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Following the Great Financial Crisis, more than a dozen countries adopted innovative
bank taxes as part of their response. This paper characterizes, calibrates and discusses
Pigovian taxes on bank borrowing to address externalities associated with either the
collapse of systemic financial institutions or, to prevent that, public guarantees to bail
out their creditors. It also characterizes optimal bailout policy, differentiating between
circumstances in which the government can and cannot commit. Building on the analysis
for a representative bank, it considers the implications for corrective taxation of various
aspects of bank heterogeneity, connectedness, and asymmetries of information.
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1. Introduction

The Great Financial Crisis that began in 2007 has left a long trail, both prac-
tical and intellectual. One central policy response has been the Basel III pro-
gram of reform of the regulation and supervision of the financial sector. Less
noted, but no less innovative, has been a fundamental reconsideration of the
tax treatment of the financial sector. At one level — and perhaps ultimately
most importantly — this has meant recognizing that pre-existing tax distortions
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may be costlier than had generally been supposed, notably' the bias towards
debt finance inherent in most corporate tax systems (providing deductions for
interest but not the return to equity). All that, however, was well-known to the
public finance community before the crisis. The more novel issue raised was
whether new types of tax instruments, applied specifically to discourage so-
cially excessive leverage and risk-taking by financial institutions, might have
a constructive role to play in limiting the likelihood of and social damage from
financial failures.> A charge of this type was proposed in a report to G20 by
the IMF (2010). But action ran far ahead of analysis. In 2011, for instance,
the U.K. introduced a levy on (essentially) banks’ uninsured debt obligations,
“... to encourage banks to move away from risky funding models that threaten
the stability of the financial sector and wider economy” (HM Revenue & Cus-
toms, 2010). Within a few years, France, Germany, Sweden and others — a
total of fourteen member states, as well as three non-EU members — had in-
troduced some special charge on financial institutions.

These bank taxes/levies* are a wholly novel development in tax policy.’
They differ in significant ways in rationale and design. One strand of thought
has stressed their potential role in financing, ex ante, the bank resolution and
other costs likely to be experienced in future crises.® This is conceptually dis-
tinct from, though often conflated with, another role for such taxes, as stressed,
for instance, by the U.K.: the idea of such taxes as playing a purposive role in
addressing externalities emanating from financial stress and failure.” Indeed
the idea of Pigovian taxes on the financial sector has become increasingly

1 But not only. Another long-standing concern is the exemption of most financial services
under the value added tax: see for example IMF (2101a), Keen et al. (2016). Shackelford
et al. (2010) also discuss aspects of financial sector taxation in light of the crisis.

2 The links between this debt bias issue and the corrective taxes that are the focus of this paper
are taken up in the concluding section.

3 Background papers, along with the report itself, are in Claessens et al. (2010).

4 For brevity, we speak of ‘banks’ and ‘bank taxes’ throughout, though in both principle and
practice the issues extend beyond narrowly-defined banks, and the term ‘levies’ is also often
used when emphasis is placed on the rationale for a charge as a user fee to cover ex ante the
costs of cleaning up post-crisis.

5 Taxation in the shape of deposit insurance has long been familiar in the sector, but this
has generally been seen as targeted at potentially ill-informed retail depositors rather than
as addressing the systemic risks at issue in the crisis. Another tax innovation coming out
of the crisis was the deployment of bonus taxes, aimed at addressing both distributional
concerns and incentives for excessive risk-taking: see for instance (on theory and evidence
respectively) Besley and Ghatak (2013) and Von Ehrlich and Radulescu (2017). Short-lived,
and in some cases explicitly temporary, these are not considered here.

6 This is the rationale, notably, for the contributions to the Single Resolution Fund (SRF) of
the EU, to be made by members of the banking union, established in 2016. These are of
essentially the form proposed in IMF (2010).

7 Distinct charges to these distinct ends could even co-exist. Austria, for example, reportedly
indicated an intention to impose both the bank charge introduced in 2011 and mandatory
contributions to the SRF.
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common currency, one recent example being the appearance of such a tax
on shadow banks in recent reform proposals of the Federal Reserve Bank of
Minneapolis (2016). These innovations in practical policy have taken place,
however, without (beyond a few important exceptions noted later) much pre-
cision as to how such taxes should be structured or calibrated.

The aim of this paper, which originated in the heady days of the crisis, is to
sketch how bank taxes might be designed to address what the crisis reminded
us can be strongly adverse external effects from the collapse, and potential col-
lapse, of systemic financial institutions,® along with associated issues relating
to bailout policy.

In their detail, the mechanics of these effects, operating both across finan-
cial institutions and between the financial and nonfinancial sectors, are com-
plex and varied. The former includes, for instance, the effects of firesale ex-
ternalities as distressed asset sales by one institution lead to price reductions
that jeopardize the solvency of others: this is a pecuniary externality that has
real effects as a consequence of incompleteness of markets and regulatory
and other constraints. They include too information spillovers (as bad news
about one institutions is taken as cause for concern regarding others). The lat-
ter include the likelihood that sharper credit constraints will limit opportuni-
ties open to nonfinancial businesses.’ Their ultimate consequences, however,
have been clear. During the Great Financial Crisis, many governments, lack-
ing tools to resolve systemically important institutions in an orderly fashion,
faced the dilemma of either letting such collapse occur, allowing these exter-
nalities full play and accepting the economic disruption that would imply, or,
instead, committing sufficient public funds for bailouts to avert this damage,
but in so doing trigger another kind of externality, and potential inequities, by
creating an expectation of future bailouts: the ‘too big to fail; syndrome.” Or,
of course, doing some of both.

The social costs associated with either course of action have proved very
high. Laeven and Valencia (2016) estimate the median cumulative output loss
in the four years following banking crises in advanced economies to be around
33 percent of GDP; Basel Committee on Banking Supervision (BCBS, 2010)
find a median cumulative output loss of 63 percent of initial GDP, and a
mean of over 100 percent. In narrower fiscal terms, governments’ exposures
at the height of the Great Financial Crisis were huge: through guarantees and
the like, the advanced G-20 economies committed to making an average of

8 There is of course also evidence of positive externalities from well-functioning financial
systems (Levine, 2005), but these are not at issue here.

9 Systemic externalities originating in the financial sector are reviewed in Bank of England
(2009) and Wagner (2010).
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25 percent of GDP available for support operations.!® And in normal times, of
course, the expectation of bailout manifests itself in reduced borrowing costs
that can amplify any inherent tendency toward excessive leverage of financial
institutions.

This dilemma is at the core of this paper. The central aim is to characterize
and explore, in a series of settings, the optimal design of corrective taxes on
bank borrowing (to discourage inappropriately low capital ratios) in the pres-
ence of this inherent dilemma: between, on one hand, incurring the collapse
externality associated with failure of systemic institutions or, on the other,
incurring a ‘bailout’ externality by providing resources to bail out creditors
should such institutions become distressed. In relation to the latter, a key and
very practical question is whether or not the government can credibly commit
to its bailout policy; both possibilities, and their implications for corrective
taxation, are examined.

Several post-crisis papers have taken up aspects of the use of Pigovian taxes
in the financial sector.!! Closest to the analysis here is Acharya et al. (2016),
which, as discussed further below, arrives by a different route at an optimal
tax formula that differs from but has strong similarities to that in Proposition
1 below; from there, however, they turn to their principal concert of charac-
terizing and measuring the contribution of individual financial institutions to
systemic risk, while the analysis here explores further the issues of tax design
and optimal bailout policy. The recent literature has also taken up the funda-
mental issue as to the relative merits of taxation and regulation in this context.
These are discussed, for example, in IMF (2010), Keen (2011a, b) and Coulter
et al. (2014). These issues,'? however, would require a fuller treatment that is

10 As of mid-2014 (no more recent data of this kind seem to be available), public support
actually extended to the financial sector since the Great Financial Crisis in a selection of
advanced countries averaged 7.4 percent of GDP (with a high of 41 percent in Ireland), of
which a little over one-third had been recovered (IMF (2014), table 1.4).

11 Less formal arguments to the same effect are in Shin (2010) and in the proposal of Perotti
and Suarez (2009) for a corrective tax on maturity mismatch that would be, in effect, largely
a tax on short-term debt. Several papers have argued for corrective taxation of unsecured
borrowing on other grounds. In Huang and Ratnovski (2009), for instance, it serves to re-
duce banks’ funding reliance on creditors with such high seniority that they may impose
inefficient liquidation in response to noisy signals on the institution’s prospects; in Jeanne
and Korinek (2010) it serves to discourage borrowing that increases asset prices and so,
in the presence of collateral constraints, amplifies volatility by allowing others to borrow
more too; see also Bianchi and Mendoza (2010) and Korinek (2009). As noted by Korinek
(2009), the characterization of optimal policy in terms of Pigovian taxation in these papers
is as an analytical convenience, with corresponding regulation seen as just as good a way to
implement it.

12 A further option for dealing with externalities is through ex post liability (Shavell, 2011) —
this is not especially attractive in the context of financial crises, however, since institutions
contributing to them may by then no longer exist.
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possible here, and so are not taken up in what follows — although, as will be
seem, some of the results below are relevant to it.

One area in which knowledge has advanced significantly since the finan-
cial crisis is the empirical importance of the tax issues addressed here. At that
point, it was not even clear whether — given the capital requirements that they
face — taxation had any significant impact on the financing decisions of banks.
Now it is clear that it does: banks generally hold a capital buffer above those
requirements, leaving clear scope for tax effects, as shown by De Mooij and
Keen (2016) and Hemmelgarn and Teichmann (2014). And indeed there is evi-
dence that the recent bank taxes have themselves had an appreciable effect: see
Devereux et al. (2013).13 It is worth noting too that while capital requirements
are now higher, and of higher quality, under Basel III, controversy continues
as to whether they are adequate.'*

The plan of the paper is as follows. The next section sets out a model of
a representative bank whose decisions determine its own risk of failure, and
formalize and explores the collapse and bailout externalities. Section 3 then
characterizes and calibrates the optimal corrective tax in that context. Recall-
ing the policy interest in using bank charges to provide ex ante financing for ex
post resolution, it also asks whether the revenue raised by such a charge can be
expected to be adequate to meet expected bailout costs. Section 4 then char-
acterizes optimal bailout policy and its implications for corrective taxation,
drawing an important distinction between the cases in which the government
can and cannot commit to its bailout policy. Section 5 extends the analysis to
settings with multiple and heterogeneous banks, dealing first with the case in
which banks are unconnected, before turning to that in which they are con-
nected through inter-bank deposits and finally considering the implications of
asymmetries of information between banks and government, Section 6 con-
cludes.

2. Banking and Systemic Externalities

This section develops a basic model of a single bank,'> with endogenous fail-
ure risk, that allows an initial characterization and exploration of the policy
dilemma raised above: the choice between allowing a failed institution to col-
lapse, or, to avoid the damage this would cause, bailing out its creditors.

13 Buch et al. (2017), however, find little evidence of a sizable impact from the German levy.

14 The highest capital requirement under Basel III, for systemically important banks, is
15.5 percent (relative to risk-weighted assets); there is also a leverage ratio (relative to
unweighted assets) of 3 percent. In contrast, the influential book by Admati and Hellwig
(2013), for instance, argues for a leverage ratio in the order of 25-30 percent, and Federal
Reserve Bank of Minneapolis (2016) recommends one of 15 percent.

15 Or many identical ones.
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2.1. The Bank

The ‘bank’ has equity capital in an amount K, taken throughout as given,'®

and chooses how much to borrow, B and lend, L (‘loans’), with
L=K+B. (M

It offers creditors a rate of return of p (inclusive of return of principal), the de-
termination of which is considered below. The return on loans (also inclusive
of principal), r > 0, is stochastic; its distribution, described by density ¢ and
(twice continuously differentiable) distribution function ®, is taken as given,
with ¢(r) > 0 for all r > 0. Denoting the risk-free return by ¢, it is also as-
sumed throughout that

/ T (= 0p(rdr = Elr ¢ > 0, 2

Loans are thus expected to yield more than the safe return: this ensures that
they are socially desirable and that banks are willing to borrow in order to
make them.

The assumed exogeneity of the distribution of returns means that the bank
has no choice as to the riskiness of its assets.!” This does not mean, however,
that it has no risk-taking decision to make. To the contrary, this assumption
serves to focus attention on the most fundamental of any bank’s risk decisions:
that of how large a risk to accept that the return on its assets will prove so low,
relative to its capital base and promises to creditors, that the bank fails and its
equity is wiped out.

Such failure arises if and only if the bank is unable to meet its obligations
to creditors in full, even by fully exhausting equity K. This happens'® if and
only if

rL < pB. (3

Defining the capital ratio k = K/ L (and using (1)) this defines a critical return
on loans of

R=p(1—k) @

below which failure occurs. All else equal, failure is thus less likely the lower
is the interest rate at which the bank borrows and the higher is its capital ratio

16 Keen (2011a) considers briefly the implications of adding an upward-sloping supply of bank
capital.

17 An alternative model of bank behavior (for a different purpose) that does incorporate a deci-
sion as to the riskiness of the bank’s assets is set out in de Mooij and Keen (2016); see also
Devereux et al. (2013).

18 To see that equity is in this case wiped out, recall that the interest terms include repayment
of principal: the rL term thus includes in effect full use of equity to pay creditors.
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(or the lower its leverage b = B/ L = 1—k). The probability of failure is zero
if and only if kK = 1 or, equivalently, b = 0.

In the event of bankruptcy, bank owners are assumed to incur costs — beyond
the loss of their equity — of § K. These might be literal bankruptcy costs, a loss
of ego rents (as in Dewatripont and Tirole, 1993) or loss of franchise value of
the bank (Hellman et al., 2000).

The government levies a per unit tax on the bank’s borrowing at rate t,
implying a tax charge of 1B = t(L — K). This, we assume for simplicity, is
payable and paid in full whether or not the bank fails.!® The choice of 7 is a
central concern in what follows.

Bank owners (and, later, creditors and the government) are risk-neutral.
Normalizing relative to the (fixed) amount of equity capital K, their problem is
thus to choose the capital ratio k to maximize the payoff to the bank’s owners,
which is given by

o [ (D)oo (1= oar—e(21). 6

where ®(R) is the probability of failure and the truncation in the integral
reflects the operation of limited liability (the full consequences of which ev-
idently depend on the return p required by the bank’s creditors, to which we
turn in a moment). We refer to 7 as the bank’s (after-tax) profits, though it
also reflects the bankruptcy costs § that may in part be non-pecuniary. To fo-
cus solely on Pigovian taxation as a policy instrument, there are no capital
requirements and no tax-induced debt bias of the kind that, as noted in the
Introduction, is inherent in most corporate tax systems.?’

It remains to characterize the determination of p, the rate at which the bank
borrows. One approach would be to assume creditors to be myopic, taking no
account of the possibility that the bank may be unable to repay them: this is
the archetypal view of small depositors and provides one rationale for deposit
insurance. More at issue in the crisis, however, was the behavior of large and
uninsured wholesale depositors, more naturally assumed to be sufficiently so-
phisticated (and well-informed) to take the possibility of failure into account
in their lending decisions. That is the assumption made here.?!

19 This assumption — implicit already in the failure condition (3) — avoids complications relat-
ing to the priority accorded to such obligations that are not of the essence to the issues at
stake.

20 De Mooij and Keen (2016) analyze debt bias in the presence of capital requirements.

21 As John et al. (1991) and Sinn (2003, 2010) stress, limited liability reacquires importance
when information is asymmetric between the bank and its creditors. Though the assumption
the lenders are fully informed requires quite a leap of faith, asymmetric information of this
type is not considered here, so as to focus on the inefficiencies associated with collapse and
bailout.
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In forming their expectations, creditors are therefore assumed to take ac-
count of any prospect of their being bailed out by the government if the bank
itself cannot meet its obligations to them. This possibility is characterized by
a parameter u € [0, 1] that can be interpreted as either the probability that all
creditors will be fully protected (in the sense of receiving the return p) by
the government or — the language used below — the extent to which each will
be protected (with 1 — p being, conversely, the extent of the haircut each will
take). Creditors are assumed throughout to take p as given, and it assumed for
now — this will be relaxed later — that the government’s commitment to this
bailout policy is fully credible.

Given their alternative of simply investing at the risk-free rate ¢, and as-
suming a competitive loan market, creditors will thus require a return p such
that

1-k/)J_

where the first term on the right reflects full payment of p on its borrowing
of B if the bank does not fail, the second the extent of the bailout of creditors
if it does, and the third?? that creditors not bailed out in the event of failure re-
ceive only the residual value of the bank’s assets. Notwithstanding the limited
liability of the bank’s owners, creditors thus receive an expected return equal
to the risk-free rate, through some combination of an elevated return when the
bank does not fail and in injection of public funds when it does.

Recalling that R = p(1 —k), equation (6) defines the rate of return on bor-
rowing as a function p(k, i), routine comparative statics showing that** p;
and p,, are both strictly negative (except, for the former, when p = 1, in which
case the bank can borrow at the safe rate).?* This is as expected: the less likely
is failure, and the higher is the probability of bailout, the lower is the rate at
which the creditors will be willing to lend to the bank. From this, the critical
return at which the bank fails is given by

R(k,p) = p(k,p)(1—k) @

1— R
£ = p{1— D(R)} + jp®(R) + (—) [ _roar ©

22 The lower limit of the integral is taken to be —oo in expressions like this, even though r is
assumed non-negative in all realizations, as a reminder that integration is over a range that
includes failure of the bank. Use is also made in this third term of the implication of (1) that
L/B=1/(1—k)).

23 Derivatives are indicated by subscripts for functions of several variables.

24 Explicitly:

o =_( (1-ws )
(1=k)2[1—o(1—p)]

kS
p“__<(1—k)[1—¢>(1—u)])' (N.1)
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with both Ry and R, strictly negative.

Solving (6) for p{1 — ®(R)} and substituting into (5), the bank’s objective
function, regarded as a function of its capital ratio and the two policy param-
eters, can be written as

n(k,t,u)z—CD[R(k,,u)]8+/_oo {r(%) —E(l —%)}qﬁ(r)dr

1 (8)
+MS(k,M)—f(E—1),

where
1 1 R(k,p)
SOk ) = p(k. ) PR (k. )] (rl) - (E) [ rewar o
R(k,p)
= (%)/ ' (R(k,u)y—r)re(rydr, (10)

the final step following from R = p(1 —k).

The expected payoff to bank owners thus comprises three components. The
first is the expected private cost of failure. This arises whether or not the gov-
ernment bails out creditors: equity is assumed to be wiped out whenever the
bank is unable to meet its obligations, any bailout applying only to creditors.
The second component is the value that the bank would have if there were
simply unlimited liability and no possibility of bailout (recalling that creditors
are then compensated for the risk of failure by a sufficiently high return p).?
The third component is the expected value of the bailout, u.S, and of interest
to owners not because they themselves will be rescued but because it reduces
the rate at which they can borrow while the bank is in operation. This term is
central in what follows, and merits closer attention.

2.2. The Bailout Externality

This third component of the bank’s maximand in (8), uS(k,u), is the value
to the bank — conversely, the revenue cost to the government — of expected
public support (topping up the residual value of assets) to pay off creditors
(expressed per unit of equity. K). This term thus captures the implicit subsidy

25 To see this, note that the return to bank owners given limited liability is

[Pl

Setting ;. = 0 in (6), when there is no possibility of bailout the return to creditors is

__ ¢ 1 K
"= 1o _((1—k)(l—@(R)))/_oo’¢(’)d"

Combining these two gives the second term in (8).
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from the prospect of bailout: the ‘too big to fail’ subsidy. It is in itself a trans-
fer, but inefficiencies will arise from the actions of bank owners to exploit it
(as well as from any distortionary taxes levied to pay for it). We refer to these
inefficiencies as the bailout externality.*

The properties of the bailout subsidy @S (k, ) will be important in what
follows and of interest in themselves. It is immediate from (10) that, for all
k <1, S is strictly positive, while differentiating in (10) gives?’

kS =—S+ R P(R)<0 (11)

so that (since that R; < 0) the bailout subsidy is strictly decreasing in the
capital ratio: banks that choose a safer capital ratio stand to benefit less from
the prospect of being bailed out. One might expect it also to be convex in k;
differentiating again, this will indeed be the case under the plausible condition
that Ry > 0 (though this will not be assumed in what follows). it can be shown
too that — also as one would expect — the bailout subsidy is strictly increasing
in the probability of bailout out,?® x.

To provide some sense of the possible magnitude of the bailout subsidy,
denote by p’ = p(k,0) the return that the bank would pay if there were no
prospect of bailout. Setting ;« = 0 in (6), this is given by

n
(= p{1- @)+ (ﬁ) /_ e 2

where R’ and @ denote the corresponding critical return and risk of failure.
Comparing this with (6), evaluated at the same capital ratio but for any bailout
probability u, gives

.
Sk, 1) = 0/ (1— ') — p{1 — B})b + (%) [ rowar 9

The subsidy is thus closely related to p’ — p, which is the reduction in the
bank’s borrowing rate consequent on the possibility of bail out. Estimates have
put this in the range of 10-50 basis points, and commonly around 20.% Equa-

26 Kocherlakota (2010) refers to this as a ‘risk externality’.
27 Itis assumed that k € (0,1) at all private and social optima considered.
28 Differentiating (10) with respect to u gives

S, = (%)Rm

__(L)
 \=o(1—p)

the second equality following on noting that R;, = p, (1 —k) and on using equation (N.1)
of footnote 24 above. Hence

 (1-D)S
SRS = Tonom

29 See Baker and McArthur (2009), Haldane (2009) and, for a review and extension of the
evidence, IMF (2010).

0.
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tion (13) also shows, however, that is not an exact measure of the value of the
bailout subsidy, ignoring as it does the two considerations that the benefit of
the lower borrowing rate applies only when the bank does not fail, and that
residual assets are lower in the event of default when there is some degree of
bailout (since default than occurs at a lower return on assets), which reduces
the cost to the government of making creditors whole and so reduces the value
of the bailout subsidy).

2.3. The Bank’s Choice of Capital Ratio

Differentiating in (8), the necessary condition on the bank’s choice of capital
ratio is

2

2
ﬂk(k,r,u)z—qb(R)é’Rk—(%) E[r—§]+/¢Sk(k)+r(%) =0. (19

The bank thus trades off the beneficial effects of a higher capital ratio in re-
ducing the chances of failure and cutting its tax bill against the adverse effects
through contracting a profitable loan portfolio and reducing the value of the
implicit bailout subsidy.

Satisfaction of the second order condition, however, is not assured by the
assumptions made so far.*® That the bank’s maximand may not be globally
concave is analytically inconvenient. The potential that it implies for small
changes in the environment to lead to large shifts between stable equilibria has
potential implications for the wider issue of choosing between tax and regu-
latory approaches that are discussed in Keen (2011b). For present purposes,
however, we set these difficulties aside and take the second order condition
to be satisfied, in which case (14) is easily seen to define the privately opti-
mal capital ratio as a decreasing function k(t) of the rate of bank taxation.
Substituting this into (8) then gives maximized profits 7 [k(7),].

30 This requires negativity of

1\’ 1\’
nkk=—\1’5+2(E) E[r—é’]-}-uskk—TZ(E)

where W = ¢/ (R;)? + ¢Ryx. It is reasonable to suppose the density of returns to be in-
creasing in the low tail associated with failure, and the intuitively plausible assumption that
Ry > 0 then ensures that > 0. The second order condition can be satisfied, however, only
if the effects through this and the tax-related term are strong enough to outweigh two others.
The first of these reflects the mechanical feature that increasing the capital ratio requires a
smaller reduction in profitable loans the higher is the initial ratio. The second reflects the
likely convexity of the bailout subsidy discussed above.
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3. Optimal Corrective Taxation with a Representative Bank

One of the two externalities highlighted in the introduction — the bailout exter-
nality — is directly present in the bank’s optimization problem, it is time now
to introduce the other.

3.1. The Collapse Externality

Failure of the bank is assumed to generate wider social costs, additional to the
cost K borne by owners and the fiscal cost S. These arise, however, only to
the extent that its creditors are not bailed out, reflecting the common rationale
for bailout as a circuit breaker, forestalling the operation of external effects
from a bank’s failure that trigger wider failures and damage to the real econ-
omy.*! The protection of creditors of AIG, Bear Sterns and RBS, for example,
reflected fear of the wider fallout from their collapse; the collapse of Lehman,
on the other hand, was an instance of the damage that unmitigated failure of a
systemically important institution can cause. As noted in the Introduction, the
mechanisms by which the distress and failure of financial institutions give rise
to these wider social costs of collapse are many and diverse, Here, however,
we simply take the social harm from unmitigated bank failure to be of the
form (1—pu)AK, with the magnitude of the collapse externality A > 0 taken
as exogenous. While a complete treatment would model these costs explicitly,
this would add another level of complexity; the simpler approach here of tak-
ing the social cost of the externality as parametric — also taken by Acharya et
al (2016) — has the merit of clarity and sharpness.*

3.2. The Optimal Tax on Bank Borrowing

The government, we assume, attaches full weight to the costs incurred by
owners in the event of failure. It also faces costs of A > 0 in raising the revenue
needed to finance any bailouts, reflecting not only deadweight losses in the
wider tax system but also perhaps a lesser social value of transfers to bank
creditors than of transfers from general taxpayers. Again normalizing relative

31 In practice, the decision to bail out an institution may of course reflect considerations other
than the avoidance of wider social damage, such as regulatory capture, the impact of lobby-
ing or the view of large financial institutions as ‘national resources’: see for instance Shull
(2010).

32 Proportionality in K is readily relaxed: the possibility, perhaps more plausible, that social
costs are proportional to the volume of loans or of deposits, for instance, can be encompassed
in the more general supposition that collapse costs (per unit of equity) are of the form A (k),
with A’(k) <O0.
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to equity, the government thus evaluates policy by the objective function
w(k.t.p) =m(k,7.pu) = P(R(k. 1)) (1 - ) A

1
—(1+A),uS(k,,u)+r(E—1), (15)

so adjusting the private after-tax profits of the bank by taking account of the
revenue it receives from the bank tax and the impact of the two externalities at
work: the collapse externality, and the fiscal cost associated with the bailout
externality.*?
Differentiating in (15) with respect to , taking account of the impact k, on
the bank’s choice of capital ratio (and the envelope property 7 = 0) gives
dw

2
——<(1—,U,)A¢(R)Rk+(1+)L)/LSk+r(l) )kr. (16)
dt k

Hence, since k, <0:

Proposition 1 The optimal tax on bank borrowing is characterized by

= (1—p)tc +putp >0, (17)
where

e =—A¢(R)R k> >0 (18)

3 =—(1+A)Skk? > 0. (19)

The optimal tax is thus a very straightforward weighted average of two cor-
rective terms, each addressed to one of the possible consequences of failure
identified above, the weights reflecting the likelihood of bail out. Each reflects
an element of social gain from an increase in the capital ratio (with the multi-
plication by k? translating this into a tax on leverage).>*

The first component in Proposition 1, ¢, is addressed to the collapse exter-
nality, with each small increase in the capital ratio induced by the tax reducing
the probability of collapse by —¢(R) Ry. Strict negativity of R ensures that
this component is strictly positive.

The second component, 7g, counteracts the bank’s incentive to increase the
bailout subsidy by setting a lower capital ratio than it otherwise would, an
aspect of corrective policy stressed, for example, in the informal treatments of
Weder di Mauro (2010) and Kocherlakota (2010). From (11), this term too is

33 There is, it should be noted, an element of schizophrenia here, if A is to be interpreted as
to some degree reflecting the deadweight loss of the wider tax system. For then revenue
from the bank tax, th, should also be weighted by A in (15). Allowing for this would simply
introduce a revenue-raising motive for the bank tax, which seems a second-order concern
for present purposes relative to the fiscal challenges often posed by bank bail outs.

34 Recall thatb =1/(1—k).
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strictly positive. Its magnitude depends, however, on the extent of deadweight
loss (or distributional angst) associate with financing the bailout: the greater
this is, the higher, as one would expect, is the optimal tax on bank borrowing.

In their Proposition 1, Acharya et al. (2016) arrive, within a different set-
ting, at a similar optimal tax formula that also comprises two additive com-
ponents. One, corresponding roughly to 7, relates to the cost of government
guarantees and is seen as related to idiosyncratic risk. The second, closer to
the collapse component 7, relates the externalities associated with systemic
failure arising from capital shortfall across the entire financial sector to the
expected shortfall of the institution conditional on such system-wide short-
fall: the institution’s ‘systemic expected shortfall (SES). The central focus in
Acharya et al. (2016) is then on the empirical exploration of the determinants
of SES. Here, however, we pursue further the public finance perspective, ex-
ploring the tax design and other implications (including for bailout policy) of,
and to that end extend, the simpler but more direct characterization established
above.

One clear public finance concern is with the revenue raised by the optimal
corrective tax. A common rationale offered for the bank levies introduced in
the wake of the financial crisis,> as noted at the outset, was to meet the fiscal
costs of dealing with bank failures. While this is a conceptually quite different
rationale from the Pigovian objective of changing behavior that is the main
concern here, it is thus of interest that (the proof being in appendix 7.1):

Proposition 2 The revenue raised by the component 73 of the optimal tax on bank
borrowing is at least as great as the fiscal cost of bailout, 1.S.

Put differently, the optimal corrective tax to address the bailout externality
is higher than that needed for an insurance-type charge to meet the expected
fiscal cost of bailout. Intuitively, this follows from the likely convexity of S in k
noted above (though that is not required for the result): the marginal damage
from reducing the capital ratio exceeds the average damage.

It is natural too to wonder how large the optimal corrective described in
Proposition 1 might be. Some rough calculations® can give a sense of possible
orders of magnitude of each of its two components.

Consider first the optimal tax on borrowing to address the collapse exter-
nality. Estimates of the probability of crisis ®[R(k, )] (reviewed in Annex 2
of BCBS (2010)) suggest it to be strongly convex in the capital ratio. Thus
—p(R(k, 1)) Ry (k,u) = ®(R(k,1u))/(1—k), and so a lower bound on the

35 And now reflected in the structure of the EU’s SRE.
36 What follows are not, it should be stressed, simulations.
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corrective tax related to the collapse externality is given by*’

2
. (ACDLR(k, )k ) 00
K(—k)
where K = K/GDP and A = A/GDP denote respectively bank capital and
collapse costs in percent of GDP. For the U.K., which has a large banking
sector, bank capital is around 10 percent of GDP; and reasonable figures for
cumulative output loss from systemic collapse might be, recalling the discus-
sion above, between 63 and 100 percent of GDP. For the five largest banks
in the United Kingdom, BCBS (2010) reports estimated (annual) probabilities
of failure (k) at various capital ratios (calculated using a Bank of England
model). These are shown in the first two rows of Table 1. Using these values,
the third and fourth rows of Table 1 report the implied upper bound on ¢ at
different capital ratios and for the two alternative collapse costs A.

Two features stand out. The first is that the (lower bound on the) optimal
tax is in some cases quite large, certainly much larger than those generally
adopted or envisaged: about 50 basis points in the more extreme of the cir-
cumstances shown. In the U.K. for instance, the bank levy was initially levied
at 7.5 basis points, and peaked in 2015 at 21 basis points. There is, it should be
noted, an important difficulty of interpretation here, in that the model is of a
single institution while the collapse cost estimates refer to the wider financial
system. For an institution that is indeed systemically important, of course, the
distinction is moot. Nevertheless, one might expect losses from isolated fail-
ures — to the extent that those can be imagined — to be less than those from the
system as a whole. This naturally reduces the optimal tax, though it plausibly
remains significant: if damage is only 25 percent of GDP, for instance, it falls
to 12 basis points at a capital ratio of 6 percent. The second and still more
striking aspect of the results in Table 1 is the very strong variation of the opti-
mal tax with the capital ratio (reflecting that of the probability of crisis): even
with potential output costs of 100 percent of GDP, the optimal tax is negligible
at a capital ratio of 12 percent. The implication is that the optimal borrowing
tax is likely to be highly nonlinear, increasing rapidly as capital ratios fall so
low as to markedly increase the likelihood of crisis.

Consider now the corrective taxation in respect of the bailout externality.
Taking the extreme case in which p = 1, an upper bound on the optimal tax
on borrowing is shown in appendix 7.2 to be given by

5 < (1+2)D(k)k>. @1

37 Here regarding ® as a function ®(R(k)) of k.
38 The error reflects the residual value of the bank’s assets in the event of its failure.
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The final two rows of Table 1 tabulate values of this approximation assum-
ing a risk-free interest rate ¢ of 3 percent and at two values of the marginal
excess cost of raising public revenue A: the lower of these, at 0.25, reflects
common estimates to be found in the literature, while the higher, at unity,
would be appropriate if bailouts could be financed by lump sum taxation but —
not wholly at odds with the views expressed by many — zero social value was
attached to the benefit that bank owners derived from being bailed out.

The implied corrective tax aimed at the bailout externality clearly looks
much smaller than that directed at collapse. But it is not trivial, being around
the order of magnitude of the initial bank levy in the U.K. It seems hard on
these very simple calculations, however, to justify the final value of the U.K.
levy without appeal to concerns with bank collapse.

Table 1
Approximating the Optimal Corrective Tax Components

Capital ratio, k

6 8 10 12

Probability of crisis (annual), ®(k) 128 2.6 09 0
Collapse externality, tc (u = 0):

A =063 31 11 5 0

A=100 49 19 9 0
Bailout externality, ¢ (L =1):

A=0.25 6 4 2 0

A=1 9 7 3 0

Note: Tax rates are in basis points, rest in percent. The ratio of bank capital to GDP, K, is taken
to be 10 percent, and the risk-free return, ¢, to be 1.03 (recalling that returns in the analysis are
inclusive of return of principal). The reported tax rates are (approximations to) the rates that
would be optimal if, given the assumed parameter values, they induced banks to choose the
capital ratio indicated.

4. Optimal Bailout Policy

The question also arises as to the government’s optimal bailout policy: the
choice, that is, of the extent to which it credibly commits to bail out creditors
in the event of bank failure. The banks’ owners, of course, always prefer bail
out to be as complete as possible, since it enables them to borrow at a lower
rate, which reduces the chances of their being wiped out and increases their
profits when they are not. This can be seen on differentiating in (8) and using
the envelope property 7; = 0 to find

dm
m =—6¢R, +(n+S8,)=0 (22)
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with non-negativity following from the earlier observations that R is strictly
decreasing and S is strictly increasing in p. Differentiating in (15), us-
ing (14) and again that m; = 0, the impact on social welfare of an increased
likelihood of bailout is then given by
dw
m=—[8+(1—@)A]¢R#+ACI>—A(S+;LS#). (23)
This is a straightforward trade-off between, on one hand, the benefits that
a more extensive bailout brings in reducing expected collapse and bankruptcy
costs (by allowing the bank to borrow more cheaply) and, on the other, the
expected fiscal cost of bailout. This runs starkly counter to the connotation of
bailouts as something uniformly undesirable. Apart from the distortionary (or
distributional) costs of financing them, bailouts are simply a transfer that en-
ables a socially desirable expansion of the bank’s loan portfolio by providing
a guarantee to its creditors and so reducing its borrowing costs. If there are
no fiscal costs associated with bailing out (A = 0) — unlikely, but an important
benchmark — then (23) implies that complete bailout is a first-best instrument
for addressing the inefficiencies associated with the possibility of failure —
with, of course, an appropriately high tax rate. And even when there is some
social cost to financing bailouts, so that A > 0, it will generally not be optimal
for the government to commit to never bail out.
Summarizing so far:

Proposition 3a If the government can commit, then full bailout (1 = 1) is optimal
if L =0. And while it is necessary for less than full bailout to be optimal that A > 0,
this is not sufficient.

It is perhaps more plausible to suppose, however, that the government can-
not credibly commit to its bail out policy, but must decide whether or not to
bail out creditors conditional on the realization of . When this is below the
critical level R, its options are to either allow unmitigated failure, resulting in
social costs of A K, or to bail out, incurring costs of A(pB —rL) in raising tax
revenue to top up the residual value of assets so as to leave creditors whole.
So bailout is ex post optimal if only if

- kA
I‘ZR(k)Eﬁ(l—k)—(T). (24)
where p denotes the rate at which the bank can borrow in these circumstances.
The government will thus bailout only if the failure is not too spectacular:
when r < R, the bank is ‘too big to bail’.*

39 The practical importance of this possibility is stressed by Demirgiic-Kunt and Huizinga
(2013).
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Taking account of the implications for the bank’s borrowing rate, which is
now determined not by (6) but by

. 1 R
5 =pt1-0Rn + (2 ) [_rowar -
1-k)J) oo
and proceeding as in deriving (8) above it is straightforward to show that both
the payoff to the bank and the objective of the government differ in the no-

commitment case only in that .S is replaced by

R
S(k)= % /R (R—r)p(r)dr, 26)

where R(k) = p(1—k) > R. This simply recognizes that the bank is now
bailed out only in the more circumscribed circumstances in which the return
on its loans is below R but above R.

Proceeding as for Proposition 1, the optimal bailout-related corrective tax
is in the no-commitment case then given by —(1 + )&)5 k2, where from (26)

kS =—8 + R {P(R)— ®(R)} — Re(R— R)$p(R). @7

This is evidently more complex than the analogous expression for the com-
mitment case, equation (11). To see the key difference, recall that in the com-
mitment case an increase in the capital ratio reduces the value of the bailout
subsidy by making it less likely that the bank will fail and hence less likely
that any bailout will come into play. In the no commitment case, in contrast a
higher capital ratio makes it cheaper for the government to bail out creditors,
and hence more likely that it will choose to do so — which acts in the direction
of the bank’s choosing a higher capital ratio than otherwise.

This new consideration has a striking implication: the optimal bailout re-
lated component tz may be strictly negative. That is, the incentive for the
bank to lower its borrowing costs by making itself more salvageable could be
so strong that the optimal corrective policy is to tax not borrowing, but eq-
uity capital. A sufficient condition for this is that ®(R) be concave between
R and R: not what one would normally suppose, but enough — given too that
clearly S < 0 for sufficiently low R (which effectively takes us back to the
commitment case) — to establish that the optional corrective tax in the no com-
mitment case can take either sign. More precisely:

Proposition 3b When the government cannot commit, the optimal bailout-relat-
ed corrective tax is —(14 1)S; k2. Its sign is ambiguous, a sufficient condition for it
to be strictly negative being that ®(R) is concave between R and R.

Proof. See appendix 7.3.
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5. Heterogeneous Banks

The assumption of a representative bank is a reasonable first pass at thinking
about either banks that are so systemically important that what happens to
them is effectively all that matters or so small that that their impact on others
can be ignored. But this is clearly a restrictive view, and this section sets about
relaxing it.

5.1. Unconnected Banks

Suppose now that there are two banks, A and B, distinguished by superscripts.
They are unconnected in the sense that they do not transact with one another;
the returns that they earn on their loans, however, may be correlated. Both are
as described in Section II, identical except perhaps in the marginal distribu-
tions and realizations of the returns earned on their loans and perhaps in the
social damage that their collapse would cause. The joint distribution of the re-
turns on the loans they make is denoted by ®(r*,r ). Each bank is treated in
the same way by the government, so each faces the same optimization prob-
lem, which is as above. They may choose different capital ratios because they
differ in the distribution of the return on the loans that they make (or, perhaps,
in bankruptcy costs).

From the social perspective, however, a range of possibilities now arise as
to whether neither bank, both banks, or only one bank fails — which may have
quite different external effects. This could arise in terms of both the collapse
and the bailout externality. For the latter, it could be that a rising marginal cost
of public funds makes it more than twice as expensive to bail out two banks
as it is to bail out one. Here, however, we focus on non-linearity in relation to
the costs of bank failure. This can be captured by distinguishing between the
collapse costs A4 and A® associated with failure of only one or other bank
and a collapse cost of A4Z when both fail. The assumption that

A > AL AB (28)

then captures the idea that some additional social cost arises when both banks
fail beyond those associated with the isolated failure of each.

Recalling (15), and assuming for simplicity that the extent of bailout u is
the same for isolated and simultaneous failures, the government’s maximand
is now

w= Y o (k) +(1 -k k) (29)

i=AB
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where, denoting marginal distribution and densities of 7’ by ®' and ¢’

o' (k"= &' (R(k', 1)) +/_Oo {r (kl) —;(%—1)}¢fdr

| (30)
—)L/LS(k,-,,bL)-F‘L’(F—l)
and
R(kA) poo
Q(kA,kz)EAA/ o r®drtdr®
0 R(K?)
R(kB) poo
—I—AB/ ¢ r®dridr? €
0 R(kA)

R(kA) R(KP)
+AAB/ / ¢(rA,rB)drBdrA
0 0

the three terms of which correspond to failure only of A (which arises when
r4 falls short of the critical R but 8 exceeds R?), of B only, and of both
banks.

The only change to the government’s problem thus arises through the more
complex structure of expected collapse costs. To see the implications, note
that differentiating in (31) shows the effect on expected collapse costs of a
small increase in k4 — which will drive the level of the corrective tax — to be

aQ A > A B B B R(kB) A B B

99 T [ praetyrtyart - / (RO, rP)dr
R(kB) 0

(32)

AB RED Ay By ,.B | pa
+A A d(R(k”),r*)dr” ; R},

The interpretation here is that an increase in A’s capital ratio makes it less
likely that only A will fail (the first term on the right), and (hence) also less
likely that both banks will fail (the third term), but makes it more likely that
only B will fail (the second). Rearranging this and denoting by @"I"* the
conditional distribution of 2, it is then straightforward to show, proceeding
as in deriving Proposition 1, that:

Proposition 4 With two unconnected banks, the optimal corrective tax on bor-
rowing by bank A is given by t = (1 — )¢ + pwtp > 0 where

e = {AY 4+ (AYB = A= ABYO "I (RBI R A (R R (k) > 0 (33)
while 3 remains as in (19). That for bank B is symmetric.

Comparing with (18) of Proposition 1, so long as there is some systemic
loss from a failure of both banks in the sense of (28) (and there is some prob-
ability that B will fail when A is at the cusp of failure) the optimal corrective



24 Michael Keen

tax on each bank is thus unambiguously greater than it would be if each were
the only bank in existence.

This is so, importantly, whatever the joint distribution of banks’ returns: the
additional tax component is positive, in particular, whether the correlation in
the banks’ returns is positive or negative. The nature of the correlation does,
however, affect the magnitude of this additional component of the corrective
tax. With independent returns, it becomes simply (A48 —A4—AB)dB(RE). A
positive covariance between the banks’ returns would be expected to increase
this component, leading to a greater corrective tax, since bank B is then more
likely to fail when A is on the cusp of failure. If returns are jointly normal
distributed, for instance, it can be shown that ®"" " (RB| R4) is increasing in
their covariance so long as R’ < E[r'], fori = A and B. In the limit, when the
returns of the two banks are perfectly correlated (so that there is no chance of
only one failing) the analysis reduces to that of a single bank as above, with
each bank optimally taxed at a rate reflecting the social cost A4 of their both
collapsing.

5.2. Connected Banks

One key source of systemic importance as the concept emerged from the crisis
is that of interconnectedness: the idea that the distress or failure of one institu-
tion directly increases the likelihood of distress or failure for others. And one
important source of such contagion, analyzed for instance by Allen and Gale
(2000), is inter-bank lending.

Imagine then that there are again two banks modeled as in Section II, but
now with bank B borrowing from bank A, but not conversely. Then B acquires
systemic importance in the sense that its failure, an inability to repay its credi-
tors will make failure of bank A more likely. This evidently makes the analysis
far more complex, but one likely conclusion seems clear: relative to the char-
acterization of the optimal tax on unconnected banks in Proposition 4, with
connected banks the corrective tax on borrowing by the systemic bank B in
relation to the collapse externality will include an additional term capturing
the increase in the likelihood of A’s failure conditional on B’s failure.

What quickly becomes clear, however, is that there is in this case an ad-
ditional and potentially important tax instrument to consider, beyond that
on bank borrowing in general: one on inter-bank borrowing. Addressing the
richer possibilities that thus arise with connected banks is an important but
difficult task that is not attempted here.
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5.3. Asymmetric Information

The assumption so far has been that the bank and government have the same
information on how the banks’ capital ratio affects its payoff and the probabil-
ity of its failure. In practice, banks are likely to have superior information as to
their own circumstances that affect these relationships — such as the riskiness
of their asset positions, the quality of their managers, and their willingness to
accept risk.

To see the possible implications of this for optimal tax policies — and their
link with regulatory ones too, it will turn out — suppose now, adopting a styl-
ized version of the model above, that the bank’s maximand is of the form
7 (k,a), strictly concave in k, and where a — referred to as ‘efficiency’ though
this is not the only interpretation — is some exogenous characteristic known
by the bank but not observed by the policy maker. Greater efficiency leads to
higher profits, so 7, > 0, and this effect is assumed to be stronger at lower lev-
els of the capital ratio (perhaps because of the greater difficulty of monitoring
the larger volume of loans this implies): thus, as a single-crossing condition,
Tk < 0. The privately optimal capital ratio for a bank of type a, k(a), is thus
defined by

i (k,a) =0 (34)

and is decreasing in a. Social welfare, in contrast, is given by 7 (k,a)—0(k,a),
where — again following the broad structure of the model above, while shed-
ding its details — the term 6 can be thought of as an amalgam of collapse and
bailout externalities; it is assumed that 6; < 0, 6;; > 0 and 6;, > 0. The first
best capital ratio for type a, implicitly defined by

m(k™a) =6 (k%a) <0, (35)

is then readily shown to be decreasing in a. Clearly too k*(a) > k(a), so that,
as in the simple model of Section II, the privately optimal capital ratio is, for
any type, lower than is socially desirable.

Supposing there to be just two possible efficiency types, with a; > a,, it
follows that the more efficient bank has the lower first best capital ratio: in
obvious notation, k" < k5. The question is how this allocation can be im-
plemented. Figure 1 illustrates, showing the payoff each type as a function
of k.

Importantly, regulation alone — in the form of a minimum capital require-
ments — cannot implement the first best, because of the self-selection con-
straints that need to be respected. If regulation takes the form of a minimum
capital requirement, this would have to be set at k{* in order to place the high
efficiency bank at the appropriate capital ratio. But then the low efficiency
bank is unrestricted in the neighborhood of its first best k., where its profits
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Figure 1
Bank Payoffs with Differing Efficiencies
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are strictly decreasing in k, and so will not choose that first-best: as drawn in
figure 1, it will instead choose its own private optimum k.

An alternative strategy is to offer banks a choice between capital ratios
k{ and k; . The difficulty then arises that the less efficient bank may prefer
the low capital ratio intended for the more efficient type to that intended for
itself:*° this is the case in figure 1, the payoff to the low efficiency type 2 being
higher at point B than at A.

The figure also suggests, however, that the first can be implemented by
levying a tax T on any bank choosing the lower capital ratio, intended for the
higher efficiency bank, that is high enough to deter the low efficiency from
mimicking the high efficiency bank — but not so large as to induce the high
efficiency bank to switch to the higher capital ratio that is socially appropriate
for the low efficiency bank. This means finding an amount 7 such that the
self-selection constraints

n(ky ,az) > w(ki,a2) =T (36)

(k' a))—T > n(ky,a) 37)
are both satisfied.*! That such a T can be found is established in appendix 7.4,
giving

40 Note that in the absence of any tax the self-selection constraint will never bite for the high
ability bank, since convexity of 7 in k means that that 7 (k,a;) is decreasing in k above k1,
and k¥ > ki > k.

41 It is assumed that 7 (k" ,a2) > 0, so that the participation constraint for the low efficiency
type is met at its socially optimal capital ratio. It is then straightforward to show that the
participation constraint for the more efficient type will also be met if the self-selection con-
straint (15) is met.
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Proposition 5 The first-best can be implemented by offering banks the choice
between (k*,T) and (k;5,0), where

T =max{n(k’,a;) —n((k),a>),0} > 0. (38)

Implementation can thus be achieved by offering banks a menu that allows
them to choose a capital ratio lower than some norm only on payment of an ap-
propriate tax.*? This result points too towards an integration of regulatory and
tax policies, being equivalent to setting a minimum capital requirement as the
norm, with the option of choosing a lower level conditional on payment of tax.
(Or, equivalently, to setting a minimum capital ratio but providing an appropri-
ate tax reduction or subsidy to banks choosing a higher ratio). The nonlinear
tax schemes to which Proposition 5 thus points are potentially complex — but
not obviously any more so than the differentiated capital requirements under
Basel III.

6. Concluding

Before the Great Financial Crisis, the presumption of tax policy makers was
that banks should be taxed in essentially the same way as all other businesses.
The externalities associated with bank failures were something for regulators
and supervisory authorities to worry about and take care of. While recali-
bration of regulatory and supervisory oversight has been a primary policy
response to the financial sector externalities so painful during the crisis, the
emergence of bank taxes is a marked departure from that prior view of an
essentially passive role for taxation. Beyond drawing a general analogy with
Pigovian taxes, however, relatively little formal attention was paid to the de-
sign of such taxes from an explicitly corrective perspective. The aim in this
paper has been to go some way to providing such an analysis.

For the benchmark case of a single representative bank, the analysis here
establishes the optimal corrective tax on bank borrowing as a weighted aver-
age of two components, with the weights reflecting the probability that col-
lapse will be averted by bailing out creditors. One component addresses the
collapse externality (and so is weighted by the probability of collapse). In the
case of a representative bank, this takes a simple and predictable form: bank
borrowing is taxed at rate equal to the product of the impact of higher leverage
on the probability of failure and the social damage that failure would cause.
The other component of the optimal corrective tax is addressed to the social
costs of guaranteeing bank creditors in order to avoid collapse. This depends
not only on the marginal cost of public funds — which shapes the social cost
of taxpayer support — but, in more complex ways, or the extent to which the

42 Boyer and Kempf (2017) arrive at a similar result.
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government can credibly commit to such bailout. When the government can
commit, the extent of that commitment can itself be seen as a choice variable —
and it has been seen here that when the marginal cost of public funds is low,
it may indeed be optimal to wholly insure bank creditors. Importantly, given
the fee-type rationale sometimes given for bank taxation. the bailout compo-
nent — mitigating the incentive for the bank to take on excessive risk in the
expectation of public support in the event of failure — is optimally set above
the insurance-like level that would recoup the expected fiscal cost of future
bailouts. When the government cannot commit to its bailout policy, and may
lack the resources to bail out creditors in the event of failure, this component
of the optimal corrective charge may well be lower, since the bank itself then
has an incentive to limit its borrowing so as to make it relatively cheap for the
government to bail out its creditors.

Additional considerations arise with heterogenous banks. When banks are
not directly connected but differ in the distributions of their returns, then —
whatever the correlation between these returns — the optimal corrective tax is
higher than in the case of a representative bank so long as there are additional
social costs from simultaneous failures. Connectedness through one-way in-
terbank loans, the analysis here also suggests, points to a still higher correc-
tive tax on the depositing bank — an outcome, importantly, that no single-rate
bank tax (or uniform capital requirement) can achieve. A similar conclusion
emerges from the analysis of asymmetric information, with the optimal policy
implemented by offering banks a menu that involves a higher tax charge on
those that, being more efficient, wish to operate with a lower capital ratio.

The focus of this paper is in important respects narrow. Technically, there
is much that is left open by the analysis here. Inter-connectedness, in particu-
lar, raises complex issues of both definition and measurement — as explored,
for instance, in Acharya et al. (2016) and Adrian and Brunnermeier (2016) —
as well as, potentially, a richer set of tax instruments than the simple charge
on bank borrowing considered here. Nor, more fundamentally, has the paper
taken up the relative merits of taxation and regulation. Much of the analysis
could be interpreted, indeed, in terms of defining optimal capital requirements.
What then does emerge, however, is the inadequacy of applying the same cap-
ital requirements to heterogeneous banks — and indeed Basel III steps ways
from that, with the introduction of supplementary requirements for systemi-
cally important institutions. Intellectually at least — and therefore perhaps, at
some point, in practical terms too — the question of whether that differentiation
is best achieved by tax or regulatory measures (which has hardly been raised,
for instance, in the context of inter-connectedness), remains open.

The discussion has been narrow too in terms of practical policy priorities.
Given current tax policies, the question of whether Pigovian taxes on bank
barrowing are appropriate is very much second order. The first order issue is



Bank Taxes, Bailouts and Financial Crises 29

the systemic bias towards debt finance inherent in most corporate tax systems.
The Pigovian question is whether borrowing should be penalized. But exist-
ing debt bias means that it is now inherently, and very extensively, tax-favored.
Bank taxes could in principle be a way to offset that bias in the financial sec-
tor. But that would require such taxes to be levied at a much higher rate than
observed in practice: at a borrowing rate of 5 percent, for example, undoing
the effects of deductibility at a corporate tax rate of 20 percent would require
a tax on borrowing of 100 basis points. Recent work suggests that the social
costs of this debt bias may well be high: De Mooijj et al. (2014), for example,
put the gain in expected output from eliminating the debt bias associated a cor-
porate tax rate of 28 percent at up to 12 percent of GDP. It is, at the very least,
perverse that regulatory measures designed to discourage excessive bank bor-
rowing are combined with tax systems that do the exact opposite. Dealing with
this remains the central challenge in fixing the tax treatment of the financial
sector.

7. Appendix

7.1. Proof of Proposition 2

The revenue raised by the component 7z of the optimal tax on borrowing is
—(1 4 A)Sxk?B, while the cost of bailout is SK. Since A > 0 and B/K =
(1—k)/k, it therefore suffices to show that —k(1 —k)S; > S. For this, note
from (11) that

—k(1=k)Sy =(1—k)S—(1—k)R,® (39)
=(1—k)S+RO>—(1—k)*p; ® (40)
R
=S+/ redr—(1—k)*p,®> S, (41)
—00

where the second equality uses the implication of (4) that Ry = pr(1—k)—p,
and the third follows from (10).

7.2. Derivation of Equation (21)
With =1, (6) implies that p = ¢, and so from (9)

— {(=k)
s=coga-0l( ) -(3) [ rewar -

Differentiating this with respect to k and canceling terms gives

1\2 [e0—h
Sy =—CP(R)+ (E) / r¢(r)dr (43)
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from which, the integral term being non-negative and recalling the definition
of 7¢ in (19), the inequality in (21) follows.

7.3. Proof of Proposition 3b

Note first that, subtracting and adding R {®(R) — ®(R)}, (27) can be written
as

kSi =—S + (Ry— R){®(R) — ®(R)} + Ri{®(R)
—®(R)—(R—R)$(R)}. (44
From (26),

~ R ~ R ~
kS:/z; (R—R)qb(r)—i—/;? (R=r)p(r)dr (45)

R
- (R—Ié){cb(le)—c1>(1fe)}+/~ (R—r)p(r)dr (46)
R
and hence, since R — R= k(R,— ﬁk),

R
—S = —(Ri— R){®(R)—P(R)} + (%)/R (r—R)¢(r)dr. (47)
Substituting this into (44) gives
R
k5: = R o(R) ~0R) ~(R=Rp(R+ (1) [ = Rrgcryar
(48)

Since the final term of the right of (48) is strictly positive for R > R and
concavity of ® over this range implies that ®(R) — <I>(I§) <(R- ﬁ)¢ (ﬁ), it
suffices to show that p; < 0 and hence that ﬁk <0.

For this, dividing by B and differentiating in (25) gives, on canceling terms
and rearranging

1 R
Pk:_((l_cp(ﬁ)(]_k)z)/_ooi’¢(r)dr<0 49)

as required.

7.4. Proof of Proposition 5

There are two possibilities.
The first is that T = 7 (k*,a,) — (kS ,a,) > 0. In this case, in the absence
of any tax, the self-selection constraint on the low efficiency type would bind:
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so (36) must hold with equality. To see that (37) holds, note that since k" < kJ
and m, <0,

/kk (i (ke ay) — (k. )y dk > 0, 50)
Hence
n(ky, ar) —m(ki.a2) > (k3 ,ar) —w(k{.a) (51)
or
=T > n(ky,a;)—m (k] ,ay) (52)
which gives (37).

The second possibility is that 77 (k;,a,)—m (k5 ,a;) <0,and hence T = 0. In
this case it is immediate that (36) holds. And (37) holds because k) > k{* > k,
(so that k5 is further along the downward-sloping part of 7 (k,a,) than is k).
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