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Abstract

Regulating bank risk-taking is challenging since banks know more than regu-
lators about the risks of their portfolios and can make adjustments to game regu-
lations. To address this problem, I build a tractable model that incorporates this
information asymmetry. The model is flexible enough to encompass many reg-
ulatory tools, although I focus on taxes. These taxes could also be interpreted
as reflecting the shadow costs of other regulations, such as capital requirements. I
show that linear risk-sensitive taxes should not generally be set more conservatively
to address asymmetric information. I further show the efficacy of three regulatory
tools: (1) not disclosing taxes to banks until after portfolio selection, (2) nonlin-
ear taxes that respond to information contained in banks’ portfolio choice, and (3)

taxes on banks’ realized profits that incentivize banks to reduce risk.
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1 Introduction

Modern banking regulation generally aims to be risk sensitive. For example, under the
current Basel III framework, the primary determinants of capital requirements are risk-
based measures that aim to assign higher requirements to riskier portfolios. Risk weights
are a major input into these measures, which reflect regulators’ best guess of the risks of
different exposures within banks’ portfolios.

However, regulators typically know less about risk than banks, which can expose
these frameworks to potential gaming. When regulators underestimate an asset’s risk,
banks can take advantage by overweighting it in their portfolios. Therefore, a common
heuristic among regulators is to be conservative on average, under the theory that such
conservatism will counterbalance this gamingE] However, it is unclear under which cir-
cumstances this heuristic should work or whether there are better ways of addressing
banks’ information advantage. Furthermore, there has been surprisingly little theoretical
work on this topic, despite its practical importance. In this paper, I build a tractable
model to address the question of how to regulate banks’ portfolio choice in the presence
of asymmetric information, which takes into account that banks will game the regulations
ex-post.

In this model, a bank selects its portfolio among a wide range of assets, which I
interpret as reflecting investments in different granular subsectors (e.g., an asset might
represent all loans to small biotechnology companies), subject to regulatory constraints.
While these constraints can take many forms, for tractability, I focus on a regulator
setting risk-sensitive taxes. These taxes could be interpreted as literal taxes or as shadow
costs from quantity-based regulation, such as capital requirements. Each asset has a
different level of risk, measured as its beta with respect to a single systematic risk factor,
and profitability. Information asymmetry exists because the bank perfectly observes each
asset’s risk and profitability, while the regulator only receives a noisy signal of risk. The
bank and regulator share the objective of increasing profitability and decreasing risk,
but bank risk-taking imposes a social externality that the bank does not internalize.
Therefore, the regulator wants to reduce the riskiness of the bank’s portfolio, but also
recognizes the social costs of the bank forgoing profitable investments.

The major contribution of this paper is to develop a tractable and flexible framework
that researchers can use to model regulation of bank portfolios under asymmetric infor-
mation. The framework is rich enough to serve as a baseline for analyzing a wide range of
regulatory tools and information asymmetries, but is still simple enough that most results

can be solved by hand. I demonstrate how this framework can be used by applying it

! This observation comes from the author’s personal experiences working in banking supervision.



to analyzing three regulatory tools: (1) not disclosing taxes to banks until after portfolio
selection, (2) nonlinear taxes that respond to information contained in banks’ portfolio
choice, and (3) taxes on banks’ realized profits meant to align the incentives of the bank
and the regulator.

Before analyzing these tools, I begin by considering a familiar baseline: an asset-
specific linear tax, which is similar to the linear risk weights used in most current capital
regulation. Assuming a linear social cost to risk exposure, the regulator’s optimal policy
is to set the tax exactly equal to the expected risk given their signals. Contrary to
common intuition, the bank’s ex-post gaming of regulations does not mean the regulator
should set taxes conservatively (i.e., higher than expected risk). The reason is that,
in this environment, the costs from setting overly high taxes (i.e., dissuading socially
optimal investments) cancel out the costs from setting overly low taxes (i.e., banks taking
more risk than is socially optimal). Therefore, bank strategic behavior is not a rationale
for conservatism by itself: nonlinearity of social costs or underweighting the benefits of
profitable investments are necessary] I then consider how the three regulatory tools can
address this asymmetric information problem.

The first tool is strategic nondisclosure. Specifically, I consider a case in which the
regulator sets a linear tax on exposure to each asset but does not reveal the magnitude
of this tax to the bank until after it has selected its portfolio. Thus, the bank must then
select its portfolio based on its best guess of these taxes. If the bank has no information
about the regulator’s signals, then the bank guesses that taxes will be calibrated correctly
on average, which achieves the regulator’s first-best outcome. However, even if the bank
has imperfect information about the likely size of the tax, nondisclosure can still reduce
the bank’s ability to game regulation. In practice, nondisclosure is used in stress tests
since banks do not fully know the regulator’s model. The model supports maintaining
opacity in stress testing since it reduces banks’ ability to take advantage of weaknesses in
the stress testing models, similar to the conclusion in |Leitner and Williams (2023). How-
ever, nondisclosure could also be applied more broadly, including limiting the disclosure
of asset-specific risk weights.

The second tool is a nonlinear tax on risk exposures. The bank investing more in
an asset reveals information about its riskiness, which the regulator can incorporate by
conditioning the tax rate on the bank’s investment. Specifically, the regulator optimally
sets the marginal tax equal to the regulator’s estimate of risk, conditional on the bank’s
investment in that asset (along with the regulator’s other information). This policy

naturally leads to a nonlinear tax. Depending on the model’s parameters, this nonlinear

2While this paper takes a Bayesian perspective, accounting for model uncertainty by optimizing with
respect to worst-case scenarios does not necessarily justify conservatism. Worst-case scenarios could
include setting overly high taxes that prevent socially efficient investments.



tax could be increasing or decreasing. For example, if the bank invests more in riskier
assets on average, then the regulator will optimally raise the marginal tax rate as the
bank invests more. However, in certain cases, the bank might be investing more in an
asset because it has lower risk, in which case a regulator would decrease marginal taxes.
A nonlinear tax may also not be possible to implement if there is a sufficiently large
divergence between the incentives of the bank and the regulator. The most direct policy
implication here is that regulators should respond to banks’ portfolio choices, whether
through formal policies, such as adjusting risk weights based on the concentration of
banks’ investments, or informal ones, such as calibrating shocks in stress tests based on
those same concentrations ]

The third tool is a tax on ex-post profits that aligns the bank’s risk-taking incentives
with the regulator’s incentives. The tax reduces the expected return that banks receive
for taking a given amount of risk, which worsens the bank’s after-tax risk-return tradeoff
and effectively makes the bank more risk averse. If perfectly calibrated, this type of tax
can perfectly align the incentives of the bank and the regulator. A flat tax on profits
is not sufficient: Even though a flat tax reduces banks’ after-tax profits, it also reduces
their after-tax portfolio risk in a similar way and thus does not change the risk-return
tradeoff. One way to alter the risk-return tradeoff is to have a state-dependent tax that
is higher during “good times” (i.e., when the stochastic discount factor (SDF') of banks’
investors is lower). Since banks’ profits are typically higher during booms (which reflect
“good times”), a progressive tax on profits could approximate the outcome of a perfectly
calibrated tax, similar to the progressive tax proposed by John et al. (1991), to align the
incentives of banks’ shareholders. Such a policy could reduce risk-taking incentives at
banks (or other financial institutions), even when regulators have little insight into those
risks.

While this paper is not the first to consider asymmetric information in the context
of banking regulation (for example, see (Giammarino et al.| (1993)), Chan et al. (1992),
Wu and Zhaol (2016), [Perotti and Suarez| (2018)), and |Leitner and Williams| (2023))), the
main high-level difference is its focus on portfolio choice, which considers that banks
can invest in many assets and potentially game regulations by tilting their investments
towards assets whose risks are underestimated by regulators. Therefore, this paper can
address policy questions such as how regulators should specify asset-specific risk weights
that take into account information asymmetries. Additionally, this paper considers a
substantially different set of tools to address this problem.

This paper is structured as follows. Section [2| lays out the model. Section [3| covers

3The informal approach is similar to the proposal in (Greenwood et al.| (2017) to consider areas of high
growth or profitability for banks when calibrating shocks used in stress tests.



regulation based on taxing expected risk exposure, including both linear and nonlinear
taxes. Section {4 covers regulation based on nondisclosed taxes, which are not revealed
to the bank until after it has selected its portfolio. Section [5| covers regulation based on
taxing banks’ profits to reduce their effective risk aversion. Section [6] describes the policy

applications. Section [7] concludes.

1.1 Related literature

This paper relates most strongly to three broad strands of literature, including papers
that study (1) information asymmetries between banks and regulators, (2) the effect of
capital regulation on bank portfolio choice, and (3) the effect of taxes on banks.

The most closely related papers address information asymmetries between banks and
regulators. [Perotti and Suarez| (2018)) consider optimal regulation when bank illiquidity
imposes an externality, similar to how bank risk-taking imposes an externality in this
current paper. They consider the use of both Pigovian taxes as well as quantity-based
regulation, taking into account regulators’ uncertainty with respect to banks’ investment
opportunities and gambling incentives, in the spirit of |Weitzman| (1974). One recent
strand of literature considers model secrecy in the context of stress tests, including Leitner
and Williams| (2023)) and [Kim et al.| (2024)). At a high level, these papers address questions
along the lines of how strictly to calibrate stress tests overall and whether to reveal enough
information about the models so that banks can determine whether they are passing on
their own. |Giammarino et al.| (1993), Chan et al.| (1992), and Wu and Zhao (2016)) are
other papers that address asymmetric information between banks and regulators across
different contexts. The key differentiating factor of my paper is its focus on calibrating
asset-specific taxes or risk weights, including how to limit banks’ ability to game those
calibrations.

The second strand of related literature addresses optimal capital regulation for banks,
and particularly the impacts on portfolio choice. [Kim and Santomero| (1988)) derive the
optimal risk weights for a regulator with full information on asset riskiness with the goal
of limiting failure probabilities below a certain level. |Rochet| (1992) similarly derives
optimal regulatory policy, both in terms of asset risk weights for capital requirements
and pricing of deposit insurance, for a regulator with full information. More recently,
Glasserman and Kang| (2014) consider the problem of a regulator choosing optimal risk
weights, including a case in which the regulator does not know the mean return of each
asset. The main difference is that this paper focuses on the problem of a regulator with
limited information about the riskiness of individual assets, whereas the regulator in their
paper has full knowledge of each asset’s riskiness. (Greenwood et al.| (2017)) contains a

simple model evaluating how various forms of bank capital regulation affect portfolio



choice, and the paper discusses how different types of regulations are subject to gaming
by banks. While the broad topic of gaming regulations is closely related to the current
paper, their model does not explicitly incorporate asymmetric information.

The third strand of related literature discusses how tax policy affects bank behavior,
which is particularly related to this paper’s results on taxing banks’ ex-post profits.
John et al.| (1991) is the most relevant, in that they propose setting a progressive tax
to mitigate banks’ incentives to tax excessive risks. Shackelford et al. (2010) discuss
various ways in which taxation may be used to address externalities in the financial
sector. They note that information asymmetries make Pigouvian taxation to address
these externalities difficult and broadly discuss how financial transactions taxes, taxes
on bonuses, and levies on banks may partially mitigate those externalities. Empirically,
Celerier et al| (2019) empirically demonstrate the impact of Belgium’s adoption of an
equity subsidy, which allowed banks to deduct an estimate of the cost of equity from
their taxes, on the composition of their portfolio. They show that the equity subsidy led
banks to shift toward holding more loans rather than government bonds. And while not
directly related to banks, this paper relates to a longstanding literature on the impact of
taxation on risk-taking in general, such as in Domar and Musgrave (1944)) and Stiglitz
(1969).

2 The general framework

This is a single-period model containing a bank and a regulator. There are many assets
whose riskiness (which is reflected by each asset’s beta with respect to a common risk
factor) and expected returns are drawn from known prior distributions. Although the
framework is general, I think of a single asset in the model as mapping to an investment
in some granular subcategory, such as “loans to small biotechnology companies.” The
bank observes the betas and expected returns, whereas the regulator only receives noisy
signals of each. The regulator can use these signals to establish regulatory constraints,
which in general can take many forms, and then the bank selects its investments subject
to those constraints.

I typically assume that the bank’s starting equity is exogenous, although Section [B|in
the appendix considers the case in which the bank endogenously selects its desired level of
equity. Without loss of generality, I normalize the bank’s starting equity to one, so that
all quantities can be interpreted as relative to the bank’s total capital. Large quantities
of investments in risky assets correspond to high leverage since banks must issue debt
(whether as deposits or other forms) to fund those positions.

There is a continuum of risky assets indexed by i € [0,1]. The bank selects ¢;, its



quantity of investment in asset i. The overall expected excess return to investing in asset
118 a;q; — gqf I assume that ¢ > 0, so that there are diminishing returns to investment.
¢; may be negative, which can be interpreted as the bank taking a short positionﬁ

Each asset is exposed to a single systematic factor F' with an asset-specific [3; loadingﬁ
Without loss of generality, I set E[F| = 0 and Var(F) = 1. Thus, each asset ¢ has a
payoff X; of the formﬁ

c
Xi=a; — 5t + BiF. (1)

The bank’s objective is to maximize its market value, which is given by
Ep[M(II-T)], (2)

where Il = fol ¢; X;di is the bank’s pre-tax profit, T' represents potential taxes paid to
the regulator, M is the investors’ stochastic discount factor (SDF), and Ep denotes an

expectation with respect to the bank’s information set. I assume that the investors” SDF

i<l
M =1-—-~F, (3)
which implies that the bank maximizes
Ey[(I1 - T)] — 4Covp((1 - T), F) (4)
= /01(@%' - ngz —VBiqi)di — E[T] — yCovp(T, F). (5)

The v term reflects the price of exposure to the systematic factor F', which the bank’s
investors cannot diversify away. While the v term could potentially reflect many forces,

it is easiest to think of it as representing investors’ risk aversion. The bank internalizes

4Banks could either literally be taking a short position or achieving similar exposures through other
means. For example, a bank might take a short position on a credit exposure through buying a credit
default swap.

5The portfolio-invariant risk weights in Basel II and III can be justified by the assumption of a single
systematic factor, as discussed in |Gordy| (2003)). However, the assumption of a single factor is not as
important in this paper’s framework. As will be explained in more detail shortly, risk in the context of
this paper is based on covariance with the investors’ SDF rather than the variance of the bank’s portfolio.
Under the SDF-based measure of risk, each asset’s risk contribution does not depend on the rest of the
portfolio even if there are multiple systematic factors.

6For simplicity, I assume that there is no idiosyncratic risk. Since there is a continuum of assets, the
idiosyncratic risk would be diversified away and would therefore not affect the model’s results.

"While the SDF can technically become negative for large values of F, this issue is not a concern for
my application. This SDF results in a price of v per unit of exposure to the systematic risk factor, which
leads to a more tractable model.



the price of risk exposure and only increases exposure to the systematic factor if justified
by the profits.

Here, I emphasize that risk is measured based on the bank’s portfolio beta rather than
the variance. A negative beta portfolio is considered less risky than a zero-beta portfolio
because it provides the bank’s investors with insurance by paying out during “bad times”
when the marginal value of wealth is high. This linear price of risk exposure matches the
approach taken by |Froot and Steinl (1998)).

The bank’s risk-taking imposes externalities 7 > 0 per unit of portfolio beta 3, =
fol q:B:di. This approach is a reduced-form way of reflecting a wide range of externalities,
including government bailouts and bankruptcy costs. The regulator’s objective is to

maximize social welfare, which is
1
Eg [MH - 77/ Qiﬁz‘di] (6)
0
! c o .
=Er | | (aq = 56 — (v +n)Big)di] (7)
0

where Fr denotes an expectation with respect to the regulator’s information set, which
will be specified in greater detail shortlyﬂ The regulator’s objective is identical to the
bank’s, except with higher effective risk aversion. The regulator is willing to allow the
bank to take more risk if the associated profits are sufficiently high, but is more conser-
vative in this tradeoff compared to the bank.

The timing and information structure is as follows. First, the (; loadings and a;
measures of investment profitability are drawn from a prior distribution known to both
the bank and the regulator. Then, the regulator receives a noisy signal Bl for each asset.
These signals reflect the regulator’s imperfect information each asset’s riskiness. Next, the
regulator uses this information to determine regulatory constraints on the bank. There are
several types of regulatory constraints, but one example is the regulator selecting a tax k;
that the bank must pay for each unit of exposure to asset 7. This cost could be interpreted
as either a direct cost, such as a premium for deposit insurance, or an indirect cost, such
as the cost of higher capital requirements for a position. These payments represent a
private cost to the bank but do not affect social surplus. Finally, the bank optimally
selects its portfolio knowing the true f; and a; parameters, reflecting superior knowledge
of assets’ riskiness, subject to paying any costs or following any constraints imposed by

the regulator.

8In principle, the bank’s investments might also produce positive externalities that the regulator takes
into account. For simplicity, I'll assume that there are no such externalities, which means that the bank
is capturing all social surplus. However, if positive externalities were included in the model, the regulator
would additionally include a subsidy that reflects these positive externalities.



In determining optimal regulation, the regulator faces a tradeoff. Since the regulator
has a higher effective risk aversion than the bank, the regulator wants to reduce riskiness.
But regulations meant to reduce riskiness might lead to socially inefficient investments,
which reduce social welfare.

The processes for each asset’s true profitability and beta are

B+ (8)

Bi b
+ x(Bi — B) + uf, (9)

I
ol

2

where u¢ and u? are mean-zero independent normal random variables with variances o2,

2
ub?

X is an important parameter that determines the strength of the relationship between

and o7, , respectively. Therefore, the draws of a; and (; are independent across assets.
each asset’s true risk and its baseline profitability. Since there is typically an equilibrium
relationship between risk and return, it may be tempting to think that a; should be
strongly positively related to §; (i.e., that x should be large). However, this relationship
is typically between risk and the marginal return. In this model, a; only reflects the
initial marginal return starting from zero investment in an asset, whereas a; — cq; reflects
the equilibrium marginal return. In equilibrium, investment in a highly profitable asset
will drive down that asset’s marginal return until it exactly compensates for the asset’s
risk. There is no similar logic for why the initial marginal return, a;, should inherently
be strongly related to ;. Therefore, I do not restrict the value of y.

For each asset, the regulator receives a single signal

N

Bi = Bi + e, (10)

where e; is a mean-zero normal random variable with variance o2. e; are independent
across assets.

Based on this signal structure, the regulator’s expectation of ; conditional on ob-
serving BZ is

~ — 0'2b ~ _
FElB:\8:] =8+ —%—(8; — 11
613] =B+ 55 (i~ 5) (1)
——

Op

based on formulas for Bayesian updating with normally-distributed random variables.
This signal structure is a tractable representation of regulators having less information

about asset riskiness than banks. In practice, this information asymmetry could arise for

many reasons. Banks could have better access to data, more staff, and a more specialized

focus on particular products. This asymmetry could also potentially reflect a timing



effect, since risk weights may not be calibrated to the most recent market data. In that
case, banks would have an information advantage from using more recent data.

Since my focus is on how to address an information asymmetry, I assume that the
signal structure is exogenous. In principle, a regulator might also address this information
asymmetry by gathering additional data. Information acquisition could be modeled by
allowing the regulator to pay a cost to improve the precision of the B signal. However,
since my focus is not on optimal information acquisition and since including it would

greatly complicate the model, I take the information structure as given.

2.1 No regulation

To build intuition for the cases involving regulation that follow, I begin by considering
the bank’s problem when there is no regulation.

In this case, the bank solves

1
c .
maX/ (ag; — 5(]12 — vBiq;)di, (12)
0

{q:}

which quickly leads to the solution

L4 = 8. (13)

qi = —
c

The bank’s investment in an asset increases in a; and decreases in ;. All else being equal,
banks do not like to take risk and will only do so if they are sufficiently compensated for
it. Common intuition is that banks will take advantage of weaknesses in regulation to
increase their risk, but this intuition is only true if that risk is sufficiently compensated.

The a; — v3; term will appear in future results. I call this term the “initial risk-
adjusted return.” In this model, the bank’s marginal return from investing in asset i is
a; — q;, S0 a; represents the marginal return prior to making any investment (i.e., when ¢;
is zero). Since the bank dislikes beta exposure with a cost of 7, the —vf; term represents
a risk adjustment from the bank’s point of view.

Whether banks invest more in high-beta assets depends on the relationship between

each asset’s initial risk-adjusted return and its beta. Specifically, it depends on whether

Cov(q;, ;) = Cov (%(ai -5, 5i> (14)
=~ Cou ((x — )+ uf, ) (15)
= (v -0 (16)

10



is positive or negative. This relationship will be positive when y > 7, which means that
higher betas are associated with higher initial risk-adjusted returns on average. Since y
could take on any value, this relationship could, in general, take either sign.

Next, I consider what the portfolio beta and expected return look like in this case.

The portfolio beta is

1

Using the fact that draws of a; and S; are independent across assets and applying the

law of large numbers implies that the expected portfolio beta is
E[By] = ElgiB8i] = Elg]E[Bi] + Cov(g;, 5i). (18)

This familiar last term will determine how the portfolio beta compares to what would be
expected ignoring the link between risk and portfolio choice. If this term is positive, the
bank will adjust its portfolio to scale up risky investments. If this term is negative, it

will adjust its portfolio to scale down risky investments.

2.2 The first-best solution

Here I consider the first-best outcome, in which the regulator knows the true a; and f;
parameters and directly selects investment quantities ¢; to maximize social welfare. In

this case, the regulator maximizes

1
C .
maX/ <aiQi — = — (v + 77)@-%) di, (19)
{a:} Jo 2

where there are no expectations due to the regulator’s perfect knowledge of all parame-
ters. I will focus on understanding the behavior of the unconditional expectations of the

portfolio beta, portfolio return, and social welfare.

Proposition 1. In the first-best case, equilibrium investment in asset i is
1
¢i = —(ai = (v +1)5). (20)
The equilibrium expected portfolio beta is

E[By] = = (Ela:Bi] — (v +n)E[B]]) - (21)

ol
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The equilibrium expected portfolio return is

Blu) = - (Bla?] ~ (v + 0V EI52) (22)
The equilibrium social welfare is
1
Elpp = (v+m)By) = 5 Ellai = (v +m)B)7). (23)
Proof. See Section [D.1] O

The most interesting result is that social welfare depends on the expectation of a; —
(v + 1) B; squared. This term can be interpreted as the initial risk-adjusted return from
the regulator’s point of view. Whenever the initial risk-adjusted return differs from zero,
the bank can make socially efficient investments. As these differences rise, the amount of
socially efficient investments also rise, which increases social welfare. Even investments
with negative initial risk-adjusted returns can create social value since banks can take
short positions.

The socially optimal investment in asset ¢ matches the case without regulation, except
with an effectively higher risk aversion of + + 7 instead of ~.

I also introduce a general result that is useful for calculating expected social welfare

under various cases.

Proposition 2. For all given random wvariables q; representing a bank’s investment

choice, the expected social welfare can be expressed as

C

= (Bl@" - Bl — ")), (24)

where the first-best investment is

" = (i~ ()6 (25)

Proof. See Section [D.2] O

Intuitively, social welfare can be decomposed into one piece that depends on welfare
under the first-best case and another piece that depends on deviations away from the
first best. These deviations from the first best reflect the impact of socially inefficient
investments. A particularly useful application of this result is comparing social welfare
between two cases, for which it only becomes necessary to calculate the expected squared

deviations from the first-best case.

12



3 Regulation through taxing estimated risk

Here 1 consider how a regulator might use taxes on banks’ estimated risk to regulate
their risk-taking. In interpreting the results, literal taxes are not required but instead
something that imposes a direct or indirect cost to the bank. For example, risk-sensitive
deposit insurance premiums would be a direct cost, while higher steady-state capital
requirements would be an indirect cost. Section [A] discusses the relationship between
setting taxes and capital requirements in further detail. Additionally, this section assumes
that the bank’s starting level of equity is exogenous. Section discusses an extension
in which the bank selects its desired level of equity.

3.1 Linear tax

Here the regulator picks a tax k; that the bank must pay for each unit of asset ¢. The
proceeds of this tax do not have any social benefit, so they don’t enter the regulator’s

objective function, but the bank optimizes conditional on the tax. The bank solves

1
c .
max/ (aiq; — =4} — VBigi — kiqi)di, (26)
{a} Jo 2

taking k; as given. The regulator solves

{k:}

1
c .
max F'r [/ (a;q; — 5%2 — (v +n)Big)di| , (27)
0

taking into account how the choice of k; affects the bank’s choice of ¢; as well as infor-

mation contained in the signal BZ

Proposition 3. The bank optimally selects
1
4 = E(ai — B — ki). (28)
The regqulator optimally selects
ki = nEg[Bi]. (29)

The equilibrium social welfare relative to the first-best is

— e rPVar(5 — Exlf). (30)

Proof. See Section [D.3] O
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The regulator’s optimal policy is to set the tax equal to the expected risk given
signals. At first glance this result may seem straightforward, but it runs counter to
common intuitions. Financial regulation is often calibrated conservatively based on the
argument that banks will take advantage of weaknesses in the regulatory framework. If
the regulator underestimates an asset’s risk, then banks will overinvest in that asset.
Calibrating regulations to be more conservative than the regulator’s expectations is then
argued as necessary to prevent this type of gaming.

This force exists in this model since banks will overinvest in assets if regulators un-
derestimate their risk. But the optimal solution is not conservative because such conser-
vatism is costly. If regulators overestimate the risk of an asset, then banks will underinvest
and, thus, forgo socially-desirable investments. Due to the specification of the risk-taking
externality, n3,, as a linear function, the costs of overinvestment and underinvestment
are similar and, therefore, the regulator targets their expectation of optimal investment.

Extensions that allow for a convex risk-taking externality, so that the extra costs of
too much risk are substantially more than the benefits of reducing risk, can give rise
to conservatism. Although even in these extensions, idiosyncratic uncertainty about the
risks of individual assets is not sufficient to generate conservatism since idiosyncratic
uncertainty diversifies across the portfolio. Instead, there also needs to be systematic

uncertainty. Section [C] covers the topic in more detail.

3.1.1 Is a linear tax better than command?

Here I consider whether a linear tax outperforms the command case, in which the regula-
tor directly selects the bank’s investments. Intuitively, it would seem that the linear tax
would always outperform since it controls for the expected externality while still allowing
the bank to make use of its private information. However, for certain parameters, it is
better for a regulator to select investments directly.

In the command case, the regulator optimizes

1
c .
max Fr [/ (aiqi — =q; — VBiqi — kiqi)di | , (31)
{ai} 0 2

which leads to the solution
com 1
"= (Erlai] — (v +n)ER[Bi]) - (32)

Proposition 4. Social welfare under the command case relative to the first-best is
1 5 ~
—5avar(@ = (v +m)B). (33)
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Social welfare under the command case is higher than in the linear tax case when
2(y +n)Cov(a, B;) > Var(a;) + (v + 2n)Var(5;), (34)

where & = x — Eglz] is the expectational error of the requlator.

Proof. See Section [D.4] O

This expression illustrates that there are some circumstances under which the com-
mand case would be preferred to the linear tax.

A necessary, but not sufficient, condition for command to be preferred to a linear tax
is for C’ov(di,ﬁi) > (0. In that case, when the regulator underestimates the beta, the
regulator also likely underestimates the expected return. The bank would then be more

likely to invest more in assets for which the regulator has underestimated the risk.

3.2 Nonlinear tax

Here the problem is similar to before, except that instead of picking a single linear tax
governed by k;, the regulator sets a nonlinear tax schedule k;(g;). These nonlinear taxes
will implicitly make use of information contained in the bank’s choice of ¢;. All else being
equal, banks prefer to increase ¢; when expected returns are high (i.e., a; is high) or risk
is low (i.e., f; is low), so the bank’s choice of ¢; is a signal of the combination of these
two parameters. Using the nonlinear tax is essentially a way for the regulator to set a
tax conditioned not only on the signal Bi, but also on g;.

More specifically, the bank observes the choice of k;(¢) and then selects its portfolio

taking the tax function as given. The bank therefore maximizes over quantities

1
C .
max / (aiqi — =q¢ — vBiqi — ki(q:))di, (35)
{a:} Jo 2

while the regulator maximizes over taxes

1
C
max F CLZ',L'——Z-Q— + Zldl, 36
(max, [/0( ¢ = 54 — (v +m)bia) (36)

taking as given the bank’s optimal choice of ¢;. Since adding a constant to taxes has no
effect on the bank’s choice, I select tax schedules that charge banks zero if they make no
investments (i.e., k;(0) = 0).

Proposition 5. The bank’s optimal choice of q; satisfies
1 /
q; = Z(ai =8 — ki(a:)), (37)
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and the requlator’s optimal tax k;(q;) satisfies

Ki(a:) = nE[Bil g, 51 (38)
= nE[Bila; — B, Bz] (39)
X—7
= +y(a; — v5), (41)
where
_ 1/o?
A, T+ (=P )
_ (X - ’7)2/0-311
1, T 1+ (- P )
are the updating weights placed on the signals Bl and a; — vB; respectively and
o= (Bl + e (220 (44)
X—7
Yy = » i fng. (45)

A nonlinear equilibrium only exists for y < 1, which can be characterized by x —~v < 0

or X — 7y > nwsy. In this equilibrium, the bank optimally invests

6= 1 (=)o = 75) ) (16)

and the requlator optimally sets a quadratic tax of the form

x ¢ Y 2
k(g;) = 4+ — [ —Z— ] g 4

Otherwise, the regulator sets a linear taz.
Proof. See Section [D.6] O

In the case of a linear tax, the regulator sets the tax equal to their best guess of
the beta. In the case of a nonlinear tax, the regulator sets the marginal tax equal to
their best guess of the beta, taking into account the information contained in ¢;. In this
environment, the regulator’s expectation of beta is linear in ¢;, so the marginal tax is also
linear in ¢; and the level of the tax is quadratic in g;.

The regulator observing ¢; is equivalent to observing the risk-adjusted return a; — ;.

This equivalence holds because the risk-adjusted return is the only part of the bank’s
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choice of ¢; that the regulator does not know. Furthermore, the risk-adjusted return is a
noisy signal of 5;, which then affects the regulator’s desired marginal tax.

The nonlinear equilibrium only exists for xy —+ < 0 or x — v > nws. Since wy € [0, 1],
X —7 > n is a sufficient condition. These parameter restrictions correspond to the case in
which equilibrium investment ¢; increases as the risk-adjusted return a; — v; increases.
Otherwise, the regulator would want the bank’s investment to fall as the risk-adjusted
return rises, which cannot be implemented with a nonlinear tax due to the divergence
between the incentives of the bank and the regulator.

When y—~ < 0, assets with higher betas have lower risk-adjusted returns, on average,
so banks invest less in riskier assets on average. Since the regulator prefers the bank to
invest less in riskier assets as well, they are directionally aligned (although the bank and
regulator differ on their desired investment magnitudes). In that case, the bank investing
more indicates that an asset is less risky, so the regulator reduces the marginal tax rate
as the bank invests more.

For the other case, consider the sufficient condition x — v > 7. In that case, assets
with higher betas have such higher risk-adjusted returns, on average, that the regulator
prefers the bank to invest more in risky assets. Since the bank prefers to invest more in
risky assets as well, they are also directionally aligned. In that case, the bank investing
more indicates that an asset is riskier, so the regulator raises the marginal tax rate as
the bank invests more.

The takeaway is that nonlinear taxes can allow the regulator to take advantage of
additional information from the bank’s investment decisions, but only when both of their
incentives are sufficiently aligned. Otherwise, there is not an equilibrium in which the
bank reveals its information.

For a straightforward extension of the model in which the prior distributions of a; and
[; vary across assets, such as by allowing asset-specific x parameters, the regulator might
implement a nonlinear tax for specifically for those assets where incentives are sufficiently

aligned and a linear tax for the rest.

4 Effects of nondisclosure

Here I consider the policy of specifying taxes, similar to Section [3] but with the added
twist that the regulator does not reveal these taxes to the bank until after they have

made their portfolio choice.
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4.1 Fully undisclosed linear tax

In this case, the regulator specifies a linear tax, but the bank does not know the value of
this tax until after it has selected its portfolio. One interpretation is that this scenario
is similar to a stress test in which the bank does not know the regulator’s model. While
not implemented in practice, another interpretation is that the bank selects its portfolio
and the regulator only reveals the associated risk weights after the fact.

In this situation, the bank solves

1
c 4
max/ (aiqi — =q; — vBiqi — Eplkilq:)di, (48)
{ai} 0 2

where the bank’s information set does not include the regulator’s signals. Meanwhile, the

regulator solves

1
c )
max Fg [/ (aiqi — =a; — (v + ) Bigi)di | (49)
{k:} 0 2

taking into account the bank’s choice function. I solve for the set of solutions {¢;} and

{k;} that jointly solve each optimization problem.

Proposition 6. One solution is for the bank to select

6= (o= (v +0)B) (50)

and the requlator to select

ki = np;. (51)
This solution achieves the first-best outcome for the requlator.

Proof. See Section [D.7] O

To understand why this approach achieves the first-best outcome, note that the bank’s

expectation of the tax is
Eplki] = nEp([Bi] = nEs[B; + e;] = np:. (52)

Intuitively, the bank expects that the regulator will set the tax correctly on average.
Therefore, the bank invests as though the regulator had set all of the taxes correctly.
Recall that Bl # FEgr[Bi], so the regulator is not setting the tax equal to their best

guess of the true beta. The rationale is that the regulator wants the tax to respond
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one-for-one to changes in the true underlying beta. The regulator’s best guess of the true
beta, Eg[B;], includes some regularization toward 3 that typically results in a response
that is less than one-for-one.

For practical application, the lesson here is that when regulators are not sharing
ex-ante details about taxes, they should respond very strongly to any information they
receive about an asset’s riskiness. Otherwise, banks will assume that regulators will not

adjust taxes sufficiently in response to information.

4.2 Partially disclosed linear tax

In practice, banks may have some sense of deficiencies in regulators’ models, even if
they may not have full knowledge of those models. For example, banks may learn about
some features of regulators’ stress testing models. In a dynamic setting, a bank may
have learned some information from regulators’ prior actions. I model banks’ partial
knowledge of regulators’ models by giving banks noisy signals of the regulator’s signals,
which banks can use to guess the likely level of tax that regulators will specify.

The set-up is exactly the same as before, except now banks receive a noisy signal of

the regulator’s signal of the form
s = B + wi, (53)

where w; are independent across assets and are normally distributed with mean zero and
2

variance 0.

Proposition 7. If the bank receives noisy signals of the requlator’s signals, then a requ-

lator’s choice of the optimal k; must satisfy
Er|Eplki]] = nEr[Bi]. (54)

One solution satisfying this condition is for the regulator to set

_ 0, .
k; = +  — , 55
where
2
o
0 = ——4 56
b o2, + o2 (56)
2
o
o = s 57
o2+ o2 (57)
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0, is the weight that the requlator places on the signal Bi, and 0, is the weight that the

bank places on the signal s;.

Proof. See Section [D.§ O

Intuitively, the condition for the optimality of k; is that the regulator’s best guess of
the bank’s best guess of the regulator’s tax equals the regulator’s best guess of the risk
externality imposed by the portfolio. Put another way, the regulator wants to calibrate
the tax to give the bank the correct incentives on average.

Existing results emerge as special cases of this framework. First, if the bank has a
perfect signal of the regulator’s information, then o, = 0. This case is equivalent to when
the regulator pre-announces the loadings, in which case the result is k; = nEg[f;]. Second,
if the bank has no idea of the regulator’s information, which is modeled as ¢,, — 0o, then
0., — 0, which matches the earlier result of the regulator setting k; = nﬁi.

In the intermediate case, as the bank’s signal of the regulator’s signal becomes noisier
(i.e., the variance of w; rises), the regulator places greater weight on Bl than they would
in the case of optimal Bayesian updating, but does not place full weight on it as they

would in the case of a fully undisclosed tax.

4.3 Nondisclosure with an aversion to idiosyncratic volatility

A potential concern with nondisclosure of taxes is that it exposes banks to additional
uncertainty over their future cash flows. In the baseline framework, banks are only averse
to systematic risk, so this additional uncertainty does not pose any cost. But, in practice,
factors such as capital market imperfections may make banks averse even to idiosyncratic
volatility (Froot and Stein), [1998]). Therefore, nondisclosure can pose costs to banks that
the baseline framework does not capture.

To incorporate these costs, I add a ~; term reflecting banks’ aversion to idiosyncratic
volatility resulting from the uncertain taxes. One important question is whether the
regulator considers idiosyncratic risk as imposing a social cost or not. To capture a wide
range of possibilities, I assume that the regulator recognizes a social cost n; associated
with the bank bearing idiosyncratic volatility. Since the regulator already recognizes
indirect effects of volatility affecting banks’ portfolio choice, the 7n; term reflects only
the direct costs of the bank bearing idiosyncratic volatility, even controlling for portfolio
choice.

For tractability reasons, I focus on the simpler case in which there is only one asset.
In this case, the idiosyncratic risk only comes from the tax on the single asset. In the

case with multiple assets, idiosyncratic risk will depend on the volatility of taxes across
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many assets, in which case the correlation of the errors becomes important. To avoid

introducin