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Two policy instruments for the banking sector are investigated, namely systemic risk
taxation and constructive ambiguity about bailout policy. Bailout expectations can induce
moral hazard in the form of excessive risk taking by banks. Systemic risk taxation induces
banks to prefer uncorrelated investments, leading to lower systemic risk formation.
Constructive ambiguity generates uncertainty about bailout prospects. However, systemic
risk taxation also may inform banks about the regulator's concern for financial stability
and thereby its bailout policy. This result leads to a trade-off between systemic risk
taxation and constructive ambiguity and highlights the need to consider interdependence
across policies when evaluating their effectiveness.

& 2016 Elsevier B.V. All rights reserved.
1. Introduction

Achieving two distinct objectives is possible only if at least two independent policy tools are at a regulator's disposal
(Tinbergen, 1952). In a similar vein, the pursuit of one objective with multiple policy tools may render the tools inter-
dependent. In the aftermath of the 2007–2009 global financial crisis, new macroprudential regulation reforms have sought
to ensure the stability in the financial sector (Basel Committee of Banking, 2009a,b). Recent studies investigate these
proposed regulatory tools independently with the implicit assumption and inference that policy tools are independent. Such
an assumption of independence can generate hazardous outcomes if the use of one tool might provide an indication that
another tool is likely to be used in tandem. Therefore, this study considers the potential of interdependence between two
notable policy instruments recently proposed: systemic risk taxation for banks; and constructive ambiguity in bank bailout
support (Acharya et al., 2011; Freixas, 1999; Freixas and Rochet, 2011).1 By evaluating these two policy tools in a joint
framework, the proposed signaling game demonstrates the ineffectiveness of a systemic risk tax if the tax reveals the
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Fig. 1. Game Tree.
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regulator's concern for financial stability. That is, taxation limits the regulator's ability to exercise constructive ambiguity
about a future bailout policy. If the tax reveals the likelihood of receiving bailout support, banks trade off the costs of the tax
for the benefits of a prospective bailout. Introducing a systemic risk tax therefore could even encourage excessive risk taking
by banks, rather than achieving its intended goal of curtailing such behaviour.

The methodological approach used to investigate this tradeoff parallels the efforts of Farhi and Tirole (2012) to under-
stand how the time-inconsistency problem of a financial regulator induces banks to coordinate their leverage choices
according to the prospect of bailout support. However, the focus of this study is how the tax contributes to interdependence
among policy tools, because it may reveal the regulator's concern for financial stability. With respect to endogenous policy
decisions, previous studies instead evaluate policy choices in light of speculative exchange rate attacks, anticipated inter-
ventions by the IMF, and runs on banks with weak fundamentals (Angeletos et al., 2006; Chunyang, 2013; Drazen, 2000;
Zwart, 2007).

Furthermore, the formation of systemic risk is driven in the model by banks' investment choices, which determine the
aggregate correlation structure of banks' returns. This approach therefore builds on models by Allen and Gale (2000) and
Acharya (2009) and reflects prior findings about inter-bank return dependence.2 As a key extension to Allen and Gale'
framework, the proposed model includes a regulator who sets a systemic risk tax for banks and faces a commitment
problem in its decision to bail out distressed banks. When a substantial fraction of banks become financially distressed, the
societal costs of letting distressed banks fail can force the regulator to initiate bailout support.

In the proposed model, banks have heterogeneous, imperfect prior information about the conditions that force the
regulator to initiate bailouts. This uncertainty causes the banks' investment choices to be strategic complements (Acharya
and Yorulmazer, 2007; Farhi and Tirole, 2012). As more banks suffer financial distress the cost of their failure to society
increases, which leads banks to believe the regulator is likely to initiate bailout support. These beliefs induce banks to prefer
more positively correlated returns across the industry, in that they trade off the cost of failing in a crisis state for the benefits
of more likely bailout support. To analyze this coordination problem, I use the global games methodology (Carlsson and van
Damme, 1993; Morris and Shin, 1998, 2001; Morris et al., 2003). The implications of the systemic risk tax are twofold in this
setting. First, an increase in the systemic risk tax works as a Pigovian-like tax and induces banks not to prefer jointly
correlated investments, such that it lowers systemic risk formation. Second, the tax informs banks about the regulator's
concern for financial stability and thereby reveals the likelihood of adopting a bailout policy during financial crises.

This study's results suggest that banks' knowledge of the tax level and their private information about the regulator's
inclination to initiate bailouts provide means to infer the likelihood of receiving bailout support. A regulator that appears
inclined to initiate bailout support has an incentive to conceal its stance towards bailouts and sets a low tax, in order to
assume the identity of a tough regulator that is not inclined to bail out. With a taxation strategy based on imitation, a
regulator can generate endogenously the necessary uncertainty, which a weak regulator then can exploit as constructive
ambiguity. This strategic uncertainty is driven by the observation of a low tax that does not allow banks to distinguish the
two regulator types, such that it may curtail coordination in risk taking on bailout prospects. By taking the bailout policy
into account, I argue that a systemic risk tax may not effectively curtail systemic risk formation if the tax's level reveals the
likelihood of receiving prospective bailout support to the affected banks.

With respect to policy implications, these results suggest the significant risks associated with drawing inferences about
the effectiveness of systemic risk taxation with an assumption of independent macroprudential policy tools. If the signaling
aspect of a systemic risk tax is ignored in the policy design, certain levels of taxation may signal the regulator's concern and
eliminate ambiguity about bailout policies. A consequence would be that the tax is taken for granted, because a future
2 Maksimovic and Zechner (1991) show that the risk characteristics of firms' cash flows are endogenously determined by aggregate investment
decisions in the industry. Financially distressed industry peers impose private costs on the leverage of banks and may induce risk-shifting behaviour
(Shleifer and Vishny, 1992). Rajan (1994) connects managerial short-termism and reputation concerns to decreased credit policy leniency when other
banks are likely to do the same. Acharya and Yorulmazer (2007) consider the return dependence that results when many banks coordinate on bailout
prospects.



J.J. Bosma / European Economic Review 87 (2016) 132–147134
bailout is perceived more likely. To credibly install an effective taxation policy, the costs incurred by the regulator to rescue a
bank must be sufficiently high. A higher cost associated with a bailout then allows the regulator to generate the necessary
commitment not to bail out during a crisis, such that the tax can be set without losing the ability to be ambiguous about its
bailout policy. These costs are not necessarily limited to the actual costs of a bank bailout; they also include the political
costs that regulators and politicians incur to bail out banks.
2. Model

The model builds on the framework proposed by Allen and Gale (2000) who explain financial bubbles and crises
resulting from risk-shifting behaviour of a single investor in a one-period setup. I follow both Allen and Gale (2000) and
Acharya (2009) but also extend their framework by including a regulator and many banks, to study the formation of sys-
temic risk based on inter-bank interactions. A financial regulator can implement a systemic risk tax in the first stage of the
model and extend bailout support at the end of the first period. The presence of the second stage allows banks to derive
value from a bailout. Fig. 1 outlines the stages of the game.

Banks and depositors are active in two periods that are bounded by three dates. Depositors can consume the proceeds of
their deposits at the end of the game. Banks are owned and run by the same agents, who maximize their charter value over
all periods and readjust their strategies at the start of each period. At the end of each period, the financial regulator
evaluates whether it is optimal to bail out financially distressed banks.

2.1. Banks and depositors

A continuum of banks is indexed by i and uniformly distributed over the unit interval, iA ½0;1�. A continuum of depositors
chooses to supply funds for deposits at the start of each period, denoted by Dt40, where tAf0;1;2g indexes the dates. The
amount Dt is not fixed over the periods. When a bank fails, the deposits are partially destroyed, but following favourable
times, any positive returns get reinvested. A market maker is assumed such that all funds available for deposits in a period
are equiproportional distributed among the banks, who are perceived as homogeneous by the depositors. Prior to the
depositors' choice of savings, banks have not taken any action in the model.

In a given period, banks engage in perfect competition to access the deposit market, and the rate at which banks borrow
funds from depositors is denoted by rDt . Depositors are paid at the end of a period. The funds obtained from the deposit
market constitute the only form of financing for banks. At the start of each of the two periods, banks can decide on their
allocation of raised deposits between risky assets and a safe asset, as in Allen and Gale's (2000) framework. Appendix A.1
provides a detailed exposition of the technology underlying the safe asset.

Payoffs: Banks set strategies at t¼0; if they survive the first period, they also set strategies at t¼1. At these instances,
banks determine the fraction of received deposits to be invested in the safe asset xSit and the fraction to be invested in the
risky assets xRit. In addition, banks set the level of idiosyncratic volatility risk associated with the risky assets' return σit
together with their choice of risky asset type class ρitA ½ρl;ρh�. For ρit ¼ ρh, the bank decides to invest in assets to which all
other banks have access, and for ρit ¼ ρl, the bank invests in an asset class to which only that bank has access. Then, if all
banks choose ρh, all their returns correlate, whereas if all banks choose ρl, there is minimal correlation among their assets'
returns.3

A bank fails at the end of a period if the return on the risky asset Ritþ1 and the return on the safe asset rStþ1 are
insufficient. If the return on the risky asset is below rcitþ1, the bank will be unable to repay depositors a return rDtþ1. The
critical return rcitþ1 can be inferred from the budget constraint:

rcitþ1x
R
itþrStþ1x

S
it ¼ rDtþ1ðxRitþxSitÞ; tAf0;1g:

Rearranging this condition yields rcitþ1 ¼ rDtþ1þðrDtþ1�rSt ÞxSit=xRit . If Ritþ1Zrcitþ1, the pecuniary gain for the bank owners is
denoted by

ðRitþ1x
R
itþrStþ1x

S
it�rDtþ1ðxRitþxSitÞÞ:

In this case, depositors receive rDtþ1ðxRitþxSitÞ. If the return on risky assets is insufficient, Ritþ1orcitþ1, bank owners receive
nothing, and depositors receive the remaining asset value of the bank, ðRitþ1xRitþrStþ1x

S
itÞ.

Furthermore, I follow Allen and Gale (2000) and introduce the costs associated with investing in risky assets. These costs
can arise from monitoring efforts, administration, risk management, and they are non-pecuniary. Banks have a parsimo-
nious cost function c:Rþ-Rþ which features: cð0Þ ¼ 0; c0ð0Þ ¼ 0; c0ðxÞ40; and c″ðxÞ40.
3 This conjecture reflects both empirical and theoretical findings in the literature on inter-bank return dependencies (Acharya, 2009; Farhi and Tirole,
2012; Maksimovic and Zechner, 1991; Rajan, 1994; Shleifer and Vishny, 1992).
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The expected payoff of bank i in a given period can be denoted by v: ½0;σmax� � fRþ g4-R and defined by

vðσit ; x
R
it ; x

S
it ; r

D
tþ1; r

S
tþ1Þ ¼

Z rmax

rcit þ 1

ðRitþ1x
R
itþrStþ1x

S
it�rDtþ1ðxRitþxSitÞÞdhðσit ,.Þ�cðxRitÞ; ð1Þ

where the return on the risky assets Ritþ1 � hðσit ;ρiÞ, tAf0;1g. The density hðσit ;ρiÞ belongs to the joint probability measure
Hðσit ;ρi;σ� it ;ρ� iÞ; indexed by the parameters σit ;ρi;σ� it ;ρ� i; that feature mean-preserving spreads.4 Note that σ� it and
ρ� i denote tuples that contain the composite actions of all other banks with respect to their choice of the risk parameters.
For ease of exposition, the short-hand notation of H is used subsequently to denote the probability measure corresponding
to the joint distribution of all banks' returns. The choice of risky asset class ρit does not directly affect the payoff (1), but
affects the banks' charter value through the fraction of banks who survive the first period which is discussed in Section 2.2.

At t¼1, a bank can enter a state of financial distress if the assets generate an insufficient return in the first period,
Ri1orci1. With this financial distress condition, we construct a measure, from among the surviving banks on the set of banks
that started in the first period. This measure is denoted by sA ½0;1�, such that it reflects the proportion of banks that survive
in the period between t¼0 and t¼1. A detailed description of the measure construction is available in Appendix A.2. Note
that if a bank is financially distressed it does not automatically fail, because of the possibility of being bailed out in this case
still exists. The measure s partly drives the regulator's choice whether to initiate bailout support, as described in the next
Section 2.2.

2.2. Bailout policy and systemic risk formation

Banks face two types of risk: idiosyncratic risk and systemic risk. The idiosyncratic risk component, volatility σit, affects
the probability of failure of the bank in a given period. The extent with which a bank's performance is detrimentally affected
by other bank failures is denoted as systemic risk. Bank managers do not observe other banks' choices of asset classes.
Instead managers infer the likely aggregate action of banks through their belief about whether banks receive bailout support
if financially distressed. Equilibrium choices are derived by means of backward induction.

Objective of the regulator: The regulator is concerned with maintaining financial stability. Financial stability reflects in the
paper the regulator's concern about the ensuing social costs corresponding to the failure of a substantial number of banks.
To minimise these social costs, the regulator can bail out financially distressed banks and levy a systemic risk tax. The
bailout decision depends on whether the cost of letting a bank fail outweighs the cost of saving it. The cost of letting bank i
fail depends on bank i's performance and the proportion of banks that have survived s until the bailout decision must be
made, as denoted by C(s) and feature C0ðsÞo0. Therefore, the costs C feature the notion that a single bank's failure might be
absorbed by the banking sector, but multiple bank failures may induce the failure of other banks and thus increase the costs
associated with their failure (Acharya et al., 2011). The cost that the regulator perceives to be associated with initiating
bailout support θ is constant and is not perfectly observed by banks. These costs are not necessarily limited to the actual
absolute costs of a bank bailout, but also extend to the relative ease with which regulators and politicians can bail out
financial institutions. Steiner (2014) finds empirical evidence that the accumulation of reserves intended to prevent financial
crises may relax financing constraints for regulators, such that they might execute bailout policies more readily.

The accuracy with which banks observe θ constitutes the source of the regulator's ability to exercise constructive
ambiguity about its bailout decision. This information framework is made explicit in Section 3. The decision to bail out the
sector is denoted by qAf0;1g, where q¼1 means a bailout to the distressed banks and q¼0 the converse. Therefore, we can
regard θ�CðsÞ as the net benefit of not bailing out distressed banks. This net benefit expression bears some similarity to the
intuition described by Freixas et al. (2003) regarding the cost and benefits of a bailout.

The second tool at the regulator's disposal is the ability to levy a systemic risk tax, τA ½τ ;1Þ, with τZ0. The aim of such a
tax is to discourage banks from engaging in activities that have the potential to contribute to the formation of systemic risk.
In this light, recent literature suggests taxing banks according to a metric that generates a proxy of costs imposed on society
by the bank's failure (Acharya et al., 2011; Adrian and Brunnermeier, 2011; Freixas and Rochet, 2011). That is, the tax would
be levied according to the probability of bank i facing financial distress, given that at least one other bank is distressed.5 The
tax therefore aims to lower banks' systemic exposure to one another. However, the tax also generates costs for the regulator
measured in terms of the social welfare losses due to taxation.6 Because the tax implies an implicit transfer of funds from
depositors to the regulator, those funds are no longer invested in productive activities, so they constitute a welfare cost to
the regulator that can be denoted by δ: ½τ ;1Þ-Rþ , with the features δ0ðτÞ40 and δðτÞ ¼ 0.
4 The analysis is unaffected in terms of no qualitative differences in results if the expected return is non-decreasing and concave in the risk parameter
σit. The assumption of mean-preserving spreads is made for ease of exposition.

5 The tax revenue per bank therefore amounts to τ � PHðfRi1orci1g; fso1gÞ and is levied after banks have decided on their choice of risky asset class ρit.
Page 11 and 12 contain a detailed discussion on how this tax enters the bank's objective function.

6 In a recent issue (April 18, The Economist, 2015), The Economist highlights that the introduction of macroprudential regulation can lead to more
illiquid markets, which poses a systemic risk in itself. In this light, banks have cut back on their trading activities since 2008 as market making activities
have become more expensive due to higher collateral requirements.



Fig. 2. Payoffs at the End of the First Period. Notes: This figure depicts the combinations of bank i's expected payoff values for four scenarios perceived at
the start of the game, t¼0. That is, vSS denotes the payoff for bank i if all banks survive, or if a bailout is issued for distressed banks; π̂ i1 denotes the
probability that a fraction 1�s� of the banks receive a bailout, conditional on bank i not being financially distressed; πi1 denotes the probability that bank i
receives bailout support, conditional on a fraction 1�s� being financially distressed; and vSF ðs�Þ denotes the payoff for bank i if it survives and only a
fraction s� of the other banks survive. Finally, τ denotes the systemic risk tax.
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Depending on the bailout decision, the benefits associated with the bailout policy and the costs of the tax the following
payoff for the regulator can be formulated:

ð1�qÞðθ�CðsÞÞ�δðτÞ:

The bailout decision of the regulator also follows endogenously from the notion of time inconsistency in bailout policy
(Acharya and Yorulmazer, 2007; Brown and Dinc, 2005; O'Hara and Wayne, 1990). If the costs associated with letting a bank
fail C exceed the costs to bail out the bank θ, the regulator always bails out the bank. In comments on Panageas (2010),
Albuquerque (2010) indicates that the social planner's ability to fund a bailout interacts with the decision to bail out and
may give rise to a time-inconsistency problem, similar to the commitment problem faced by the regulator in the current
model. Therefore, the bailout decision can be interpreted as an endogenous indicator variable, q� 1fθoCðsÞg, such that the
objective function can be denoted by7

Wðθ; τ; sÞ≔maxf0;θ�CðsÞg�δðτÞ: ð2Þ

In turn, banks form expectations about whether a bailout will be available to them if they become financially distressed.
In this light, banks predict the probability associated with the event θoCðsÞ as equivalent to the probability of receiving
bailout support, because the costs of letting the bank fail exceed the bailout costs in this case. Increases in their portfolio
weight ρi, assigned to asset classes that contribute to high correlation among banks, result in a higher likelihood of joint
failure. Consequently, the probability of receiving bailout support increases as more banks opt to assign more weight to
correlated asset classes in their portfolio. This scenario constitutes the nature of the strategic complementarity in banks'
choice of asset class ρi.

Implications for banks: A bailout event enters each bank's payoff schedule, such that in the event of financial distress, the
possibility of receiving a bailout exists, which allows the bank to operate in the second period. Other banks may also receive
bailout support when they are financially distressed, which affects the payoff schedule for the surviving banks. For ease of
exposition the following four states are considered and depicted in Fig. 2 for t¼1: In state SS no banks are financially
distressed; in state SF bank i is not financially distressed but at least one other bank is; and state FF denotes a state in which
bank i is financially distressed along with at least one other bank.

Consider state SF to begin: Bank i is not distressed, yet a fixed fraction 1�s� of banks faces financial distress. The
financially distressed banks can be bailed out in this state, and bank i attaches a probability π̂ i1 to this event. The payoffs
associated with either action of the regulator are denoted by the charter value vSS in the case of a bailout for other banks,
and vSF ðs�Þ if no bailout is implemented. Based on Lemma 3 (see Appendices A.2 and A.3), it must be that vSS4vSF ðs�Þ for any
fraction of surviving banks s�A ½0;1�. When a bank fails a fraction of the deposits is destroyed in the bankruptcy process,
which lowers the pool of deposits available for investments and thereby all remaining banks' charter value (Acharya and
Yorulmazer, 2007; Allen and Gale, 2000). This result implies that a bailout can have a stabilising effect on the entire banking
system.
7 Note that q� 1fθoCðsÞg equals 1 if θoCðsÞ and 0 otherwise.
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Turning to state FFwhich differs from state SF in that bank i is financially distressed. The probability that bank i and other
banks receive a bailout is now denoted by πi1. The positive charter values in this state are equal to those in SS. If bank i were
not distressed, the cost of any other bank failing would be strictly lower than in the case in which bank i is distressed. This
difference can be made explicit by defining banks' ex ante expectations about the costs of failure to society as detailed in
Section 3. A graphical depiction of the expected charter values for the various states and their corresponding probabilities is
depicted in Fig. 2. Furthermore, if only bank i is financially distressed, the regulator will not initiate a bailout policy.

So far, the discussion and presentation of payoffs has focused on the particular case in which a fixed fraction of banks
s¼ s� survives the first period of the game. By taking all possible states of the banking sector into account at t¼1, the
optimal strategy profile for bank i in the first period then can be denoted by the following choices:

σ�
it ; x

R�
it ; x

S�
it ;ρ

�
i A argmax

σit ;xRit ;x
S
it ;ρit

fvðσit ; xRit ; x
S
it ; r

D
itþ1; r

S
itþ1ÞþPHðfRi1Zrci1g⋂fs¼ 1gÞvSSþ

Z 1

0
PHðfRi1Zrci1g⋂fs¼ s�gÞðπ̂ i1vSS

þð1� π̂ i1ÞvSF ðs�ÞÞds�þ
Z 1

0
PHðfRi1orci1g⋂fs¼ s�gÞðπi1vSS�τÞds�; ð3Þ

where vð:Þ is defined as in (1). For ease of exposition, I omit the arguments σit and ρi, which describe the return density, from
the probability and expectation operators PHð:Þ and EH½:�. Banks incorporate their expected charter value for the second
period to determine their strategies. The operand in (3) is bank i's charter value at the start of the first period, which can be
written conveniently as8:

Vðσit ;ρi; x
R
it ; x

S
it ; r

D
itþ1; r

S
itþ1Þ ¼ vð:ÞþPHðfRi1Zrci1gÞvSSþEH½π̂ i1vSSþð1� π̂ i1ÞvSF ðsÞ�vSSjfso1g�

þEH πi1vSS�ðπ̂ i1vSSþð1� π̂ i1ÞvSF ðsÞÞ�τjfRi1orci1g; fso1g� �
: ð4Þ

The event in which bank i and at least one other bank are financially distressed only enters the last term in (4): the expected
payoff of being financially distressed, conditional on more banks facing financial distress, so1. This term is also the only
term that depends on bank i's choice of asset class ρi, because the expectation is conditioned on the correlation between
bank i's returns and the other banks in the sector. Bank i will set xR�it , x

S�
it with an approach similar to the one it used in the

first period for the second period. The key difference lies in setting σ�
it , and ρ

�
i , which affect the distribution of returns for all

banks and thus PHðfRi1orci1g; fso1gÞ. However, ρi only affects the latter term, such that the optimal choice σ�
i1 can be

expressed in terms of ρ�
i . The joint probability of the event in which bank i fails and at least one other bank fails as well then

is increasing in banks' contribution to the overall formation of systemic risk, namely all chosen correlation terms.
The regulator charges the bank an amount τ � PHðfRi1orci1g; fso1gÞ as the systemic risk tax at t¼0, after the banks set

their choice of ρi, such that the tax is incorporated in banks' decision about the asset classes. The probability of a crisis event
involving bank i, PHðfRi1orci1g; fso1gÞ, bears a similarity to the marginal expected shortfall (MES) of Acharya et al. (2011,
2012) and the Delta Conditional Value at Risk (ΔCoVaR) measure of Adrian and Brunnermeier (2011). Both the MES and the
ΔCoVaR relate to this joint probability; they are empirical measures of the leftward shift in stock return distribution, driven
by a conditioning event such as a market crash or the failure of a number of systemically important financial institutions. In
our case, the conditioning event is in which at least one other bank other than bank i faces financial distress at t¼1.
3. Equilibrium analysis

To evaluate the equilibrium decisions of banks at the start of the first period, it is necessary to determine banks' decisions
with respect to their choice of asset class. Based on (4), each bank thus solves for:

ρ�ðπiÞAargmax
ρA ½ρl ;ρh �

EH πi1vSS�τjfRi1orci1g; fso1g� ��bi
� �

;

where bi≔EH π̂ i1vSSþð1� π̂ i1ÞvSF ðsÞjfRi1orci1g; fso1g� �
:

With the assumption of perfect information, each bank has knowledge about the probability of receiving bailout support if it
fails along with at least one other bank. The optimal strategy for choice of asset class then can be expressed as:

ρ� πið Þ ¼ ρh1 πi4
biþτPHðfRi1orci1g; fso1gÞ

vSS

� �
þρl1 πir

biþτPHðfRi1orci1g; fso1gÞ
vSS

� �
: ð5Þ

If banks know the regulator's cost of bailout θ, all banks set either ρ� ¼ ρh or all choose ρ� ¼ ρl. This result is driven by the
complementary nature of the choice of asset class. As more banks opt to assign more weight to the asset class which
increases correlation among banks' asset returns, the likelihood of a joint failure of banks increases at the end of the first
period. This development reinforces banks' incentives to opt for asset classes that contribute to higher levels of correlation
among banks' asset returns. As more banks fail jointly, the regulator is more inclined to initiate bailout support. The strategic
8 Further simplification is possible, but retaining the bailout probability in the expectation operator allows us to let πi1 depend on banks' choices and
the fraction of banks that survive s, in the formation of banks' beliefs about the regulator's type.
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complementarity in the choice of asset class therefore results in multiplicity of equilibria, implying either that all banks
choose either ρh or low ρl (Morris et al., 2003).

To avoid multiplicity of equilibria as a result of strategic complementarity, I consider a noisy perturbation in banks'
knowledge about the cost for the regulator to initiate bailout support θ. This approach follows the global games metho-
dology and relates closely to the work of Morris et al. (2003), and Angeletos et al. (2006). The imperfect knowledge of banks
about θ generates the constructive ambiguity that the regulator can exploit. The perturbation maintains strategic com-
plementarity in banks' asset class choices but also introduces additional uncertainty for banks surrounding the bailout
policy. Rather than assuming that constructive ambiguity is present at all times, I explicitly incorporate constructive
ambiguity endogenously, which offers the advantage of allowing the investigation of signaling effects on other policy tools
for this strategy.9 In addition to functioning as an element of cost to banks, the systemic risk tax signals the type of regulator
θ banks face.

To evaluate the signaling role of a systemic risk tax, Bayesian–Nash equilibria are considered for two cases. First, in a
benchmark pooling equilibrium, the systemic risk tax is fixed and cannot be changed by the regulator. This approach is
similar to the manner in which Morris et al. (2003) solve their seminal model on currency crises. In a second case, the
regulator is allowed to change the systemic risk tax which results in a signaling game. To this end, let τðθÞ be the systemic
risk tax set by the regulator with bailout costs θAR. Furthermore, let ρ�ðξi; τðθÞÞ be bank i's equilibrium choice of asset class
based on the received signal ξiAR about θ and observed tax τ. Last, let μðθjξi; τÞ denote bank i's posterior distribution of θ,
reflecting bank i's beliefs about the cost of a bailout being lower than the cost of letting the bank fail. With the posterior
distribution, banks infer the probability of receiving bailout support if they are financially distressed or
πi � μðθoEHðCði; sÞÞjξi; τÞ, and μðEHðCði; sÞÞjξi; τÞ in condensed form.

These expressions allow for an equilibrium definition that characterises the main actions by banks and the regulator in
the first period of the model.

Definition 1. Equilibrium characterization: An equilibrium consists of a strategy for the regulator of type θAR,
τ: ½τ ;1Þ-Rþ , a cumulative distribution function μ:R2 � ½τ ;1Þ-½0;1�, and a strategy for banks ρ:R� ½τ ;1Þ-½ρl;ρh�, such
that

τ�ðθÞAargmax
τA ½0;Dt �

EH½Wðθ; τ; sÞ�;

μðθjξi; τÞ is obtained from Bayes’rule; wherever possible; that is

for any τ such that τ¼ τ�ðθÞ for some θ;

ρ�ðξi; τÞAargmax
ρA ½ρl ;ρh �

μðEH½CðsÞ�jξi; τÞvSS�τPHðfRi1orci1g; fso1gÞ�bi
� �

:

For the cases of both a fixed tax and a strategic tax, these equilibrium expressions are solved subsequently.
With respect to banks' choices for σ�

i0; x
R�
i0 , and xS�i0 at the start of the first period, the choices are contingent on bank's

choice of ρi0, as in Acharya (2009), which resembles the findings by Allen and Gale (2000). The choices do not have con-
sequences for the main results of this paper though, so they are omitted.10

3.1. Fixed non-strategic systemic risk taxation

For this section the systemic risk tax is fixed, τ¼ τ0, with τ0A ½τ ;1Þ. Therefore, τ�ðθÞ ¼ τ0 for all government types θAR.
Banks remain uninformed by the systemic risk tax about the cost of bailouts. With imperfect knowledge, banks receive a
continuous noisy signal about the regulator's cost of bailouts θ, i.e. ξi ¼ θþεi, where ε� F with density f and θ� G with
density g. The signal and the prior knowledge of G allow banks to infer a posterior of θ. According to Bayes' rule, the
posterior distribution of bank i about θ can be expressed as:

θjξi � μðθ ξi
�� 	

≔
R θ
�1 gð ~θÞf ðξi� ~θÞd ~θR1
�1 gðθÞf ðξi�θÞdθ : ð6Þ

Banks believe that they will receive a bailout if the cost of a bailout is sufficiently low, θrθ�. A bank with a signal ξi
attaches the probability μðθ�jξiÞ to the event of receiving a bailout when financially distressed, conditional on at least one
other bank being financially distressed. Given this probability, the optimal action of bank i is denoted by ρ�ðμðθ�jξiÞÞ. The
average action across banks can be denoted, under the true θ byZ 1

�1
ρ�ðμðθ�jξiÞÞf ðξi�θÞdξi:
9 Assuming that constructive ambiguity holds at all times conditions the analysis on this presumption, such that interactions between policy tools and
constructive ambiguity cannot be evaluated.

10 See proposition 2 in Acharya (2009) and the proof thereof for a detailed exposition of banks' choices.
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The critical value θ� corresponds with the ex ante expectation banks have of the cost of their failure to the regulator C(s).
Because the outcome of C(s) is random, banks anticipate that the critical level of bailout costs θ� equals EHðCðsÞjξiÞ, which is
increasing in banks' choice of ρi.11 As banks opt for asset classes that are prone to be correlated, the joint failure probability
increases, which in turn increases the expected cost to the regulator of letting a bank fail. For ease of exposition, I assume
EHðCðsÞjξiÞ to be linearly increasing in the average of banks' asset class choices, such that the threshold condition
θ� ¼EH½CðsÞjξi� can be stated as12:

θ� ¼
Z 1

�1
ρ�ðμðθ�jξiÞÞf ðξi�θ�Þdξi: ð7Þ

In addition, I assume for simplicity that if all banks choose ρl, the average action of banks' asset class choices equals zero, i.e.R1
�1 ρlf ðξi�θ�Þdξi ¼ 0. Setting this benchmark case does not affect the main qualitative result.
The aggregate action of the banking system is decreasing in θ, so under the critical value θ� we haveZ 1

�1
ρ�ðμðθ�jξiÞÞf ðξi�θÞdξi4θ:

The cumulative distribution function of the private signals are increasing in ξi, because the cumulative distribution function
F is increasing in its argument εi. This property implies that the aggregate action of the banking system is continuous and
monotonically decreasing in θ. Therefore, (7) is a sufficient condition for the existence of a unique threshold equilibrium.

According to (7) and the monotonicity of μ, there exists a unique signal ξ�≔ξðθ�jπ Þ for which a bank attaches a prob-
ability π to the event of receiving bailout support if it and at least one other bank are distressed. This signal can be inferred
from the condition

μðθ�jξðθ�
;π ÞÞ ¼ π :

Suppose bank i receives a signal ξðθ�
;π Þ and believes with probability π that it will receive bailout support when it and at

least one other bank are distressed. In addition, suppose bank j receives a signal ξjoξðθ�
;π Þ. It then holds that μðθ�jξjÞ4π .

The fraction of banks with stronger beliefs about receiving bailout support when at least one other bank fails, relative to
bank i with belief π , then can be denoted by:Z ξðθ�

;π Þ

�1
f ðξi�θ�Þdξi ¼ Fðξðθ�

;π Þ�θ�Þ:

Differentiating this expression with respect to π results in the density of beliefs among banks, γðπ jθ�Þ, under the true θ�,
since μ is monotonically decreasing in ξi. Here, γ denotes the density of beliefs about receiving bailout support, distributed
across the banking sector for a given type of regulator θ�. Combined with condition (7), a change of variable ξi to π allows
for computing the average action of the banks with respect to their choice of asset class, ρi:

θ� ¼
Z 1

0
ρ�ðπÞγðπijθ�Þdπi:

Let θ̂≔
θ��ρl

ρh�ρl
. Stated more conveniently in terms of banks' actions,

θ��ρl

ρh�ρl
¼
R 1
0 ρ

�ðπiÞγðπijθ�Þdπi�ρl

ρh�ρl

θ̂ ¼
Z 1

0
1 πi4

biþτ0PHðfRi1orci1g; fso1gÞ
vSS

� �
γ πi θ

��� 	
dπi


 ð8Þ

Based on (5) the parameter θ̂ can be interpreted as an index that indicates the proportion of banks that choose ρh, whereas
the remaining fraction chooses ρl.

At first it seems that (8) implies an increase in the systemic risk tax τ0 would discourage banks from choosing ρh. The
inference from this observation is that the regulator is in a position to curtail systemic risk taxation by charging a sufficiently
high systemic risk tax. This comparative static result is also the basis of the argument about why systemic risk measures
should be used to tax systemically important financial institutions for their contribution to systemic risk (Acharya et al.,
2012; Adrian and Brunnermeier, 2011). This result is plausible only if the tax is set independently of future bailout choices.
However, if taxation and bailout choices both serve the same purpose of maintaining financial stability, then the tax may
reveal future bailout choices, as addressed by Section 3.2.

3.2. Strategic systemic risk taxation

A regulator does not have full freedom in setting a systemic risk tax if it wants to maintain a degree of ambiguity about
the future bailout policy. Only a limited set of regulator types exists for which it is optimal to levy a systemic risk tax to
induce banks not to coordinate on bailout prospects, that is, not to choose highly correlated assets ρh. If the costs associated
11 The expected costs of failure follows the analogy of a system wide shortfall (Acharya et al., 2011; Adrian and Brunnermeier, 2011).
12 This simplification bears no consequences for the main qualitative results.
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with an increased deadweight loss due to a high tax τ4τ exceed the net costs of letting a bank fail, the regulator finds the
low tax τ the optimal choice of systemic risk taxation. Likewise, the costs of letting banks fail can be too low to justify a
higher tax, due to the ensuing welfare loss. In this case, banks are unlikely to coordinate, due to their prior belief that they
face a tough regulator. These results contrasts with the comparative static derived from (8), which seems to suggest that a
high systemic risk tax results in lower systemic risk formation for any type of regulator.

Two equilibria can be identified in a setting in which the regulator can choose τA ½τ ;1Þ. In one, banks are unresponsive
to a higher systemic risk tax, so it constitutes the pooling equilibrium; in the other a subset of regulator types benefits from
setting a higher systemic risk tax, the separating equilibrium.

Proposition 1. (Equilibria with strategic systemic risk taxation): When the regulator is able to set τ�A ½τ ;1Þ, two equilibria can
be identified for the first period of the model, a pooling equilibrium (I) and a semi-separating equilibrium (II):

I. There exists an equilibrium in which the regulator sets τ�ðθÞ ¼ τ , 8θAR. Banks' optimal choice, and the regulator's bailout
decision, are respectively given by:

ρ�ðξi; τÞ ¼
ρh if ξioξ�

ρl otherwise;

(

qðθÞ ¼ 1 if θoθ�

0 otherwise:

(

The private signal ξ� ¼ ξðθ� ,. Þ, the critical cost of initiating no bailout θ�, and index θ̂ in (8) are the same as in Section 3.1
when τ0 ¼ τ .

II. When the regulator sets an optimal tax τ�ðθÞA ½τ ;1Þ there exists an equilibrium in which

τ�ðθÞ ¼
τ if θA ½θ ;θ � �R

τ if θ=2½θ ;θ �;

8<
:

ρ�ðξi; τÞ ¼
ρh if ξioξ�≔ξðθ ; :Þ or τA ðτ ; τÞ
ρl otherwise;

(

qðθÞ ¼ 1 if θoθ
0 otherwise:

(

Here θrθ�rθ , and τrτ . Additionally, the equilibrium values θ , and θ solve

θ ¼ δðτ�Þ ¼
Z 1

�1
ρ�ðμðθjξ�ÞÞf ðξ��θÞdξi;

where the last term denotes the average action across banks.

Proof. See Appendix B.

The first equilibrium I denotes a pooling equilibrium in which banks are unresponsive to the regulator's choice of τ. The
optimal choice of taxation by the regulator in this case is τ , because the tax will not affect the bank's choices, and setting it
higher only results in a welfare loss. This equilibrium is similar to the one derived in Section 3.1.

In the second equilibrium II, banks are responsive to the regulator's tax, and it is in the interest of the regulator not to
raise the tax beyond τ . A higher tax only results in additional costs to society, while banks already have been successfully
deterred in their choice for the correlated asset class ρh by the high tax τ . The regulator's choice τ is dominated by the lower
tax τ if the net costs to bail out banks are not sufficiently high or if banks deem it unlikely for the regulator to initiate a
bailout policy. This result is derived from the regulator's objective function (2) and the average action of banks with respect
to their choice of ρ. Two conditions prevail that identify the types of regulator that do not prefer τ over τ:Z 1

�1
ρ�ðμðθjξiÞÞf ðξi�θÞdξioδðτÞ; and ð9aÞ

θoδðτÞ: ð9bÞ
Condition (9a) yields a θ for which a regulator of type θ4θ prefers to set τ , because the costs of letting banks fail is not
sufficiently high. In turn banks are likely to be already deterred due to their private information about θ4θ , which induces
a large fraction of banks to believe that a bailout is not a likely outcome during a crisis, in that the costs of a bailout are
perceived as too high.

Condition (9b) instead indicates that for θoθ ¼ δðτÞ, the regulator has no incentive to set τ , because the costs of the tax
do not outweigh the cost of a bailout. In this case, banks' private information is likely to induce a large fraction of banks to
believe that θoθ , such that a large fraction of them believe they will receive bailout support during a crisis event. However,
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their observation of τ for such a regulator renders the banks unsure about whether they face a regulator of a type θoθ that
is inclined to bail banks out or of a type θ4θ that is not inclined to do so. This ambiguity is the constructive ambiguity that
a weak regulator, θoθ , can generate by setting a tax τ to imitate the tougher regulator. Setting any other tax between τ and
τ would immediately reveal that the regulator is of type θoθ and cause the banks to coordinate on bailout prospects,
because a regulator of type θA ½θ ;θ � does not set a tax τoτ .
4. Discussion

The main results of this study outline the limitation on regulators that want to set an optimal systemic risk tax for banks
when the tax reveals the regulator's inclination to initiate bailouts to banks. In Section 3.1, the average action across banks in
equilibrium, (8), with respect to their choice of asset class, ρ, suggests that banks' contribution to the formation of systemic
risk can be mitigated by setting a higher tax, regardless of the regulator's bailout policy. However, this result hinges on the
implicit assumption that the systemic risk taxation policy can be carried out independently from the constructive ambiguity
about bailout policy.

This result contrasts with the case in which the tax is strategically set by the regulator, as discussed in Section 3.2. Failing
to account for the tax's ability to reflect the regulator's objective of safeguarding financial stability may lead to spurious
conclusions about optimal systemic risk taxation. The regulator's objective to safeguard financial stability renders the two
policy tools interdependent. If the regulator's inclination to initiate bailout support is high, θoθ , a higher tax may not be a
sufficient deterrent for banks to invest in correlated assets. Accordingly, the banks continue to coordinate, opt for correlated
assets, and set ρh. A tax higher than τ only results in welfare loss.

The failure of intermediate levels of taxation, τAðτ ; τÞ, to deter systemic risk formation is due to the private information
that banks have with respect to the regulator's inclination to initiate bailout support. The observation of an intermediate tax
induces banks to believe that a sufficiently high tax is apparently sub optimal for the regulator they face, because the
regulator is of a type that is likely to initiate bailout support. The regulator with high bailout costs is ruled out, because it is
optimal for this regulator not to deviate from the low tax. Therefore, any tax of the level τAðτ ; τÞ that does not reflect the
action of a regulator facing relatively high costs associated with the bailout of a bank instead reveals to banks that the
regulator is of the type highly inclined to bail out banks θoθ .

An intermediate tax is thus informative for banks, which impairs the ability of the regulator to be ambiguous about
future bailout support to deter systemic risk formation. For regulators with a high inclination to initiate bailout support, it is
optimal not to change the systemic risk tax but instead keep banks in the dark about their bailout policy. A regulator with a
high inclination to initiate bailout support thus imitates the action of a regulator that is not inclined to initiate bailout
support. The ensuing ambiguity between both types drives uncertainty for banks, which the regulator can then exploit as
constructive ambiguity to lower banks' preferences for correlated assets.

As Condition (9b) shows, the accuracy with which banks perceive the regulator's inclination to initiate bailout support
has no influence on the lower threshold θ of the type of regulator that is willing to set τ . Accordingly, the results are robust
to changes in the specifications of the noisy perturbation. For the set of regulators for which θoθ , the optimal taxation
remains the original, or low tax τ , regardless of the distribution of private information across banks. The only requirement is
that banks do not have perfect information about the regulator's inclination to initiate bailout support, in order to avoid
multiplicity. The upper limit of regulator types for which it is optimal to set τ is increasing in the average action of banks
with respect to their choice of asset class.

The derivation of the separating equilibrium implicitly contains an application of the refinements proposed by Cho and
Kreps (1987) to determine the optimal levels of taxation for the regulator. The separating equilibrium grants the regulator
the freedom to choose the tax. If the regulator sets τ it faces the minimum amount of distortion costs, yet deters banks
successfully by inducing banks to choose ρl. Other regulators that prefer to set τ do so either because, the costs corre-
sponding to bank failure are small (a tough regulator), or because the distortion cost of a high tax are perceived to be higher
than the net bailout costs (weak regulator). Any tax τAðτ ; τÞ could not make any regulator better off. The derived separating
equilibrium constitutes therefore also the best separating equilibrium outcome.

In the pooling equilibrium any taxation level τZτ is equilibrium dominated for the regulator of type θ=2½θ ;θ �. In
addition, once the banks' beliefs following this taxation choice are such that they assign probability 1 to the regulator type
being θA ½θ ;θ �, this regulator type prefers to deviate to τ , such that distortion costs are minimal. While the weak regulator
settles on the lowest tax possible τ , because any tax τAðτ ; τÞ reveals that θoθ . Based on the intuitive criterion, the best
separating equilibrium therefore constitutes the unique equilibrium.

In Appendix A.4 the case is considered where the systemic risk tax generates revenue y, which is used to finance future
bailouts, and thereby lowers the regulator's cost of bailout θ. The introduction of the tax income is an adaptation of the
model presented in Section 3.2. For this case we are also in a position to identify a set of regulator types θA ½θ 0

;θ
0� that

prefers to set a high tax τ 04τ , and a set of regulator types θ=2½θ 0
;θ

0� that prefers to set τ . The inclusion of the tax revenue
corroborates the earlier findings and demonstrates the robustness of the results.

However, the inclusion of the systemic risk tax's revenue in the regulator's objective function may not necessarily
establish an upper bound θ

0
, in which case all regulator types of θZθ 0 prefer to set the high tax τ 0. In this case even the

tough regulator θ4θ
0
finds it attractive to set a high tax, because of the income generated by the tax. In this case banks do
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not require their private information, because observing tax τ 0 reveals that the regulator's type is θZθ 0, and a tax τoτ 0

therefore reveals that the regulator is of type θoθ 0. Since a weak regulator does not gain from setting a tax τAðτ 0; τ 0� it
prefers to set τ , because all banks set ρh for when they observe τA ðτ ; τ 0Þ. This result again demonstrates the lack of degrees
of freedom a regulator faces in setting a taxation policy in light of its future bailout policy that may encourage the hazardous
coordination among banks.
5. Conclusion

The interdependence between systemic risk taxation and constructive ambiguity is relevant for their effectiveness,
because banks can adjust their risk profile after the implementation of a systemic risk tax scheme and before a bailout policy
is executed. This window of opportunity allows banks to engage in risk-shifting behaviour, driven by the prospect of
receiving bailout support. In this setting the level of taxation can be informative about the regulator's future stance on how
to maintain financial stability. Banks learn, through the perceived objective of the regulator, the conditions in which bailout
support is likely to be initiated. Introducing a systemic risk tax therefore limits the degree of ambiguity the regulator can
maintain about its bailout policy for distressed banks. Conversely, if the regulator desires to maintain an ambiguous bailout
policy, prospective risk shifting induced by the signalling effect of a systemic risk tax should be incorporated into the
decision about the tax level. This finding suggests the existence of a trade-off between the two policy tools, which results
from evaluating systemic risk taxation and ambiguous bailout programs in a joint framework.

The implications of this trade-off for macroprudential policy inferences are two-fold. First, to evaluate the effectiveness
of regulatory policy tools, those policies must be considered in a joint framework if they serve the single objective of
maintaining financial stability. Failing to account for the interdependence between policy tools can lead to spurious out-
comes with respect to the policies' effectiveness in handling financial crises. I find that for regulators with a high inclination
to initiate bailout support, the introduction of a systemic risk tax can fail to deter systemic risk formation. Second, the model
adds the caveat that conditioning a model and its outcomes on the assumption that constructive ambiguity is effective at all
times may give rise to spurious results. Maintaining constructive ambiguity imposes restrictions on the regulator's ability to
set a systemic risk tax. If constructive ambiguity is assumed to hold at all times, the restrictions on the level of a systemic
risk tax are ignored, which can generate risk-shifting behaviour by banks.

To avoid the trade-off, the taxation corresponding to a systemic risk measure is required to be set, in a credible manner,
independent from the future bailout policy choice. This condition requires two independent regulatory institutions acting
independently from each other: one who sets the systemic risk taxation policy, and another deciding on the bailout policy.
In this context, systemic risk taxation may, currently, be most credibly conducted by supranational regulatory authorities.
Provided that the two policies can be set independently.
Appendix A. Consequences of bank failure

A.1. Safe assets

The return on the safe asset is denoted by rSt , which materializes at the end of a period. Banks channel a proportion of
their raised deposits to a sector in the economy that employs a neoclassical risk-free technology. The firms in this sector and
banks engage in perfect competition in accessing the market for the safe asset. Therefore, rSt equals the marginal rate of
return on capital of the risk-free technology. Let f :Rþ-Rþ denote the production technology of the risk-free asset that
features f 0ðxÞ40; f ″ðxÞo0; limx↓0f

0ðxÞ-1; and limx↑1f 0ðxÞ ¼ 0. In this context, x denotes the total amount invested in the
risk-free asset. Perfect competition implies the equilibrium condition rSt ¼ f 0ðxÞ.
A.2. Size of banking sector

To construct a measure of the size of the banking sector at the start of the second period, the setΩ is defined to contain
all possible outcomes at t¼1 with respect to which banks survive and fail. This set can be interpreted as all possible
outcomes of tossing a continuum of coins that flip with a fixed, possibly different, probability of landing on heads. Each toss
represents a bank, and head and tail events respectively correspond with the complementary events of survival of a bank or
a state of financial distress. The event of financial distress for bank i is denoted by fRitþ1orcitþ1g. A size measure of the
banking sector then can be constructed from the field F that contains the collection of all subsets of Ω. The size of the
banking sector in the second period can be denoted by a function s:F-½0;1�, where s is strictly increasing in the proportion
of banks that survive the first period.
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A.3. Equilibrium strategies and payoff values

Equilibrium at t ¼ 1: The state SF is characterized by the survival of bank i and the failure of at least one bank in the first
period. The optimal strategy profile of bank i is denoted by:

σ�
it ; x

R�
it ; x

S�
it Aargmax

σit ;xRit ;x
S
it

vðσit ; xRit ; x
S
it ; r

D
tþ1; r

S
tþ1Þ: ð10Þ

For this state, v is defined by

vSF ð:Þ ¼
Z rmax

rcit þ 1

ðRitþ1xRitþrStþ1x
S
it�rDtþ1ðxRitþxSitÞÞdhðσit ; :Þ�cðxRitÞ: ð11Þ

For state SS, v is expressed as vSS, and can be regarded as a specific case of vSF in which all banks survive. A simplification is
derived for v before solving for the arguments in (10). This simplification is summarized in Lemma 1.

Lemma 1. (Return on deposits): In any existing equilibrium, rDtþ1 ¼ rStþ1 ¼ rtþ1, i.e. the return on the safe asset is equal to the
return demanded by depositors. This rate of return is equal to the critical return of banks. Hence, rcitþ1 ¼ rDtþ1 ¼ rStþ1 ¼ rtþ18 i.

Proof. See Appendix B.

Lemma 1 allows for the expression

vSF ð:Þ ¼
Z rmax

rit þ 1

ðRitþ1�rtþ1ÞxRitdhðσit ; :Þ�cðxRitÞ:

Bank i's decision to invest in the risky asset, xR�it ðσit ; rtþ1Þ, given σit ; rtþ1, is implied by the first order condition13:Z rmax

rit þ 1

ðRitþ1�rtþ1Þdhðσit ; :Þ ¼ c0ðxR�it Þ:

Since density h is from a family of mean-preserving spread densities, the first-order condition can be rearranged as

Ritþ1�c0ðxR�it Þ ¼ rtþ1þ
Z rit þ 1

0
ðRitþ1�rtþ1Þdhðσit ; :Þ; ð12Þ

where Ritþ1 denotes the mean return value. The right-hand side of (12) is non-negative. A solution for xR�t thus exists,
provided that the mean return Ritþ1Zc0ðDi1Þ.

Lemma 2. (Equilibrium existence at t ¼ 1): For state SF, the symmetric equilibrium ðxR�t ;σ�
t ; r

�
tþ1Þ exists at t¼1, with σ�

t ¼ σmax.

Proof. See Appendix B.

Lemma 2 summarizes the equilibrium for state SF at time t¼1. For state SS, there exists a symmetric equilibrium as well.
The proof is similar to that of Lemma 2, because SS is a special case with s¼1. No banks have failed prior to arriving in state
SS, yet the equilibrium values may be different for both states for different values of s. Comparative statics associated with
these two variables are of interest for inferring the implications of bank failure for surviving banks' charter values.

Lemma 3. (Comparative static for state “SF”): Let the charter value of a bank in state SF be denoted by vSF. Since the equilibrium
at t¼1 is driven by r�tþ1, v

SF is solely expressed in terms of r�tþ1. For similar reasons, r�tþ1 is expressed in terms of s. Then the
following result holds:

∂vSF ðr�tþ1ðsÞÞ
∂s

40; 8sA 0;1½ �:

Proof. See Appendix B.

The comparative static in Lemma 3 suggests that if a group of banks fail in the first period, a fraction of the deposit pool is
destroyed. This scenario raises the return on the safe asset, so banks substitute safe investments for risky investments.
However, no profits are reaped in the market for the safe asset, due to existence of perfect competition. The banks' charter
values accordingly decline.

A.4. Financing bailout support with the systemic risk tax

In this section an adaptation of the benchmark cost function of the regulator (2) is considered in which the regulator uses
the revenue raised from the systemic risk tax to lower the cost of initiating bailout support θ. The original cost schedule (2)
13 Since c″ðxÞ40, 8x, xR�it denotes a global maximizer of v.
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reads:

Wðθ; τ; sÞ≔maxf0;θ�CðsÞg�δðτÞ:
The income generated with the tax is derived from the reduction of the bank's charter value (4) due to the levy. Based on the
bank's objective function the regulator raises the amount τ � PHðfRi1orci1g; fso1gÞ in taxes per bank at t¼0 after the banks
set ρit, which is increasing in the bank's asset class choice ρi through the joint failure probability. The amount raised per
bank renders the total tax revenue increasing in the level of the tax set by the regulator; and increasing in the probability of
a bank failing conditional on other banks being financially distressed.

To specify a general revenue function of the tax, let the revenue function y: ½τ ;1Þ � R:-Rþ be defined as yðτ;θÞ. The last
argument θ is added to link the tax's income to banks' joint probability of failure, PHðfRi1orci1g; fso1gÞ, and thereby the
aggregate level of correlation which is driven in equilibrium by θ through the private information banks use to decide on the
level of ρit. In the stage where the regulator decides on the tax, banks have only their private information to infer, such that
higher values of θ induce banks to not coordinate on bailout support, because the private information reveals for a higher θ
also to a larger set of banks a tougher regulator, i.e. a regulator not willing to bail out banks due to high bailout costs. In this
light, we have y0τðτ;θÞ40 and y0θðτ;θÞo0. The choice for letting y directly depend on θ rather than a realization of ρi is to
take into account the possible change in banks' beliefs after the regulator has set the tax.

The effect of the revenue raised with the tax lowers the benchmark cost θ of a bailout and results in a lower net cost of
bailout, or a higher net benefit θ�yðτ;θÞ, because the tax is used to finance the bailouts.

Taking into account the tax revenue allows for the adaptation of the original cost function of the regulator, resulting in

Wðθ; τ; sÞ≔maxf0;θ�yðτ;θÞ�CðsÞg�δðτÞ:
The original assumptions are that δðτÞ ¼ 0; and if the regulator sets the tax such that no bank has an incentive to set ρh we
have EHðCðsÞjτ 0Þ ¼ 0 as a benchmark. With the addition of the income generated by the tax I assume for simplicity that if the
tax is set at its lowest level, then yðτ ;θÞ ¼ 0.

From the perspective of the banks, a regulator prefers to set τoτ 0 if and only if EH ½Wðθ; τ 0; sÞ�oEH ½Wðθ; τ ; sÞ� which
implies that the following two conditions need to hold:

θ�EH ½yðτ 0;θÞjτ 0��δðτ 0Þo0;

θ�EH½yðτ 0;θÞjτ 0��δðτ 0Þoθ�EH½CðsÞjτ �:

These two conditions allow us to identify the types of regulator θ that prefer to set τ:

θoEH½yðτ 0;θÞjτ 0�þδðτ 0Þ; and

EH½CðsÞjτ�oEH½yðτ 0;θÞjτ 0�þδðτ 0Þ:

Based on the assumption that the tax revenue is low when banks face a tough regulator with high bailout costs,
y0θðτ;θÞo0, then the first condition provides a lower bound θ 0. Such that the regulator of type θoθ 0 prefers to set τ .

The second condition either provides an upper bound to the type of regulator that prefers to set τ 0, or is satisfied. First we
consider the case where the condition provides an upper bound θ

0
. We have that the expected cost of bank failure, and the

expected revenue raised at a given tax level are both decreasing in the bailout cost θ. A higher θ results in a lower likelihood
that banks coordinate on bailout prospects by choosing more similar, and therefore more correlated, assets for investments,
which in turn lowers both the revenue raised from the tax, and lowers expected future costs of banks failing. The second
condition, provides an upper bound if and only if for a particular upper bound value θ

0
at which the expected cost of banks

failing EHðCðsÞjξi; τ 0Þ are higher than EHðyðτ 0;θ 0Þjξi; τ0�Þ for any θ4θ
0
. Because for θ4θ

0
the condition would not hold.

I find for this case where an upper bound θ
0
can be established therefore an equilibrium that is of the same type as the

equilibrium presented in Proposition 1. I identify again three types of regulators. The weak regulator θoθ 0 who finds it
optimal to set a low tax τ in order to imitate the tougher type θ4θ

0
. The latter tougher type faces such low costs to bail out

banks, and despite the added benefit of the tax lowering bailout costs further, finds it still not profitable to set a high tax.
Banks have in this case already a prior that they face a tough regulator and a high tax is in this case not sufficient, because it
induces only a small fraction of banks to set a lower correlated risk profile ρl. The intermediate type θA ½θ 0

;θ
0� finds it again

profitable to set τ 0, because for this type the expected cost of banks failing outweighs the distortionary cost of the tax. If the
upper bound can be established the proof of Proposition 1 can be applied and shows that the original qualitative result of
Proposition 1 remains unaffected for the equilibrium where the revenue derived from the tax are used to finance future
bailout support.

Second, in case the second condition is always satisfied, a new equilibrium can be derived. In this case, an upper limit to
the regulator type θ that prefers to set τ 0 cannot be established; only the lower limit θ 0 based on the first condition. We are
left with the types θoθ 0 to prefer τ and θZθ 0 to prefer τ 0. An interesting feature of this equilibrium is that it renders the
private information of banks redundant. The moment banks observe a tax τ 0, banks know the regulator must be of type
θZθ 0 and banks are successfully deterred in their choice ρh due to the high tax, and all banks set ρl. If banks observe τ
banks know the regulator is of type θoθ and all banks choose ρh, because, unlike the separating equilibriumwith an upper
bound to θ, there is no possibility banks face a tough regulator with high bailout costs θ4θ . In this equilibrium there is no
constructive ambiguity. Although the case with no upper bound to θ is different from the original separating equilibrium, it
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illustrates the signalling aspect of the tax. Ignoring the bailout and the possibility of banks coordinating on bailout prospects
can render the tax harmful in both settings.

To illustrate this last point, consider for both cases that it holds that any tax below the tax level τ 0 set by a weak type
θoθ 0 constitutes an out-of equilibrium action that induces all banks to coordinate on bailout prospects by setting ρh. Both
cases therefore demonstrate, as in the original result, that a regulator should be cautious in setting its systemic risk taxation
policy. A unique systemic risk tax corresponding to each type of regulator based on a systemic risk measure does not
necessarily exist if the tax signals the likelihood of future bailout prospects.
Appendix B. Proofs
Proof. Lemma 1 (Return on deposits): rDtþ1 ¼ rStþ1 ¼ rcitþ1. Suppose rDtþ14rStþ1Z0. From (11), the critical return is given by

rcitþ1 ¼ rDitþ1þ rDitþ1�rSitþ1


 	xSit
xRit

:

In turn, for rDtþ14rStþ1Z0, bank i has no demand for the safe asset. However, this implies that rStþ1 ¼ limx↓0f
0ðxÞ-1, which

constitutes a contradiction.
Suppose 0rrDtþ1orStþ1. Then rcitþ1 is decreasing in xSit, and (11) is increasing in xSit. Bank i has therefore an infinite demand

for the safe asset. However, for a limited supply of deposits Dt, the budget constraint or short sale constraint would be
violated, which also constitutes a contradiction. Hence, we are left to conclude that rDtþ1 ¼ rStþ1 ¼ rcitþ18 i. □

Proof. Lemma 2 (Equilibrium existence at t ¼ 1): For state SF, the symmetric equilibrium ðxR�t ;σ�
t ; r

�
tþ1Þ exists at t¼1, where

σ�
t ¼ σmax. The choice of xR�t is obtained by solving (12), which supports the definition of xR�t as a function of σit, rt, such that

xR�t � xR�t ðσit ; rtÞ. Substitution in (11), and noting Lemma 1 along with first-order condition (12), yields:

∂vðxR�it ðσit ; rtÞ;σit ; rtÞ
∂σit

¼ xR�t σit ; rtð Þ ∂
∂σit

Z rit þ 1

0
rtþ1�Ritþ1

 	

dh σit ; :ð Þ40:

The inequality on the right-hand side holds, because expected losses are increasing in σit, as set by the bank. Independent of
rtþ1, it is optimal for banks to set σ�

t ¼ σmax.
The rate of return on the safe asset is now obtained by an application of Brouwer's fixed point theorem (Mas-Colell et al.,

1995, p. 952). The total amount invested in the risk-free asset in state SF amounts to sDt�xR�t ðσmax; rtþ1Þ. Since f, the
technology of the risk-free asset, is C2 and concave on the domain Rþ . The unique equilibrium rate of return on the safe
asset can be obtained from the condition:

r�tþ1 ¼ f 0 sDt�xR�t ðσmax; r�tþ1Þ

 	

:

Therefore, the equilibrium ðxR�t ;σ�
t ; r

�
tþ1Þ exists at t¼1 for state SF.□

Proof. Lemma 3 (Comparative statics for state “SF”): For a bank in state SF at time t¼1, the following holds: ∂vSF ð:Þ
∂s 40. For ease

of exposition, the subscript σmax is dropped for xR�t , such that xR�t ≔xR�t ðrtþ1Þ. Since xR�t is solely determined by (12), the
derivative dxR�t ðrtþ 1Þ

drt þ 1
is obtained from a total differentiation of (12), which yields:

dxR�t ðrtþ1Þ
drtþ1

¼ �1
c″ðxR�t ðrtþ1ÞÞ

1� d
drtþ1

Z rt þ 1

0
rtþ1�Ritþ1

 	

dh σit ; :ð Þ
� �

¼ �1
c″ðxR�t ðrtþ1ÞÞ

1�PHðRitþ1rrtþ1Þ

 	

o0:

The second step of the proof is to evaluate the effect of rtþ1 on the charter value. Combining the results of Lemmas 1 and 2
in (11) yields:

dvðxR�it ðrtþ1Þ; rtþ1Þ
drit

¼ �xR�t rtþ1ð Þ 1þ d
drtþ1

Z rt þ 1

0
rtþ1�Ritþ1

 	

dh σit ; :ð Þ
� �

o0:

To prove the first result about the effects of s on the charter value of a bank in state SF, let r�tþ1 ¼ r�tþ1ðsÞ. Then from the
equilibrium condition for the risk-free rate we have

r�tþ1ðsÞ� f 0ðsDt�xR�t ðrtþ1ðsÞÞÞ ¼ 0:

Applying the implicit function theorem yields:

dr�tþ1ðsÞ
ds

¼ f ″ðsDt�xR�t ðrtþ1ÞÞDt

1þ f ″ sDt�xR�t rtþ1ð Þ
 	dxR�t ðrtþ1Þ
drtþ1

o0;
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where the denominator is strictly positive. Therefore,

dvðxR�it ðrtþ1ðsÞÞ; rtþ1ðsÞÞ
ds

¼ dvðxR�it ðrtþ1Þ; rtþ1Þ
drit

dr�tþ1ðsÞ
ds

40:□

Proposition 1. (Strategic systemic risk tax): Equilibrium I: This equilibrium constitutes a pooling equilibrium in which all
banks are unresponsive to the regulator's action with respect to τ. Therefore, a regulator of any type θAΘ¼R finds it
optimal to set τ , because the welfare costs associated with the tax δ are increasing in τ. The monotonicity of δ establishes the
optimality of τ .
Since the tax τ is set by all types of regulator, the tax is uninformative to banks about the regulator's type θ. Therefore, the

beliefs of the banks about the costs of a bailout are pinned down in an a way equivalent to 6, such that μðθjξi; τÞ � μðθjξiÞ. As
in Section 3.1, banks believe, under non-strategic taxation, that a bailout will be initiated if θoθ�. Additionally, as in the
case with a fixed systemic risk tax, the bank also finds it optimal to choose ρh if ξioξ�.
If the regulator sets τ4τ , banks detect a deviation. LetΘðτÞ denote the set of regulators for which the deviation to τ4τ is

dominated in equilibrium. Then for any signal ξi, we have the following two conditions:

μðθAΘjξi; τÞ ¼ 1; and

μðθAΘjξi; τÞ ¼ 0; if Θ⊈ΘðτÞ:

The two conditions form the natural restriction that beliefs should assign positive measure to types that could lead to the
signal ξi, and they require that beliefs assign zero measure to types for which τ4τ is dominated in equilibrium.
The next step is to verify that the set of beliefs in equilibrium I is non-empty for all τ4τ . Banks react to the signal by

choosing ρl unless they are convinced that the regulator must be of a low type, that is ξio�1. Borrowing Conditions (9b)
and (9a) from Section 3.2, it is possible to pin down the set of θ that set τ such that the strategy is dominated in equilibrium
by τ . Then ~θ solves:

~θ ¼ δð ~τÞ ¼
Z 1

�1
ρ�ðμð ~θ jξiÞÞf ðξi� ~θÞdξi;

such that ΘðτÞ ¼R for τ4 ~τ , and Θð ~τÞ ¼R⧹f ~θg. The set of beliefs satisfying these above-mentioned conditions is non-empty
for τZ ~τ . If τAðτ ; ~τÞ, then the set of regulator types for which this strategy is dominated is Θ⧹½θ ;θ �, where

θ ¼ δðτÞ ¼
Z 1

�1
ρ�ðμðθjξiÞÞf ðξi�θÞdξi:

Since θo ~θoθ , the set of types for which τ is dominated in equilibrium isΘðτÞ ¼R⧹½θ ;θ �. Equilibrium II: In this equilibrium,
banks coordinate on the systemic risk tax. Banks take the average actionZ 1

�1
ρ�ðμðθjξiÞÞf ðξi�θÞdξi

when τoτA ½τ ;1Þ, and all banks choose ρl as an optimal response when τZτ because it is not profitable to set ρh. It is
optimal for the regulator to choose τ if τoτ , because in this case banks do not respond to the tax, so it is optimal for the
regulator to minimize welfare loss δ. Banks are responsive to the tax when τZτ , such that the regulator prefers to set τ4τ
if the regulator wants the banks to respond to the tax. This leaves us with two candidates for the level of taxation, τ and τ .
From the perspective of a bank, a regulator prefers to set τ4τ if and only if the bank infers that

EH½Wðθ; τ ; sÞ�4EH½Wðθ; τ ; sÞ� which implies that the following two conditions need to hold14:

θ�δðτÞ40; and

θ�δðτÞ4θ�
Z 1

�1
ρ�ðμðθjξiÞÞf ðξi�θÞdξi:

The regulator types that prefer τ over τ then have θA ½θ ;θ �, where θ and θ solve the system:

θ ¼ δðτÞ; andZ 1

�1
ρ�ðμðθjξiÞÞf ðξi�θÞdξi ¼ δðτÞ:

Such that δðτÞ denotes a lower bound. We find an upper bound θ , because the expected cost of banks failingR1
�1 ρ�ðμðθjξiÞÞf ðξi�θÞdξi is decreasing in θ.
14 Note that the assumptions are made that the average action
R1
�1 ρl f ðξi�θÞdξi ¼ 0 if all banks choose ρl , see Section 3.1. These assumptions do not

affect the qualitative results derived in this proof.
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Banks' beliefs are pinned down by Bayes' rule but differ from equilibrium I, because when the regulator sets τ , the
corresponding type θ=2½θ ;θ �. Hence, beliefs about a bailout policy being initiated conditional on observing τ are

μðθ ξi; τ
�� 	� μðθjξiÞ

1�μðθjξiÞþμðθjξiÞ
;

where μðθjξiÞ is defined as (6), and μðθjξi; τÞ is decreasing in ξi. The last monotonicity result ensures the uniqueness of
equilibrium for the case in which banks respond to a strategically set systemic risk tax. Furthermore, the fact that Θ¼R

ensures that the set of regulator types for which τAðτ ; τÞ is dominated in equilibrium by τ is a subset of Θ.□
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