the creditors are not motivated to monitor those risks and insist on
safer practices because the creditors have explicit government guarantees (such as
deposit insurance) or implicit guarantees (such as too-big-to-fail status).® If creditors were
not shielded from losses, they might force the bankers to be more disciplined by insisting
on a higher return on borrowed capital or refusing to lend (or deposit) with a bank that took
too many risks. But government guarantees for the creditors create moral hazard by
allowing management to engage in risk-shifting behavior without a countervailing
disciplinary market force.

® See, e.g., https://www.federalreserve.gov/publications/2023-April-SVB-Evolution-of-Silicon-Valley-
Bank.htm (Federal Reserve analysis of SVB’s high growth and stock market performance in 2021 before
unraveling). SVB Financial Group’s stock price more than doubled in 2021, consistent with risk-taking that
benefitted shareholders in expectation, before uncertain outcomes resolved.
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Short-termism versus convexity

Short-termism is a separate phenomenon from convexity, but like convexity it
involves moral hazard and results in excessive risk. Short-termism arises when an
investment strategy has positive expected value over a short time frame, but because of
large long-term risks, it has a negative expected value overall. Senior managers may be
able to exploit this by reaping the short-term benefits without being exposed to the long-
term consequences. For example, if large cash bonuses are awarded for meeting annual
targets, a manager may meet the targets by taking such time-inconsistent risks and receive
the cash, while shareholders take the downside when the negative outcomes are realized
later. If shareholders are uninformed about the true long-term nature of the risk, the stock
price may increase, and managers (who have better information about the long-term risks)
will sell at the elevated price, which rewards the short-term outcomes while eliminating
exposure to the long-term outcomes. If managers are operating on a shorter time horizon
than the long-term shareholders, they will also be less motivated to identify the likelihoods
of different long-term results.?3®

In all these cases, short-termism is a source of agency costs; it is a conflict of
interest between what is best for management and what is best for shareholders. Much of
the law of corporate governance centers around mitigating agency costs and empowering
shareholders to enforce management-shareholder alignment. Bank shareholders, then,
have a strong incentive to address short-termism issues within their bank. If the risks taken
because of short-termism are large enough, the downside will also fall on the government,
so regulators also pay attention to short-termism. Indeed, current policy initiatives aimed
at reducing risk-taking incentives at banks are entirely designed to address the problem of
short-term incentives.*® Paradigmatically, this is done by requiring bankers to be
compensated with stock that is deferred for a long period of time and clawbacks that
recoup the bankers’ compensation if she has collected it before negative results were
realized.®’

However, the policy focus on short-termism, rather than convexity, may be
misplaced. When things go wrong in the banking sector, academics and policymakers who
study executive incentives are quick to blame short-termism while neglecting the potential
role of the convexity of highly leveraged bank equity. For example, short-term incentives
(and consequent misalignment with long-term shareholder value) figure prominently in the
immediate regulatory response to the 2023 banking crisis. Senate Banking Committee

3% These mechanisms, along with numerical demonstrations, are explained more thoroughly in Bhagat,
Bolton, & Romano, supra note 2.

3¢ See infra Subsection Il.c.

%7 Bhagat, Bolton, & Romano, supra note .



member Elizabeth Warren wrote that SVB’s “business model was great for short-term
profits... but we now know its cost.”%® The Federal Reserve Board’s analysis of the SVB’s
failure, in the section analyzing incentive compensation, likewise concludes that “The
incentive compensation arrangements and practices at SVBFG encouraged excessive risk-
taking to maximize short-term financial metrics” and “did not adequately reflect longer-
term performance.”® The Basel Committee on Banking Supervision likewise emphasized
that “compensation packages of senior management through 2022 were tied to short-term
earnings and equity returns” and that “an excessive focus on growth and short-term
profitability” was “fueled by remuneration policies”.*° Some academics repeated calls for
longer-duration incentives through long deferral periods and clawbacks.*' But the 2023
bank failures were likely generated by shareholder-friendly, convexity-driven risk-taking
rather than time-horizon inconsistencies between management and shareholders.** The
failed banks’ executives had significantly long-term-oriented incentives* and stock market
behavior seen before the crisis evince a convexity story, in which bankers took huge
strategic gambles, knowing that the result was either a massive upside to be reaped by
executives and shareholders alike, or a massive downside that would fall on the
government.

In these cases, bank leadership chose a risky business model—such as massive
growth in concentrated uninsured deposit bases from venture capital and tech companies
in the case of SVB, or concentration on the crypto industry, as in the case of Signature
Bank.** Each bank’s stock price rocketed upward while shareholders knew these risks were

38 Elizabeth Warren, Elizabeth Warren: Silicon Valley Bank Is Gone. We Know Who Is Responsible. New York
Times, March 13, 2023.
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Oct. 2023), https://www.bis.org/bcbs/publ/d555.pdf.
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L. Sch. F. on Corp. Governance (Jan. 31, 2024), https://corpgov.law.harvard.edu/2024/01/31/silicon-valley-
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being taken. The banks’ failure to hedge interest rate risk would have paid off well for
executives and shareholders if interest rates had not continued to climb. The gamble may
have paid off handsomely for shareholders in a different course of events, and the eventual
crash inflicted downside on the creditors.*

In sum, short-termism and convexity are both major sources of risk-taking
incentives in banking. Short-termism is an agency conflict between management and
shareholders stemming from differences in time horizons. Convexity results from manager-
shareholder alignment where shareholders have an optionlike payoff structure due to
leverage. Of course, short-termism and convexity can take effect concurrently. Shareholder
governance should naturally try to address short-termism, but addressing convexity likely
requires regulatory intervention, since shareholders approve of it and creditors will not
adequately monitor against it because of government guarantees like deposit insurance.

Current law and policy initiatives

The Spring 2023 banking crisis re-ignited policy fervor to address incentives
in the banking industry. Manifestations of this include the RECOUP Act, which passed the
Senate Banking Committee in June 2023 on a bipartisan vote, promising clawbacks of up to
two years of compensation for executives responsible for a bank failure, along with removal
powers and other governance provisions.*® Another manifestation of the growing will to
reform banking incentives includes the Notice of Proposed Rule Making (NPRM) issued
jointly in May 2024 by five federal financial regulators (the Department of the Treasury, the
Federal Deposit Insurance Corporation, the Office of the Comptroller of the Currency, the
Federal Housing Finance Agency, and the National Credit Union Administration).*” The
NPRM, which gains the force of law if adopted as a final rule, prescribes long deferral
periods for incentive pay, far-reaching clawbacks, and forfeiture provisions for incentive
pay granted before poor bank performance.*®

The FDIC has had authority to bring lawsuits against former directors and officers of
failed banks since the Financial Institutions Reform, Recovery, and Enforcement Act
(FIRREA) was enacted in response to the Savings & Loan crisis of the 1980s. In addition to
fraud enforcement powers granted to the Department of Justice, FIRREA authorized the
FDIC to bring lawsuits against directors and officers of banks that had failed and been

4 Erica Jiang et al., Limited Hedging and Gambling for Resurrection by U.S. Banks During the 2022 Monetary
Tightening (2023), https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4410201.
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visited July 17, 2025).
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taken into FDIC receivership.*® Since the beginning of the global financial crisis, hundreds
of such cases have been brought against former officers and directors of failed banks,
resulting in over $1 billion in fines.% Over one-third of U.S. bank failures since 2007 have
resulted in such penalties.

Legal authority to directly regulate banker compensation exists under the 2010
Dodd-Frank Act.®" Section 954 of Dodd-Frank, for instance, required the SEC to makes
rules ensuring that publicly listed companies have clawback policies in place to recover
previous compensation that was awarded due to an accounting misstatement.® Section
954 was not fully implemented for over a decade after Dodd-Frank came into law, with
clawback standards taking effect in December 2023.%2 Since this provision of Dodd-Frank
addresses only erroneously awarded pay and accounting errors, these clawbacks provide
incentives for good accounting but do not significantly weigh on overall risk management
strategy.

Section 956 of the Dodd-Frank Act also instructed the federal financial regulators to
issue rules governing executive compensation in order to curb inappropriate risks.®*
However, despite thrice proposing rules under that authority, the agencies have never
finalized any rules implementing this provision. Specifically, the May 2024 NPRM proposes
to promulgate rules under this statutory authority, and is essentially a re-proposal of rules
based on a 2016 NPRM.%® Section 965 requires six agencies to jointly prescribe rules: the
Federal Deposit Insurance Corporation (FDIC), Office of the Comptroller of the Currency
(OCC), Federal Reserve Board (FRB), Securities and Exchange Commission (SEC), Federal
Housing Finance Agency (FHFA), and National Credit Union Administration (NCUA). All six
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joined the 2016 NPRM; however, the FRB and the SEC refrained from joining the 2024
NPRM, which served as a challenge to the proposed rule’s legitimacy.>®

The 2024 NPRM proposed under Section 956 applies to banks with over $1 billion in
assets. It highlights mechanisms for controlling risk-taking incentives such as deferral,
forfeiture and downward adjustment, and clawback requirements. Depending on the size
of the bank, 40-60% of incentive compensation would be required to be deferred for a
period of 1-4 years. Forfeiture or downward adjustment of incentive compensation would
apply in cases of poor financial performance, inappropriate risk-taking, oversight failures,
and noncompliance with legal or regulatory standards.®” Furthermore, clawbacks would be
implementable for up to seven years from vesting if there is misconduct.>®

Substantial barriers to finalization of the 2024 NPRM in the near term exist.*®
However, the proposed measures are notable. The deferral, forfeiture and downward
adjustment, and clawback provisions would represent an important step in the regulation
of financial institutions and executive compensation. These provisions reflect an
awareness of advances in academic knowledge of the incentive problems that exist in the
banking sector, and are especially aimed at the problems of short-termism. However, they
do not directly address convexity or even acknowledge its role in distorting risk-taking
incentives in banking. Section 956 does not impose on regulators a theory of how executive
compensation encourages inappropriate risk taking. It simply directs them to prohibit
compensation arrangements that may do so.

While short-termism and convexity are both known to banking scholars,
policymakers working on executive incentives have evidently received the message on
short-termism to a far greater degree. This may be a problem because shareholder
governance already has an incentive to curb short-termism, but convexity is much more
likely to require regulatory interventions. Furthermore, as will be shown below, policies that
only tackle short-termism may backfire by exacerbating convexity-driven risk-taking
incentives.

%6 Skadden, Arps, Slate, Meagher & Flom LLP, The Third Attempt: Banking Agencies Revive Incentive-Based
Compensation Rules for Financial Institutions,
https://www.skadden.com/insights/publications/2024/05/the-third-attempt (last visited Aug. 5, 2025).

57 Off. Of the Comptroller of the Currency, supra note 10.

%8 Id.

% See Skadden, Arps, Slate, Meagher & Flom LLP, supra note 56.



l1l. Using Option Theory to Assess Risk Appetite

The use of option theory to analyze bank risk has been known for decades.®° Stock
in an unlevered company is equivalent to a call option on the company’s value with a strike
price of zero. But as the company’s leverage increases, the shareholders’ limited liability
means that the strike price of the implied option rises with the value of debt financing. In a
highly leveraged company, then, a stock certificate is an implied option on the company’s
value with a strike price so high that the option is close to at-the-money. This is the case in
highly leveraged banks. After the global financial crisis, the implications for executive
incentives became salient in the literature.®' This means that formulas based on the Black-
Scholes option pricing theory can be used to analyze incentives in banking.®?

Following these established insights, it is possible to calibrate the measure the
option-implied value of an executive’s pay package and its corresponding risk-taking
incentives by filling the Black-Scholes option pricing formula with parameters based on
real-world data. Altering these parameters can test the effect of hypothetical changes to
the incentive structure on the executive’s incentive to increase risk.

In this approach, the key measure of risk appetite is the vega of the incentive
package. Vega represents the sensitivity of an option’s market value to changes in the risk
of the underlying assets; it measures the change in value in response to an increase in
volatility. An option with high vega will gain value rapidly as the assets become riskier, while
an option with near-zero vega does not significantly gain value with risk. Where the holder
of the option can control the riskiness of the underlying assets, high vega creates a strong
incentive to make the assets riskier.®® Such is the situation of bank executives, whose
strategic and investment decisions influence the risk level of the bank’s assets, and whose
pay packages are implied options on those assets. Executive decisions that affect the risk
levelinclude decisions over lending policy, merger activity, and the degree to which the
bank hedges its risks, among other strategic concerns.

The higher the vega associated with an executive’s pay package, the greater the
incentive to engage in excessive risk-taking. Empirical studies have repeatedly affirmed the
relationship between compensation packages with high vega and risk-taking behavior by

% The insight was first put forth usefully by Ronn and Verma, supra note 7, and has produced a copious
literature since.
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senior managers,® including at banks specifically.®® While vega measures the direct effect
of a change in risk on the market value of an executive’s pay package, it does not directly
measure the effect on the executive’s utility because of individual risk aversion.® A risk
averse individual will experience decreasing marginal utility on the upside, and increasing
marginal disutility on the downside, so that downside risks may outweigh the possible
upside even when the Black-Scholes value of the package increases. Well-diversified
public investors need not account for risk aversion, but a manager who is poorly diversified
(because much of their wealth is tied to one company) and unable to sell freely into the
risk-neutral market (because of legal or governance constraints) will value risky
instruments like stock or options less than the market values them.®” Extensive theoretical
literature treats managers as risk-averse, while other extensive literature models managers
as risk-neutral.®® Empirically, there exists robust evidence showing that corporate
decisionmakers do in fact increase risk-taking when vega increases, despite their risk-
aversion.®

The basic model

The model at the center of this paper analyzes the compensation arrangements
given to a senior manager or executive by the bank—more specifically, by the equity
holders of the bank—and the executive’s resulting vega. It is a static model analyzing a
pointin time, rather than a multiperiod or continuous-time model. | assume for simplicity
that since compensation decisions are made by holders of the bank’s equity, the
compensation structure is based on a stock instrument (so that the executive’s
compensation rises or falls with shareholder wealth, thus avoiding an agency problem
dividing the executive’s incentives from shareholder value). The initial compensation level
is determined exogenously by competition on the market for managerial talent.

Following previous literature, the baseline model represents an executive pay
package as an option (or collection of options) with the bank’s assets as the option’s
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underlying asset.”® The assets have a current value (the spot price) and a volatility
representing the assets’ riskiness due to credit, interest rate, and other risks. The strike
price depends on the degree to which the assets are funded by equity claims or debt. For
instance, stock in a bank with $10 billion in assets and $9 billion in liabilities (hence $1
billion in equity) would be represented by an option with a strike price of $9 billion, since
this is the level at which potential equity losses cease.

Stock-based incentives, whether in the form of pre-existing equity stakes in the
company, incentive stock grants, or cash grants that rise with the company’s stock price,
are modelled as call options under the Black-Scholes formula. Fixed cash pay is simply
cash and does not have option-like characteristics. A cash penalty, for instance a fine
assessed if the bank fails, is modeled as a special kind of option known as a cash-or-
nothing put.”” This is an option that pays a fixed sum if the spot price is below the strike
price at maturity, and being subject to a fine at insolvency is equivalent to holding a
negative cash-or-nothing put with a strike price at the level of liabilities. This kind of option
can be valued, and its vega calculated, using formulas derived from Black-Scholes. With
purely stock-based pay, the executive (like the shareholders) has a convex payoff and thus
positive vega.

The Black-Scholes formula takes several parameters, including the strike price and
spot price (derived from the assets and capital of the stylized bank), the time to maturity (in
the baseline calibration, seven years is used as an estimate of a useful time horizon for risk
management in a bank), an interest rate (calibrations use rates between zero and five
percent), and a spot volatility (calibrated to empirical estimates of annual bank asset
volatility obtained from the Compustat Bank Annual database).

The bank’s response to potential policy interventions

Previous literature on policy interventions such as fines, clawbacks, or deferral
periods has not always considered how compensation practices at banks might change in
response to the imposition of the policy.”? However, analyses of policies constraining the
type of compensation (e.g., limiting tax deductions for fixed compensation but not

7 Ronn & Verma, supra note 7; Robert Merton, An analytic derivation of the cost of deposit insurance and loan
guarantees an application of modern option pricing theory, ). Banking & Fin. (1977).
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return back up to the previous level would be to increase the expected return by granting additional restricted
shares and options to the executive. We would therefore expect that the amount of equity awarded under the
Restricted Equity proposal will be higher than that awarded under a short-term incentive plan”).
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performance pay) find that firms adjust pay packages in response—including increasing
non-constrained compensation types to counteract the policy impact.”®

Such potential responses could greatly alter the net effect of policy interventions.
These policies are intended to make managers bear more of the potential downside risk
that results from their choices, and increasing accountability in this way is meant to make
managers more careful. But a manager subject to greater downside risk may demand a
larger pay package as compensation for that risk.”* Higher base pay may likewise be
required to compensate for the disutility of waiting for years when pay is deferred. If the
increased pay is granted in the form of risk-loving, highly leveraged stock, then the
manager’s increase in vega due to the extra pay conflicts with the decrease due to the
downside risk exposure. In such a situation there is a possibility that the well-intended
invention would increase the overall incentive for risk-taking, rather than decrease it. Under
realistic parameters, this is indeed found to be the case.

Theory predicts that managerial compensation increases when necessary to
compensate managers for greater risk in their compensation.”® Empirical literature has
borne this out in several settings; for instance, the total value of compensation packages
rises as compensation shifts towards riskier instruments such as stock options.”® For an
example from the world of compensation regulation, bonus caps in the European Union
resulted in an elevation of fixed pay to compensate for the restriction on variable pay, and
deferral requirements in the United Kingdom resulted in large pay increases and a swifter
rate of subsequent increase in pay level.”” This is because banks must compete with each
other and also with other alternative occupations to obtain and retain talented managers,
and if potential bankers are subjected to greater risk without compensating pay increases,
those at the margin will forgo positions in banking to take jobs elsewhere.”® The labor
market for senior talent forces the bank to pay a competitive price to keep its managers
from leaving; if a policy intervention reduces the value of a certain compensation package
to the manager, the bank will have to increase the size of the package to prevent her from

73 See, e.g., Tod Perry & Mark Zenner, Pay for Performance? Government Regulation and the Structure of
Compensation Contracts 17 (June 2000) (unpublished manuscript),
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leaving for a similar job that is not subject to the regulation (for example, banks outside of
the jurisdiction or nonbank financial institutions within or without the jurisdiction).

Hence, when analyzing policies such as fines or clawbacks, the effect of the policy
is measured under two competing model assumptions. In the first, the policy is statically
applied to the executives’ payoff structure. In the second, the bank is able to respond to the
policy by adjusting the executives' compensation until the total payoffs have an equal value
to the pre-policy compensation package. For example, if policymakers mandate large fines
for the executives of banks that reach insolvency, prospective bank executives who fear the
materialization of such a risk may require a bump in their pay packages to compensate
them for taking that risk. If the present value of the risk of a fine (the value of the equivalent
cash-or-nothing-put) is $200,000, for example, the bank may increase the executive’s pay
package by adding additional cash and stock grants worth a total of $200,000, so that the
resulting total payoffs are of equal present value to what the executive would get in the
absence of the penalty. The vega of the resulting total payoff structure will depend not only
on the direct effect of the policy intervention, but also on the second order effect driven by
the bank’s compensatory response to the policy.

IV. Current policy initiatives fail to address convexity-driven risk

Increased deferral periods increase risk appetites

One major set of proposals to curb bank risk-taking focuses on requiring
compensation to come in the form of stock grants with long deferral periods.”® This means
the executive is unable to sell the stock for a number of years—in some proposals as long
as ten years—after the year in which they are granted as salary, or the final year of the
executive’s employment at the bank. The logic behind these proposals is aligning
managerial incentives with long-term shareholder value, rather than allowing managers to
profit from actions that look good in the short run but not in the long run.®° In this framing,
the difference in time horizon between managers and shareholders is a source of agency
costs allowing management to take risks that benefit the manager while hurting
shareholders; in essence, excessive risk-taking is, in this model, a typical corporate
governance problem.

The 2024 NPRM on bank compensation incorporates deferral periods for stock
grants as a cornerstone measure of incentive alignment. Under the proposed rules, 40-60
percent of stock compensation would be mandatorily deferred for 1-4 years, depending on

® See, e.g., Bhagat, Bolton, & Romano, supra note 3.
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the size of the bank.®' The incorporation of these provisions arguably shows that federal
regulators have paid some attention to the academic literature on banking incentives.

The logic behind lengthened deferral periods is compelling, to a point. Time-horizon
differences between management and shareholders do indeed provide opportunities for
management to benefit at shareholders’ expense, and longer time horizons for managerial
payoffs are an effective way to reduce this agency cost problem.

However, not all excessive risk-taking comes from a difference in time horizons. In
particular, deferral periods do not directly address the convexity issue. As Lucian Bebchuk
and Holger Spamann pointed out after the global financial crisis, the problem of leveraged,
convex equity payoffs occurs in one-period models where time horizon differences can’t
exist. 82 Even with long deferral periods, it remains true that a bank executive paid with
highly convex stock has strong incentives to take on high risks. Even if she is unable to sell
her stock until after risks are fully realized, the prospect of potentially enormous upside
with limited downside remains. Solving the time horizon issue does not solve the convexity
issue.

Using Black-Scholes option pricing, we can analyze the change in a banker’s total
payoff structure due to increased deferral periods. In a static model where longer deferral
periods are simply imposed without any endogenous response in the bank’s compensation
practices, there is no effect on vega because the option’s final payoff profile is exactly the
same. Real problems arise, however, in a model where the bank is able to respond by
increasing total compensation to offset any negative effect in the value of compensation
due to the deferral period being increased. Because of time-inconsistent preferences, the
utility of long-deferred compensation may be far less than the utility of compensation that
is disposable immediately. The present financial value of compensation also decreases
with long deferral periods because agents value illiquid securities (here, restricted stock)
less than liquid ones that can be sold at any time. The illiquidity discount an executive
would apply to her stock award due to restrictions on sale has been widely estimated to be
between 15-35% for securities locked up for just one year.® Of course, maintaining overall
competitiveness in pay practices could require banks to increase the size of stock grants to
compensate for this discount for limits on marketability.

Two separate approaches are taken for modeling the effect of deferral requirements.
One, here called the disutility approach, posits that the executive experiences a reduction
in utility when compensation is deferred, because compensation received immediately is

81 Off. of the Comptroller of the Currency, supra note 9.
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8 Mukesh Bajaj et al., Firm Value and Marketability Discounts, 27 J. Corp. L. 89 (2001-2002).



preferable to compensation for which one must wait for several years.® The size of the pay
package must increase until the executive is indifferent between the original pay package
and the larger, deferred pay package. The larger stock grant in the deferred pay package
causes an increase in the vega of the executive’s payoffs.

The second approach is here called the replication approach. In this approach,
deferred stock is modeled as a bundle of both a call option on the bank’s assets and a
negative put option on the bank’s stock. The negative put option represents the restriction
from selling the stock during the deferral period. Because the negative put option has a
negative value, the size of the total package must increase until its financial value equals
the value of the pre-restriction pay package.® This dynamic creates two opposite-direction
forces on vega: a negative force from the restriction on selling (the put option), and a
positive force from the increased size of the bundle.® The positive force dominates, as the
net effect on vega is an increase. As shown graphically, increased deferral periods are
associated with greatly increased overall vega (with the increase growing the longer the
deferral period).

84| assume hyperbolic discounting, a common function used by economists to describe how agents prefer

immediate rewards to delayed rewards. Hyperbolic discounting takes the form U(C,;) = ﬁ C,where Cisthe

non-deferred compensation, C, is a deferred pay package of the same size, k is a discount factor, and D is the
length of deferralin years. An agent is indifferent between an immediate package of size C and a deferred
package of size (1 + kD)C. Under the disutility approach, vega grows linearly with the deferral period
according to the function v, = v4(1 + kD) where vj, is the vega of the deferred package and v, is the vega of
the non-deferred package.
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G, is the non-deferred grant, I/, is the Black-Scholes value of the non-deferred stock grant, and I/, is the
Black-Scholes value of the deferral requirement modeled as a put option. Qualitatively similar results are
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the stock, or a compound put-on-call option on the assets.
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Vo-Vp
defined above, v, is the vega of the pre-deferral pay package, and vp is the vega of the put option used to
model the deferral requirement. The equation’s first parentheses contain the force that increases vega
through the increased size of the equity grant, and the second parentheses contain the force that decreases

vega because of the deferral restriction.

8 The vega of the restricted equity grant follows the equation v, = ( ) (vo — vp) where V, and Vp are



Change in vega as deferral periods increase
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Figure 1: Changes in executives'vega as compensation is deferred. In a world where banks do not change compensation
levels in response to deferral provisions, there is no effect on vega (green line). But if banks issue larger stock grants to
compensate for the illiquidity discount due to deferral provisions, vega increases greatly (red line).

Increased deferral periods do not reduce the vega of an executive’s total payoff
structure. Therefore, the primary mechanism incentivizing excessive risk—convex, high-
vega payoffs—is not addressed by deferral. Furthermore, long deferral periods reduce the
value of stock compensation to the executive, and a compensatory increase in the size of
the stock grant can greatly increase the executive’s vega. While the 2024 NPRM'’s proposed
deferral provisions may help with time horizon issues, we should not expect such rules to
create a significant reduction in the incentive to take excessive risk due to the convexity
problem. Furthermore, if banks increase the total size of the award to compensate for the
limits on marketability, then the net effect can be to increase the total incentive for
excessive risk-taking.

Increased penalties have an ambiguous effect on risk appetites

Bankers’ risky decisions can impose grave consequences on others (including
employees and clients of the bank as well as the broader financial market) but the bankers
are often insulated from those negative consequences. Penalty and clawback regimes exist
partly to make the bankers pay for their poor decisions, out of the sense that they shouldn’t
be able to cause harm with impunity.®” But the economic purpose of penalties and
clawbacks is to alter incentives. The argument is that subjecting bankers to fines or
clawbacks of previous compensation if things go badly creates a strong incentive to reduce
risk-taking ex ante.® Greater exposure to the downside addresses convexity to at least
some degree because it lowers the floor of financial outcomes for the executive, although it

87 See Kinnery, supra note 3.
8 | ogue, Thomas, & Zhang, supra note 3.



does not remove the prospect of potentially unlimited upside if boldly taken risks turn out
well.

Legal mechanisms for penalties or clawbacks already exist to implement this
logic.® FIRREA granted authority to the FDIC to impose fines on former bank directors in
1991, and hundreds of fines (totaling over one billion dollars) have been assessed under
this provision. The Dodd-Frank Act in 2010 mandated clawbacks of compensation
whenever there is an accounting restatement, to reset compensation to the levels it would
be at if there had been no misstatement to begin with.*® Even more aggressive clawback
regimes have advanced in the legislature and agencies in recent years. The RECOUP Act
aims to establish clawbacks of all compensation granted in the previous two years if a bank
fails and the executive contributed to its failure.®' Other than the causal contribution, the
RECOUP Act does not appear to require any legal standard of culpability such as
recklessness or negligence (as opposed to the explicit gross negligence standard under
FIRREA).®*2 The 2024 NPRM includes forfeiture provisions a clawbacks for up to a seven year
period if the banker is involved in misconduct.®

Clearly, momentum has grown toward applying greater penalties to bankers. In
theory, the increased potential downside associated with these penalties should reduce
their propensity to indulge in excessive risks. But does the prospect of these penalties
really reduce an executives’ risk appetite?

Payoff with a punitive clawback
| — Assets B
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Figure 2: Executive payoff when there is a fine, regulatory penalty, or clawback of previously awarded pay in the event of
bank failure. The potential loss causes the executive payoff to drop discontinuously is the bank’s assets fall below the
level of insolvency.
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Change in Vega as Fines Increase
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Figure 2: Changes in executives'vega as fines or clawback provisions grow. If banks do not compensate management for
the risk of a potential penalty (green line), the fine decreases vega. However, if banks issue more stock units to
compensate for the greater risk (red), the executives’vega increases. In banks that have above-average volatility to begin
with, the increase is even greater (dark red).

Using option pricing formulas from Black-Scholes, | assess the change in the
executive’s vega that occurs when these penalties are exogenously instituted. As with
deferral, | measure the effect under two assumptions: first, | examine what happens to
vega when the penalties are applied with no response from the bank itself. Second, | allow
the bank to increase the executive’s pay package to compensate her for the risk she now
bears of such a fine or clawback occurring. In this second scenario, | compute the required
pay bump by calculating the market value of a negative cash-or-nothing put option
equivalent to the fine, then scale up the pre-existing pay package to exactly offset the
current value of the potential fine.

Under the assumption that banks do not adjust pay to compensate for potential
fines, the imposition of a penalty regime does reduce vega. However, the effectis only
powerful enough to remove excess risk-taking incentives if the fines are rather draconian.
As the size of the fine increases by approximately one multiple of current salary, vega is
reduced by about 20 percent. It thus requires a clawback of about five years’ salary to
reduce vega to zero. In such a world, then, fines can materially reduce bankers’ risk
appetite, but only if they become extremely large. The proposed provisions of the RECOUP
Actinclude a clawback of two years of compensation, which (under an assumption of low



variability in compensation from year to year) could reduce vega by about 40%, which is
substantial but not enough to discourage risk-shifting behavior.

This finding may appear to validate calls for even larger clawbacks—one recent
academic paper encourages a clawback of five years’ previous salary, which, in this model,
is almost exactly the size of fine required to reduce vega to zero. However, the possibility of
an endogenous response in banks’ compensation practices should give us pause before
assuming that fines always reduce vega.

Where banks may adjust pay to compensate for the risk of future fines, that
adjustment causes the fines to backfire under some parameters. Since banks increase pay
in part by granting more stock units to the executive, and since these stock units are
convex, positive-vega instruments, the net effect (imposing a fine combined with increased
stock pay) can be an increase in vega, rather than a decrease, and vega continues to
increase with the size of the fine.% That is, imposition of ever larger penalties on bankers
can have the perverse outcome of increasing their propensity to take excessive risks, rather
than decreasing it. Furthermore, the increase in vega accelerates for banks that begin with
a higher starting volatility rate. This indicates that in the riskiest banks, imposing fines has
the least propensity to reduce risk-taking and the highest chance of actually increasing
managerial incentives to take risks. Imposing a large fine or clawback is least effective for
the banks where reducing risk matters most.

Contrary to the likely expectations of proponents of larger fines and clawbacks, this
model demonstrates that such measures are unlikely to significantly decrease risk-taking
in the banking sector. Startlingly, these measures can even result in increased incentives
for excessive risk. The proposed clawback rules in the 2024 NPRM, the RECOUP Act, or
related academic proposals, are therefore unlikely to deliver a safer banking system.

V. What measures can reduce risk-taking incentives?

The preceding section shows that commonly proposed solutions to the problem of
excessive risk-taking in banks are unlikely to succeed, and can even make risk appetites
worse. Legal changes such as the RECOUP ACT or the 2024 NPRM have not incorporated

% The effect of the fine on vega follows the equation vy — v, = %vo — Vrvp where v, is the net vega of the
0

total payoffs with the risk of a fine, v, is the vega of the pre-fine pay package, V, is the value of the pre-fine pay
package, V is the Black-Scholes value of the fine modeled as a cash-or-nothing put, and v is the vega of the
same cash-or-nothing put. The left-hand side of the equation describes the change in vega as a result of
imposing the fine. The right-hand side shows that the effect on vega consists of two terms: the firstis a
positive effect on vega resulting from the increased size of the equity grant; the second is a negative effect on
vega resulting from the risk of the penalty. The net effect can be positive or negative, depending on the
leverage of the bank, its underlying volatility, and the time horizon of the options.



mechanisms that directly address the problem of convex payoffs in banker compensation,
so they are unlikely to bring about their intended effects on incentives. This section
addresses measures that, in contrast, can be shown to materially reduce incentives for
risk-taking.

Substituting a portion of pay with concave instruments

Under current compensation practices, the vast majority of pay comes in the form
of stock grants and other equity-linked instruments such as options or cash bonuses linked
to stock price indicators. These instruments are convex, and as such they create risk-loving
incentives. Intuitively, the convexity effect can be directly countered by substituting a
substantial portion of pay with concave instruments instead. Many forms of concave
compensation have already been implemented by some banks or proposed by academics,
but such measures are far from universally accepted.®® This subsection discusses varying
forms of concave compensation and analyzes their effect on total risk-taking incentives.

An instrument’s payoffs will generally be concave if the potential upside is capped
at a fixed quantity and payoffs can be less than that quantity in bad states of the world.
Debt instruments like a bond have prototypically concave payoffs. Contingent convertible
bonds, or CoCos, are even more concave. CoCos provide fixed coupon and principal
payments just like an ordinary bond, but differ in the event of financial distress: whereas a
bond maintains a claim on a corporation’s assets in bankruptcy, CoCos are converted to
equity or written down completely if the bank fails.®® This sharp negative discontinuity in
the CoCo’s payoffs on the downside makes them a highly concave instrument. Roughly
equivalent to CoCos are cash payments with a long deferral period along with forfeiture
provisions should the bank fail. Pensions or long-term retirement plans also have concave
payoffs.

Each of the aforementioned instruments falls in the category of pay known to the
literature as “inside debt”—debt-like payoffs awarded to management.® Because these
instruments are concave, rather than convex, they have negative vega and their value
decreases as underlying risk increases. Empirical analyses have linked inside debt
compensation to reduced executive risk-taking.®® While inside debt pay is not a common
feature of U.S. bank compensation or regulatory schemes, several European banks have

% See, e.g, Edmans & Liu, supra note 65; Sundaram & Yermack, supra note 13.

% Kaal, supra note 13.

% Edmans & Liu, supra note 65.

% Abhishek Srivastav, Seth Armitage & Jens Hagendorff, Better Safe Than Sorry? CEO Inside Debt and Risk-
Taking in Bank Acquisitions, 36 J. Fin. Stability 208 (2018); Abhishek Srivastav, Seth Armitage & Jens
Hagendorff, CEO Inside Debt Holdings and Risk-Shifting: Evidence from Bank Payout Policies, 47 J. Banking &
Fin. 41 (2014).



voluntarily experimented with significant grants of debt securities to their executives along
with equity pay.®® Such arrangements also increase the alignment between executives and
all the firm’s providers of capital—both debt and equity.'®

By partially substituting equity pay with concave instruments, it should be possible
to create a total payoff profile with low or zero vega. ' The feasibility of such measures can
be demonstrated through the Black-Scholes model. Here, | maintain a constant present
value of total compensation, but replace varying proportions of the equity-based pay with
an equal-value package of concave instruments. The charts demonstrate the effect of
partially substituting equity pay with CoCos, which are highly concave. CoCos provide fixed
payments, which by themselves have zero vega. However, the writedown provision of
CoCos—that their value is written to zero in the event of failure—functions just like a fine or
penalty. The result is a negative vega instrument, since asset volatility increases the
likelihood of the CoCo being written down, but does not provide the possibility of any
additional upside. A compensation structure that consists of a mixture of positive-vega
stock and negative-vega CoCos can achieve a total vega of zero, or even negative total
vega.

Change in vega as stock is replaced with CoCos
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% Edman, Gabaix, & Jenter, supra note 73, at 441 (Describing several banks, including UBS, Credit Suisse, and
Royal Bank of Scotland, compensating key employees with bonds); Barclays PLC Remuneration Report 2010,
Barclays PLC (Feb. 2011), https://home.barclays/content/dam/home-barclays/documents/investor-
relations/IRNewsPresentations/2011News/2010-barclays-plc-remuneration-report.pdf (last visited July 19,
2025) (Compensating executives with a 50/50 mix of equity and contingent convertible securities).

100 See Bebchuk & Spamann, supra note 2.

10" Jens Hilscher, Sharon Peleg Lazar & Alon Raviv, Designing Bankers’ Pay: Using Contingent Capital to
Reduce Risk-Shifting Incentives, 12 Q. J. Fin. 2240005 (2022) (Computing precise compensation structures
with equity and contingent convertibles to achieve a vega of zero).
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Replacing stock with CoCos effectively reduces the executive’s vega. Zero-vega or
negative-vega payoff profiles can be achieved while still maintaining a high proportion of
compensation in stock form, to preserve pay-performance sensitivity. Under the charted
parameters, a vega of zero is achieved when approximately 80% of executive pay is
delivered in the form of CoCos and the rest is stock. Other authors, utilizing different
parameters, have found near-zero vegas with pay packages consisting of about 35% CoCos
and 65% stock, a mixture that still provides significant incentives to increase shareholder
value, but does not provide any incentive to do so through shifting value from creditors to
shareholders by purely increasing risk. In such a zero-vega environment, the executive has
no incentive to increase risk for its own sake, but will still have incentives to take those risks
that are associated with positive expected payoffs, i.e. those that are socially beneficial.
Thus, a mixed compensation package roughly aligns executive incentives with those of
society at large.

Unlike the implementation of fines and clawbacks, with CoCo-based payment there
is no need to account for the bank’s ability to respond by offsetting the risk of the penalty
with increased pay. This is because the value of the pay package as a whole can be
maintained by choosing the right quantity of inside debt to replace a given quantity of
stock. As a result, the negative effect on vega of the writedown of the CoCo’s value (which
is equivalent to a penalty of the same size) applies without a countervailing positive effect
on vega from the bank’s endogenous response of increasing stock pay.

In sum, replacing (some of) equity-linked pay with concave instruments is an
effective way to reduce the risk-taking incentives. Furthermore, it does not have the
potential to backfire and inadvertently increase risk appetites. Policymakers who intend to
seriously address the incentives for excessive risk-taking in the banking industry should
consider the potential of these instruments for aligning incentives with regulatory
objectives.

Increasing capital requirements

The core feature of banking that generates the convexity problem is the highly
leveraged capital structure typical of modern banks. Banks are allowed to fund their assets
with a thin sliver of equity and vast amounts of debt, resulting in leverage that ordinary
industrial firms only see when in extreme financial distress.' The convexity problem and
its attendant excessive risk-taking result from the fact that shareholders and executives

192 Admati & Hellwig, supra note 23.



(who by typical governance standards should be aligned with shareholders) are taking risks
with other people’s (namely, creditors’, depositors’, and implicitly taxpayers’) money.'%

Banks have not always been as leveraged as they are today. In the era before deposit
insurance and modern bank regulation, banks often operated with around 20% of their
assets funded by equity, rather than less than 10% as is common today.'® This was partly
driven by depositors, who (lacking deposit insurance) were unwilling to entrust their
savings to an institution with an unsafe balance sheet. Double liability—a legal
arrangement where investors in a bank could lose up to twice the amount invested, rather
than strictly limited liability as exists today—made equity holders more careful in banking
as well.

In the modern age, however, none of the providers of capital, whether lenders,
depositors, or shareholders, have a strong incentive to reduce risk at the bank. The
creditors have explicit and implicit guarantees from the government, so they do not resist
excessive leverage or the distorted incentives it creates. Consequently, the shareholders
have highly convex, risk-loving, optionlike payoffs as a result of their sky-high leverage and
limited liability.

Since high leverage generates the convexity problem, it is intuitive that increasing
capital requirements (and thus lowering shareholders’ leverage) will reduce convexity. In
the stylized Black-Scholes model, increasing capital requirements is modelled by reducing
the strike price of the implied option. This makes the option further in-the-money, and vega
decreases as a result. Indeed, when a bank’s capital levels are similar to those of firms in
other industries, vega becomes indistinguishable from zero. The effect is demonstrated in
the chart.

103 Anat R. Admati, A Skeptical View of Financialized Corporate Governance, 31 ). Econ. Persp. 131 (2017).
104 Admati & Hellwig, supra note 23.



Change in vega as capital increases
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Figure 3: As the bank's capital ratio increases, the vega of all-stock pay decreases nonlinearly. By combining the methods
of replacing stock with convex instruments and increasing capital requirements, vega can be brought down to zero. Here,
a capital ratio of about 21% and a pay package consisting of equal parts CoCos and stock achieves zero vega,
representing the elimination of risk-shifting incentives.

Increased capital requirements clearly reduce the convexity problem and incentives
to take excessive risk. Increasing capital is also considered the basic solution to a host of
other known problems in the banking industry.’® The industry tends to resist regulatory
efforts to increase capital, and many commentators consider serious capital requirements
to be politically impossible.™® It would take tremendous political willpower to successfully
bring capital requirements from where they are to a safer zone, but the resulting benefits
would include the virtual disappearance of many of the economic problems endemic to
banking, including the problem of convex incentives.

The two separate approaches of 1) increased capital ratios and 2) the replacement
of convex instruments with concave ones can be combined to be even more effective. This
can prevent the need to use either approach in the extreme. For example, a mixed
compensation package of half stock and half CoCos achieves zero vega with capital ratios
just over 20%, a capital requirement level supported by many academic commentators.'”’

105 See, e.g., https://www.ft.com/content/63fa6b9e-eb8e-11df-bbb5-00144feab49a (a letter by 20 leading
academics urging far higher capital requirements for banks).

%6 Admati & Hellwig, supra note 23.

197 |d.; Bhagat & Bolton, supra note 3.
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VI. Case study: remuneration rules in the UK banking sector

Implementation of deferral, clawback, and bonus cap measures

In the years 2014-2016, banks in the United Kingdom became subject to new legal
requirements for compensation of senior managers and material risk-takers. The
implementation of these rules and the banks’ response to them sheds light on the
effectiveness of policy measures aimed at curtailing bank risk. The changes included rules
aimed at both short-termism and convexity.

First, UK banks were subject to CRD IV, a European Union law that came into effect
in January 2014."° The law divided banker compensation into fixed and variable
components and required that variable compensation (such as performance bonuses)
could not exceed fixed compensation.’® However, the bonus cap could be lifted to twice
the size of fixed compensation with shareholder approval. The private sector in the UK
disliked the policy behind the bonus cap, arguing that it hurt the competitiveness of UK
banks in the global talent market and that it would drive a decrease in pay-performance
sensitivity, as reliance on fixed salaries forced banker pay to be increasingly independent of
the quality of work."? Indeed, one study has found that similar compensation restrictions
attached to the 2008 UK bank rescues reduced pay-performance sensitivity in banks that
had to adjust their practices to comply, and that such banks subsequently suffered from
worse financial performance.’' Soon after Brexit allowed the UK to remove EU regulations,
the bonus cap was repealed and banks soon began increasing their performance
incentives above the levels allowed under the law.™"?

A bonus cap has, in theory, the potential to address both short-termism and
convexity. Proponents of the provision were motivated by a sense that high-powered
incentives tied to bonuses for senior management had led to the financial crisis and
explicitly intended the bonus cap to “avoid excessive risk taking”. ''* However, the law did
not clarify whether time-horizon issues or leveraged, convex payoffs (or both) were the
economic source of the risks to be avoided. Performance bonuses can create convex

1% Directive 2013/36/EU of the European Parliament and of the Council, art. 94(1)(g), 2013 0.J. (L176) 1, 73.
The UK was an EU member at the time, subjecting its banks to European Union law. The bonus cap remained
in force after Brexit, until it was repealed in 2023.

109 Id

10 See https://blogs.lse.ac.uk/businessreview/2025/01/30/uk-banks-executive-compensation-faces-a-
balancing-act-post-brexit/.

1 Yusuf, Rukaiyat Adebusola, and Mamiza Haqg. "CEO compensation and bank’s performance following
bank-rescue." International Journal of Managerial Finance 21.2 (2025): 390-412.

12 https://www.wtwco.com/en-sg/insights/2025/04/compensation-professionals-are-feeling-the-ripple-
effect-of-the-uk-bonus-cap-removal; https://www.glasslewis.com/article/uncapping-uk-banker-pay.

3 Directive 2013/36/EU of the European Parliament and of the Council, pmbl. 165, 2013 O.J. (L176) 1, 13.
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payoffs as managers swing for the fences to achieve performance targets—they are
rewarded for success without being symmetrically penalized for failure. These incentives
can also create time-horizon problems, as managers select short-term strategies where
the short-term benefits appear in time to collect the bonus, and the long-term costs only
materialize later. To combat this latter problem, CRD IV stipulated that in addition to the
cap on variable pay, performance-based variable remuneration should be partially
deferred.'® Notably, banks were allowed to apply a discount rate to such deferred variable
pay for purposes of staying under the maximum ratio; increased award sizes to
compensate for the length of the deferral period were built into the regulatory scheme.™®

Second, the UK financial regulators, the Prudential Regulation Authority (PRA) and
Financial Conduct Authority (FCA), jointly implemented deferral and clawback provisions
for UK banks (the “PRA remuneration rules”), taking effect in 2015 and 2016 and remaining
in place as of 2025."" The rules include deferral provisions for variable compensation,
including annual performance bonuses and performance-based long-term incentive plans,
but not including fixed compensation such as salary or pensions. Deferral periods range
from 3-7 years, depending on the employee’s seniority.”” The rules also included malus
(cancellation of unvested variable pay) and clawback (taking back previously vested and
paid awards) in response to misconduct or risk management failures on the part of
material risk takers.'® Variable compensation is subject to malus provisions and
clawbacks up to seven years past the date of vesting.

The PRA remuneration rules were intended to reduce risk-taking with an emphasis
on short-termism.™"® In theory, lengthy deferral periods and extended periods of
vulnerability to clawback virtually ensure that bankers are unable to enrich themselves on a
short time horizon while setting up a disaster in the longer term. But these measures built

14 Directive 2013/36/EU of the European Parliament and of the Council, art. 94(1)(b), 2013 O.J. (L176) 1, 73
(“the actual payment of performance-based components of remuneration is spread over a period which
takes account of the underlying business cycle and its business risks”).

15 Directive 2013/36/EU of the European Parliament and of the Council, pmbl. 1 65,2013 0.J. (L176) 1, 13.
¢ Prudential Regulation Authority & Financial Conduct Authority, Policy Statement 12/15, Strengthening the
Alignment of Risk and Reward: New Remuneration Rules (June 2015), Bank of England.

"71d. at 7-9.

8 prudential Regulation Authority & Financial Conduct Authority, Policy Statement 12/15, Strengthening the
Alignment of Risk and Reward: New Remuneration Rules 13-15 (June 2015), Bank of England.

1% Prudential Regulation Authority & Financial Conduct Authority, Policy Statement 12/15: Strengthening the
Alignment of Risk and Reward: New Remuneration Rules, Annex 5 9 1.4 (June 2015), Bank of England (“The
primary purpose of the Dual-regulated firms Remuneration Code is to ensure greater alignment between risk
and individual reward, to discourage excessive risk taking and short-termism, and encourage more effective
risk management”).
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to reduce time inconsistencies do little to reduce the risk appetites engendered by
convexity.

How banks responded to the rules

In the UK, banks responded to these legal changes in ways that confirm two key
facts. First, banks do in fact adjust pay packages in response to regulatory changes,
including raising pay to compensate for value-reducing constraints in the new regulations.
Second, the adjustments are tailored in a manner that maintains shareholder-friendly,
highly convex payoffs. The policy reforms faced by UK banks drove changes in both the
level and the composition of senior management pay.

Adjustments to the compensation level: The bonus cap, if applied with no
countervailing action by the banks, would have lowered total compensation by prohibiting
preexisting large bonus arrangements. Critics of the rule contended that banks would
struggle to retain top employees under the bonus cap rules. However, banks raised fixed
pay, which helped keep salaries competitive on the talent market (preventing an exodus of
top talent from regulated banks) and allowed greater room to keep variable pay high.'* One
existing study estimates that the reduction in bonuses and the increase in fixed pay
approximately cancelled each other out, effectively indemnifying bankers for the costs of
the imposed constraints. As these adjustments illustrate, competition on the labor market
forces banks to respond to compensation regulations by increasing unregulated elements
of pay to make up for the constraints, seen here in an increase in fixed salaries to
compensate for a limit on variable pay.

The response to the PRA remuneration rules was even more striking. While a certain
degree of deferral and clawback provisions was standard practice in the UK before the PRA
remuneration rules, the implementation of the rules required banks to extend their deferral
periods and contractual clawback mechanisms.’?' To compensate bankers for the loss of
value due to years of deferral before receiving their already-earned pay, banks raised pay
levels. The fixed pay levels and total pay levels of managers affected by the deferral
requirements increased significantly relative to unaffected managers, and continued to
grow at a faster rate thereafter.’* One study estimates a 13.6% increase in overall pay for
those affected by the 7-year deferral period requirement that took place in 2016, compared
to less than 7% for unaffected bankers—double the growth rate where the 7-year

120 Stefano Colonnello, Michael Koetter & Konstantin Wagner, Effectiveness and (In)Efficiencies of
Compensation Regulation: Evidence from the EU Banker Bonus Cap, IWH Discussion Paper No. 7/2018 (Dec.
7, 2020).

121 See HSBC for example.

122 |eva Sakalauskaite & Qun Harris, Measuring the Effects of Bank Remuneration Rules: Evidence from the
UK, Bank of Eng. Staff Working Paper No. 1008 (Dec. 19, 2022).



provisions applied. This nominalincrease in pay also understated the total increase,
because banks were allowed to apply a discount (typically around 25%) to the notional
value of deferred compensation.'?3

Adjustments to the structure of compensation: After the bonus cap law took effect,
banks responded swiftly.’>* Nearly all banks in the UK quickly had shareholder votes
approving the 200% limit (rather than 100%) for the ratio of variable pay to fixed pay.'?®
Shareholders left little doubt that they preferred high-powered, performance-sensitive,
risk-loving incentives; at HSBC, for example, the measure to raise the bonus cap passed
with over 98% shareholder support.'?® Furthermore, the UK banks exploited a feature of the
definition of fixed pay to create a large component of compensation in the form of annual
stock grants. These “fixed pay allowances” were fixed pay as an accounting matter
because they were noncontingent and nondiscretionary awards (as opposed to bonuses
tied to a performance measure), but because they were granted in stock units, their actual
economic value varied with performance and risk-taking, especially for top executives.'?’

While the bonus cap ostensibly should have limited the convexity effect of
performance-linked rewards, the introduction of these fixed pay allowances provided a
convexity-increasing counterbalance. Since they were legally “fixed pay”, these awards
would also not become subject to the deferral and clawback provisions in the PRA
remuneration rules. Since fixed pay allowances added to the size of fixed pay, they doubly
added to the permitted size of variable pay, such that variable pay components often
amounted to five or six times the size of fixed salary (cash) pay, rather than merely double
as envisioned under CRD IV.%®

Contrary to the hopes of the CRD IV, empirical evidence shows an increase in risk
taking as a result of the bonus cap.'® This surprising outcome may be rationalized by the

123 See, e.g., HSBC 2019 Annual Report and Accounts p. 197 (“The number of shares to be granted was
determined by taking into account a share price discounted based on HSBC’s expected dividend yield of 5%
per annum for the vesting period”, adding up to a 28% discount relative to award date value).

124 Colonnello et al., supra note 108 (estimating that 25% of banks were immediately constrained by the
bonus cap based on previous bonus levels).

125 Sakalauskaite and Harris, supra note 110. One notable exception is NatWest, which retained the 100%
cap. NatWest’s conservatism may be attributable to the UK’s dramatic takeover of the bankin 2008, from
which the government still held a large equity stake when the bonus cap came into effect.

126 HSBC 2014 Annual Report and Accounts p. 459.

27 This mechanism was not as widely used in the rest of the EU as in the UK, partly because the European
Banking Authority disapproved of the categorization of stock grants as “fixed”. See European Banking
Authority, Opinion of the European Banking Authority on the Use of Allowances (EBA/Op/2014/10, Oct. 15,
2014).

128 See the HSBC 2019 Annual Report and Accounts p. 187 (Variable pay components Annual Incentive and
Long Term Incentive add up to 535% of base salary).

2% Colonnello et al., supra note 108.



theory introduced in this paper. Banks’ response to compensation regulations took the
form of increased stock pay, which ultimately resulted in higher overall vega—which meant
greater incentives to take risk due to the convexity of the associated payoffs.

In response to the deferral provisions in the PRA remuneration rules, the
composition of pay packages shifted in a way that preserved and increased convex
incentives (in addition to increasing pay levels overall as analyzed above).'*° While the
deferral and clawback requirements may well have countered short-termism to some
degree, the increased size of equity-linked compensation means that risk appetite of these
bankers that results from convexity likely increased.

Relevance to U.S. proposals

The experience of the UK banking sector after the bonus cap and PRA remuneration
rules illuminates the likely results of related policy proposals in the United States. The 2024
NPRM, for instance, bears resemblance to the PRA rules with their deferral and clawback
requirements, including the 7-year post-award potential clawback period. Some
differences exist, however. The 2024 NPRM has a lower deferral period in general (1-4
years) than the PRA rules (3-5 years in general, and 7 years for some executives). More
significantly, no U.S. proposed rules are analogous to the bonus cap or have a significant
negative effect on convexity.

In light of the option pricing model laid out in this paper and the empirical evidence
from the UK rules, several results can be predicted if the United States imposes strong
deferral and clawback requirements (thus addressing short-termism) without directly and
strongly addressing convexity-driven risk incentives. First, American banks will not simply
apply deferral requirements to existing pay structures, but will adjust and tailor the
composition of pay packages to maintain shareholder-friendly payoffs. Second, overall pay
levels will rise to compensate for the costs imposed by the new constraints and maintain
competitiveness against hirers not subject to the regulations, including American nonbank
financial institutions and foreign financial institutions. Third, the combination of these
effects will result in management compensation packages with higher vega than existed
before the regulations. As a result, while short-termism may be reduced, excessive risk-
taking may actually increase.

130 Additionally, the shift to using stock grants accounted as fixed pay allowances meant significant stock
awards were not subject to deferral requirements. The banks thus partially circumvented limits on short-
termism as well.



Conclusion

The incentive for management to take excessive risk is built into the structure of the
banking industry due to guarantees for creditors and high leverage for shareholders.
Management, when aligned with shareholders, shares in a highly leveraged bet on the
firm’s assets, a convex payoff structure, and resulting rewards for taking excessive risks.
The most prominent approaches for addressing risk-taking in the banking sector, including
current proposals in the legislature and agency rule-making process, cannot solve the
problem because they do not directly address the convexity of equity-linked incentive pay.
This includes increasing fines or clawback provisions, as well as lengthening deferral
periods for equity grants. In fact, these proposals can make the convexity problem worse.

In contrast, there are mechanisms available that would reduce bankers’ risk
appetites. Replacing a portion of equity pay with concave instruments like contingent
convertible bonds (CoCos) or deferred forfeitable cash can reduce the executive’s vega, a
measure of risk-lovingness, to zero. Some banks have already voluntarily experimented
with innovative, concave pay structures like integrating CoCos with stock-based pay.
Increasing capital requirements also has a large impact on the convexity problem.

It can be politically difficult to push any changes that materially reduce bank
insiders’ ability to benefit from taking risks with other people’s money. But it is a step
forward to recognize the magnitude of the convexity problem, and to acknowledge which
potential measures do and do not materially address it. Furthermore, addressing convexity
should be a higher priority for regulators than short-termism. Short-termism, after all, is an
agency cost, a conflict between shareholders and management, and therefore a typical
governance problem. If shareholders are reasonably empowered in general, they should
not require extra government assistance in arranging pay structures that align managers’
incentives with their own. Indeed, most banks in the United States have already
incorporated sale restrictions and deferral and clawback provisions in compensation to
achieve this. However, convexity is not a problem that shareholder governance will solve,
and itis a direct conflict of interest where the shareholders may take risks for which the
taxpayer bears the potential downside. Convexity is therefore a proper object for policy
intervention, and the magnitude of the problem urges swift and effective actions to address
it.
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