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Abstract

This paper models monetary policy’s transmission to bank risk in presence of a
capital requirement ratio. We show that the impact of a change in monetary policy rate on
bank’s risk level is not independent from the strength of the capital requirement ratio. A
monetary easing, as well as a monetary contraction, may lead bank to take more risk
according to some effects related to the risk sensitivity of its intermediation margin and risk
sensitivity of the prudential tool. We show that the combination of monetary policy with
prudential policy has different outcomes in terms of financial stability and expected cost of

bank failure.
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1 Introduction

Since the mid of 2022, central banks of develop countries decided to increase interest
rate to fight inflation. If this increase in interest rates - although still relatively low compared
to inflation - is welcomed and called for by many economists, it nevertheless raises questions
about its impact on the economic and financial sectors. The situation is similar to that which
led to the 2008 financial crisis. This increase of interest rate comes after a long period of low
and negative interest rate that may have led banks to take more risk as demonstrated
through the risk-taking channel of monetary policy (Bernanke and Blinder, 1988; Bernanke
and Gertler, 1989; Rajan, 2005; Jimenez et al., 2008; Gambacorta, 2009; Altunbas et al.
2014). These authors find that monetary easing induces bank risk-taking and that extended
period of low interest rate exacerbate banks risk-taking. If decreasing interest rate whets
banks risk appetite, it has been shown that monetary tightening could also lead to more
risk-taking due to decrease in bank franchise value, increase in bank opportunity and
refinancing costs (Smith, 2002; Gan, 2004; Agur and Demertzis, 2012). Besides, there is a
growing concern about the risk of a financial crisis and its consequences in terms of cost to
society. The cost of the crisis is related to the cost of rescuing banks resulting in reduced
economic growth, increased government debt, increased unemployment, reduced government
spending and decade-long austerity (Dinesen, 2020). To date, studies on the link hetween

monetary policy, risk-taking by banks and the cost of bank failure are scarce.

However, we can imagine that prudential policy could counter this source of financial
instability and limit the crisis cost. By mitigating banks’ risk-taking incentives, prudential
policy should offset the negative effects of an accommodative monetary policy (Gertler and
Karadi, 2011). Nevertheless, prudential policy can also affect the real economy and may
conflict with monetary policy objectives. Thus, the increase in constraints on bank capital
(microprudential approach), the introduction of maximum leverage or a counter-cyclical
capital buffer (macroprudential approach) can limit the volume of credit, increase financing
constraints and slow the economic activity. As a result, there could be an aggravation of the

risk and the cost of a crisis.

Therefore, it appears necessary to analyse how the impact of monetary policy on
banks’ risk in presence of a prudential policy could help in determining the crisis cost. We

try to carry out this analysis in this paper.



We model the choice of the optimal risk level of a representative bank that seeks to
maximize its net profit (i.e after repaying deposits remuneration and dividends). We follow
Carletti et al. (2020) and assume that the bank have access to risky investment portfolios
and need external funds to finance them. These external funds come from households in the
form of capital and deposits (which is inelastic). Households provide the bank a fixed amount
of capital which is more costly than deposits (since it includes the risk premium). The banks
face a continuum of investment portfolios with different risk profile. For each risk profile
there is an infinite amount of investment portfolio. Each investment portfolio’s return
increases with the risk profile while its probability of success decreases. However, there is a
regulator that imposes a risk sensitive capital requirement ratio to the bank, i.e the bank
should provision a supplement of capital for each unit of risky investment portfolio. Thus,
when the risk level of financed investment portfolios increases, the capital requirement
constraint tightens, leading bank to provision more capital per unit of investment portfolio.
Since the bank capital is fixed, the tightening of the capital constraint translates into the
reduction of the amount of financed investment portfolios. The bank reimburses depositors
only in case of success. Therefore, in case of a bank failure, we assume that there is a deposit
insurance that reimbursed depositors. In other words, we agsume that in the event of a crisis,
the bank is bailed-out. We opt for bank bail-out instead of bail-in for two main reasons.
First, if bail-in is optimal ex-post, it sub-optimal and undesirable since it creates a problem
of dynamic inconsistency that can exacerbate instead of mitigating moral hazard (Pandolfi,
2018). Second, bail-out, even if not desirable, remains the preferable alternative to deal with
“too-big-to-fail” (TBTF) or the “too-interconnected-to-fail” (TITF) or the “too-many-to-
fail” (TMTF) problem (Berger and Roman, 2020).2

Through this modeling, we conduct a two-stage analysis. On the one hand, we assess
the impact of a change in monetary policy, designed as a change in risk-free interest rate,
on the optimal risk choice of bank and examine how it interferes with microprudential policy.
On the second hand, since changes in the risk level induce changes in the amount of financed
investment portfolios (through the capital requirement ratio), there are also changes in both
the probability of a bank failure and the amount of deposits to be reimbursed in case of

bank failure. Therefore, we also examine how monetary policy impact the expected

2 For more detail on the debate bail-in versus bail-out, see Avgouleas and Goodhart (2015), Boccuzzi and De
Lisa (2017) and Bernard et al. (2017).



resolution cost of a bank failure, and identify the condition under which a macroprudential

tool such as the leverage ratio could help to limit this cost.

Our findings are as following.

First, the bank’s risk-taking behavior following a change in monetary interest rate is
driven by two opposing effects: the expected net marginal intermediation gain and the
additional capital provisioning. Hence, we find that a decrease in the risk-free interest rate
could lead either to an increase or to a decrease in the bank’s optimal risk level. If the
expected net marginal intermediation gain following an increase in risk is enough to cover
the rise in additional capital provisioning, a monetary easing pushes up the bank’s
equilibrium risk level. Conversely, if the expected net marginal intermediation gain following
an increase in risk is lower than the additional capital provisioning, then the bank finds it
optimal to decrease its risk level following monetary easing. Thus, the effects of monetary
policy on bank’s risk mostly depend on the sensitivity of both the capital requirement ratio
and the intermediation margin to risk. The bank’s risk-taking behaviour depends not only
on the expected intermediation margin, but on the additional capital charge as well. When
the additional capital charge is lower than the expected intermediation margin, the bank is
likely to take more risk when interest rate changes. However, the bank reduces its level of
risk when the resulting gain in cost of capital (reduction of capital cost induced by lower
capital constraint) is greater than the decline in the expected intermediation margin. So,
the effects of monetary policy on bank’s risk-taking behavior are not independent from the

“strength” of the microprudential policy.

Second, we establish that monetary policy does not have implications only in terms
of financial stability, but also in terms of the probability and cost of bank failure. The
presence of a deposit insurance makes the bank free of reimbursing deposits in case of failure.
Since the bank could take more risk following any change in monetary rate, the consequences
are twofold. On the one hand, there is an increase in the probability of default of the financed
investment portfolios by the bank, increasing the risk of a bank failure and placing the
burden of the crisis resolution on the society. On the other hand, higher risk induces a
tightening of the capital constraint (higher amount of capital per unit of financed investment
portfolio). Since the bank capital is supposed fix, higher risk translates into lower leverage

(less investment portfolios are financed), reducing the amount of deposits to be reimbursed



in case of a bank failure. We identify four effects (two direct effects and two indirect effects)
that help in determining the impact of monetary policy on the cost of a bank failure. A
change in monetary rate induces a change in the deposits cost, what we call the price effect.
As indicated in our first result, changes in monetary rate induce changes in the bank risk
level (called the risk-taking effect). The two indirect effects are as follows. On the one side,
the change in the bank risk level induces a change in the bank probability of default,
resulting in a change in the probability that a bank failure occurs (called the fragilization
effect). On the other side, changes in the bank risk level induce a change in the bank leverage,
inducing a change in the amount of deposits to be reimbursed by the deposit insurance
(called the leverage effect). Hence, any change in monetary policy is followed by either an
increase or a decrease in the expected cost of bank failure according to the the bargaining
forces of these four effects. It appears that in some cases, the single microprudential is
sufficient to ensure both a more stable financial system and a lower resolution cost in case
of bank failure. However, in other cases, the increase in the resolution cost of a bank failure
is mainly driven by the leverage effect. Then, a macroprudential policy, such as a leverage
ratio must be coupled to microprudential policy to achieve these two goals. In these latter
cases, it can be possible for the regulator to attenuate the increase in the resolution cost by

imposing a leverage ratio which may limit the increase in the bank’s leverage.

These findings provide some arguments in favour of the coordination of monetary
and prudential policies. However, if the coordination of the two policies is desired, the
question of how it should be achieved remains. While the existence of an optimal level of
sensitivity of the microprudential tool has been shown, its implementation in practice is not

obvious.

The features of our model are close to those existing in the literature on banking
regulation (Van den Heuvel, 2008; Covas and Fujita, 2010; Agur and Demertzis, 2019;
Jeanne and Korinek, 2020; Carletti et al., 2020). Our model adapts features of the models
developed by Van den Heuvel (2008) and Carletti et al. (2020). We borrow their bank
objective function to analyze the interaction between monetary and prudential policies in
the banking sector. The question of coordination of monetary and prudentail policies in a
country has been tackled by Jeanne and Korinek (2020). In their model, monetary policy
has a resolution objective that triggers more ex-ante risk-taking. Setting an ex-ante

prudential policy allows to solve the time inconsistency problem of monetary authority.



Contrary to them, monetary policy is not considered as a mopping after the crisis policy,
but as a policy that affects bank intermediation activity. Therefore, the bank risk-taking
behaviour in our model is driven by the expected gain from such a strategy in regard to its
intermediation margin and the capital requirement charge. Furthermore, in our model,
monetary and prudential policies play simultaneously, contrary to Jeanne and Korinek
(2020) where each policy individually plays at a unique period. Another model that is closer
to ours is that of Agur and Demertzis (2019) which model the transmission of monetary
policy to bank’s risk-taking and its interaction with prudential policy through a leverage
ratio. Contrary to them, we model the transmission of monetary policy to bank’s risk-taking,
its interaction with prudential policy through a capital requirement ratio and analyse
conditions under which a leverage ratio may complement the capital requirement ratio in
limiting the cost of a bank failure. We take into account the capital cost, assuming that
bank’s owners and manager are different. The bank’s manager seeks to maximise the bank’s
net profit (after repaying depositors and shareholders). Moreover, contrary to Agur and
Demertzis (2019), we evidence that a monetary contraction, as well as a monetary easing,
may encourage bank to take more risk according to the bargaining power of the

intermedition margin and regulatory effects.

The rest of the paper is as follows. Section 2 describes the model by presenting the
agents and the agsumptions. The bank’s problem is examined in section 3 while the bank
risk channel of monetary policy and its interaction with prudential policy are analyzed in
section 4. Section 4 analyses the implication of monetary policy in terms of expected cost of
bank failure. Section 6 gives an overview of the outcomes of different combination in terms

of risk-taking and expected cost of bank failure. And section 7 concludes.

2 The structure of the model

We propose a model where a bank chooses its optimal investment portfolio risk level
under various banking regulation and monetary policy. There are 4 types of agents in the
economy: households, a monetary authority, a prudential authority, and a representative

bank. We present each type of agent in the next sub-sections.



2.1 Houscholds

Households in the economy are endowed with a revenue and are patient agents. They
are either depositors or shareholders. As depositors, households lend large part of their
revenue to the bank as deposits for a remuneration at the risk-free interest rate (§). We
assume that deposits offer is inelastic, i.e the amount of deposits does not respond to changes
in the risk-free interest rate. Household as shareholders are assumed to be risk tolerant
(contrary to depositors) and provide the bank with a fix amount of capital K at a cost p
which is greater than the interest rate on deposit (the risk-free interest rate). The
remuneration of shareholders is higher than that of the depositors because the latter are
covered by a deposit insurance in case of bank failure. In other words, the capital is assumed
to be a more costly form of funding than deposits, with p > & (Gorton and Winton (2002)
and Repullo (2004)).3

2.2 Monctary and Prudential authoritics

We assume that monetary and prudential are in charge respectively of monetary
policy and prudential policy. The two policies are assumed exogenous, independent and

coordinated.

In general, monetary policy’s aim is to regulate inflation and output gap by setting
interest rates. As established by preceding studies, monetary policy also affects the financial
system (Bernanke and Gertler, 1995; Bernanke et al., 1996; Smith, 2002; Rajan, 2005; Adrian
and Shin, 2009; De Nicolo et al. 2010). Since we develop a partial equilibrium model, we do
not consider the macroeconomic objectives of monetary policy but assume these objectives
as exogenous to our model. We focus only on the impact of change in interest rate on the
financial system and seek to determine how a change in interest rate impacts the bank’s
optimal risk choice and the expected cost of a crisis. Hence, changes in the risk-free interest

rate § are used as proxy for monetary policy.

Prudential policy, for its part, deals with micro- and macroprudential policy. In our

model, we focus on the microprudential side by considering that the prudential regulator

3 Shareholders provide a fix amount of capital K and ask for a return p that includes their risk premium.



acts through a capital requirement ratio (microprudential tool) and aims at strengthening
bank soundness. The capital requirement ratio has been largely considered as efficient to
deter the bank’s risk-taking (mitigating the risk-taking behaviour that stems from limited
liability and deposit insurance). In this model, we model the microprudential policy through
a risk sensitive capital requirement ratio, following the Basel III logic. The microprudential
policy consists for the regulator to set the risk sensitivity of the capital requirement ratio.
In other words, the regulator defines how the capital requirement ratio responds to changes
in the bank risk level. A high sensitivity implies that the higher the bank's risk level the

tighter the capital requirement.?

Besides, due to the deposit insurance, the whole economy bears the resolution cost of
bank failure. The expected cost of bank failure can be declined into the frequency and
severity of a crisis. On the one side, bank's risk-taking does not only threats the financial
stability, but also increases the probability of default which translates into higher probability
that a crisis occurs (higher frequency of crisis). On the other side, the higher the bank's
leverage the more severe the crisis since the deposit insurance (which increases the moral
hazard and risk-taking by the banks) leads the whole society to bear the cost of the
resolution once the crisis materializes. Based on Berger and Roman (2020), we opt for a bail-
out in case of a bank failure since it appears to be the more preferable strategy to deal with
“too-big-to-fail” (TBTF) or the “too-interconnected-to-fail” (TITF) or the “too-many-to-
fail” (TMTF) problem. In this sense, we assume that the regulator also care about the
expected cost of a crisis resolution for the society. Therefore, we consider that the regulator
will couple a macroprudential tool to the capital requirement ratio to reduce the expected

cost of bank failure.

For consistency in the sequence of actions, we assume that monetary policy and

prudential regulator set respectively interest rates and the prudential tool at the same time.

4 In a more recent study, Ahnert ot al. (2020) show that the regulator should use risk-insensitive capital

requirements in case of inaccurate information about the bank’s Loss Given Default (LGD).



2.3 The representative bank

We follow Carletti et al. (2020) and assume that the representative bank has access
to a risky investment portfolio and needs external funds to finance it, i.e the representative
bank is financed by capital and deposits raised from households. The bank collects deposits
from households at a cost § which is also the risk-free interest rate set by the monetary
policy. We assume that deposits are covered by a deposit insurance and that the supply of
deposit, is inelastic to the risk-free interest rate. It means that the bank can collect an
indefinite amount of deposit paying 6. The bank is also endowed with a fix amount of

capital K provided by shareholders.

There is a continuum of risky investment portfolio distributed according to their risk
level a such that a € [0;1]. For each risk level, there is an inelastic demand for funding.
We respectively denote by R(a,6) and P(a) the gross return and the probability of
success of an investment portfolio according to its level of risk @. We make the following

assumptions on these two functions.

H1. Safe investment portfolios (& = 0) yield the risk-free interest rate (R(0,8) = 6)
with a probability of success P(0) = 1, whereas higher risky investment portfolio (& — 1)

yields the maximum gross return of R(1,8) = R with a probability of success P(1) =

.

Prin -

H2. The gross return is an increasing concave function of the investment portfolios’
9%R(a,6) _

5z = R'a(@,6) <0, lim,_oR o (a, ) = +

level of risk with % =R'y(a,8) >0,

and lim,_,R'4(a,6) = 0.

H3. The probability of success is a decreasing concave function of the investment

2
@ — pro(@) <0, 22D = p" (@) < 0, limyoP'q(@) = 0

da daz

portfolios’ level of risk, with

and lim,_,P', (@) > —co.

> We follow Martynova et al. (2020) and set the parameter space so as the bank opportunistically chooses a
risky rather than a safe investment portfolio. Hence, we assume that the expected return to the bank from the
risky investment portfolio is higher than that from the safe one, creating risk-shifting incentives, i.c
P(a)R(a,8) > 6 for 0 <a < 1. Hence, for a fully risky level @ - 1, the expected return is P(1)R(1,6) =
8

PpnR > 8. So the fully risky investment portfolio has a probability of success P > =



H4. The gross return of an investment portfolio is positively related to the risk-free

OR(a,6) '
s = R'5(,6) > 0.

interest rate and

Lemma 1: The expected return is given by P(a)R(a,d) and is maximum for @ such

that 0 <a < 1.
Proof: see Appendix 1.

The bank is confronted with a risk-sensitive prudential regulation and must hold an
amount of capital in line with the risk level of the investment portfolios it finances. We
define L as the total amount of risky investment portfolio financed by the bank and the
minimum level of regulatory capital the bank must hold is given by k(@)L with k(a) a
measure of the risk-sensitive regulatory capital ratio. In accordance with the Basel III
banking regulation, we assume that k(a) is an increasing concave function of the risk of
D — k(@) >0, T = k" () <0, k(0) =k >0 and

da?

the investment portfolio with
k(1) = k < 1. It means that a minimum amount of capital is required even for financing a
safe investment portfolio and that the amount of capital for financing the riskier investment

portfolio as a maximum value.

The objective of the bank is to maximize its profit by choosing the investment
portfolios risk level it finances under the constraint given by its available amount of capital

K, which means:

max (e, 6) = LR(a, §)P(a) — (L — K)6P(a) —Kp (1)
s.t. K2 k(a)L

The first part of the equation (LR(a,§)P(a)) is the expected revenue of the bank.
(L—f) is the total amount of deposit that is required to finance the amount L of
investment portfolios. The cost of these deposits is equal to § and due to limited liability
and deposit insurance, the bank repays deposits only in case of success, with probability

P(a). Thus, (L — K)S8P(a) is the cost of deposits in case of bank’s success. The last term



of the profit function, Kp is a measure of the capital cost paid even in case of failure.”

As capital is costly, the bank doesn’t hold excess capital over the regulatory level

(Repullo and Suarez (2004)) and we have K = k(a)L."

Consequently, the bank maximizes the following profit function:

max n(a,8) = LR(a, 8)P(a) — (L — k(a)L)SP(a) — k(a)Lp
max m(a,8) = L[R(a,6)P(a) — (1 — k(a))6P(a) — k(a)p] (2)

3 The bank’s problem

The representative bank chooses the risk level a* that maximizes its profit given the

regulatory standards and the value of the risk-free interest rate fixed by monetary policy.

max (@, 6) = L[R(a, 5)P(a) — (1 — k(a))SP(a) — k(a)p] (2"

Proposition 1

1) There is a unique risk level a* €]0;1[ that maximizes the bank’s profit and

a*<a;

that determines the bank’s

W For a, there is a credit volume L* =k(1:;*)

equilibrium leverage ratio.

Proof: see Appendix 2.

& We follow Van den Heuvel (2008) and assume that the objective of the bank is to maximize shareholder
value, net of the initial equity investment. The bank compares the projects’ net return (net of deposit cost) to
the cost of capital and invests if the projects' net return is greater than the cost of capital.

7 Since capital is more expensive than deposits and must be remuncrated, it is not optimal for the bank to
hold excess capital over the regulatory level.



The rationale of proposition 1 is that the bank’s choice results from the interaction

of two effects: the profit effect and the regulatory effect.

The profit effect is as follows. Recall that the bank’s primary objective is to maximize
its profit. For a given risk-free interest rate, the bank increases its revenue via risk premium
by investing in risky investment portfolios. Albeit increasing risk level increases the bank’s
revenue, it decreases the probability of success of the investment portfolios as well. Then,
ceteris paribus, the profit effect results in the trade-off between increasing revenue (via more
risk) and decreasing probability of getting this revenue. According to Lemma 1, we know

that this profit effect is maximum for «a.

The regulatory effect stems from the change in the regulatory capital following a
change in the risk level chosen by the bank. When the bank increases its risk level, the
regulatory capital increases, reducing deposit financing. However, since the cost of capital is
higher than the deposits cost, the marginal funding cost increases with the risk. Then, the

bank’s profit decreases.

So, when the expected marginal gain of additional risk ( R'(a,8)P(a)+
R(a,8)P',(a)) is higher than the marginal funding cost ((1 — k(@))6P'(a) + k' o (@)(p —

dr(a,8) > 0)
da

SP(a)), the bank profit is increasing with a ( . Conversely, the bank’s profit

dr(a,6)

decreases ( < 0) when taking additional risk triggers a marginal funding cost higher

than the expected marginal gain.

Thus, there exists a unique risk level a* €]0;1[ with a* < a that maximizes the
bank profit, i.e. there is a unique risk level that equals the expected marginal gain and the

marginal funding cost.

After the bank has determined its optimal risk level a*, it is then possible to
determine k(a*). Since the capital is costly and assumed to be fixed at level K, the bank
will provision exactly the capital amount required to comply with the regulation. That is,

for the risk level a”, the bank will finance an amount L* of investment portfolios such that

K
k(a®)’

the credit volume L* = Hence, the bank’s leverage is endogenously determined.

We can give a graphical illustration of proposition 1.



dr(a,5)

Let’s denote A(a,6) = o

A(a,8) = R'y(a,8)P(a) + R(a, 5)P'y(a) + k' (@)6P(@) — [1 — k(@)]6P (@) — k'z(a) x p

The equilibrium risk level chosen by the bank is such that A(a*,§) = 0. Figure 1

gives an illustration of the A(a,8) curve.

Figure 1: Illustrative curve of A(a,6)

A(a, 6)

]

According to Appendix 2, A(a) is a continuous decreasing function on |0;1[ with
lim,,4(a,8) = +o0 and lim,,1A4(a,§) = —oo. That there is a unique a* €]0; 1[ so that
A(a*,6) =0.

It is important here to emphasize that the bank’s optimal risk level depends on the
risk-free interest rate (§) and the prudential policy that determines the sensitivity of the
regulatory capital (k(a)) to the level of risk. This raises the question of the impact of
monetary policy on the bank’s risk-taking behaviour. We address this point in the following

section.



4 Impact of monetary policy on bank risk-taking

According to the existing literature on banking regulation, monetary accommodation
has been proven to whet bank’s risk appetite (Bernanke and Gertler, 1995; Rajan, 2005;
Altunbas et al., 2010). However, restrictive monetary policy could also impair bank
soundness (Smith, 2002; Gan, 2004; Ngambou Djatche, 2019). In this section, we show that
changes in monetary policy may lead either to an increase or to a decrease in the bank’s risk

level according to the strength of the prudential tool.

Let’s examine the effects that can have a change in the monetary interest rate on the
bank’s optimal risk level in presence of a microprudential policy. Remind that a change in

monetary policy is captured by a change in the risk-free interest rate, §.

We have proven that the optimal level of risk chosen by the bank is such that
A(a*,8) = 0. Consequently, the impact of a change on the risk-free interest on the bank’s

optimal risk level depends on the sensitivity of function A(a*,§) to 6.

Proposition 2:
Under the assumption that R's(a*,8) —[1 — k(a*)] = 1, we have:
1. If % * (R's(a*,8) — [1 — k(a)]) > k'x(a"), a decrease in the risk-free
interest rate leads to a rise in the equilibrium level of risk chosen by the bank;
2. If % * (R's(a*,8) — [1 —k(a)]) < k'x(a"), a decrease in the risk-free

interest rate leads to a fall in the equilibrium level of risk chosen by the bank;

Proof. See Appendix 3.

R's(a*,8) — [1 —k(a*)] =1 means that the gross return of a risky investment
portfolio must be sufficiently sensitive to a change in the risk-free interest rate. In that case,

although a decrease in the risk-free interest rate (A8 < 0) leads to a decrease in the deposits

[1-k(a*)]E

. a X . .
costs (since 0 < % =[1—-k(a*)] <1), it produces a deeper decrease in the



investment portfolios’ return rate as well. Put it differently, the change in monetary rate,

by changing the intermediation revenue, will lead the equilibrium to move.

[Prg(a”)|
P(a®)

From proposition 2, denotes the percentage change in the probability that a

investment portfolio succeeds following a change in the risk level. IPI';?))I * R's(a*,8) refers
to the marginal impact on the investment portfolio revenue of change in the risk level caused
|Prg(a”)

by a change in the risk-free interest rate. )

* [1 — k(a™)] is the marginal impact on

the deposits funding of change in the risk level induced by a change in the risk-free interest

|Prg(a”)]
P(a*)

rate. Thus, * (R's(a*,8) — [1 — k(a*)]) measures the net (net of deposits cost)

marginal impact on the bank return of change in the risk level produced by a change in the

risk-free interest rate. Given that R's(a*,8)—[l—k(a®)] =1, we have %*

(R's(a*,6) — [1 — k(a®)]) > 0. Finally, k'(a*) represents the risk sensibility of the capital
requirement ratio and measures the additional capital provisioning following a change in the

bank’s risk level.

The bank’s risk-taking behaviour will then be the result of a trade-off between two
effects: the net marginal gain of additional unit of risk and the additional capital provisioning
following an additional unit of risk. The first effect can be interpreted as a price effect
whereas the second effect is close to a quantity effect. Given that the bank’s total capital is

give, this additional capital provision leads to a decrease in the total level of bank’s financing.

If the net marginal gain of additional risk is greater than the additional capital
provisioning (price effect higher than quantity effect), i.e. if %* (R's(a*,6)—[1-—

k(@] > k'q(a*), following monetary easing, the bank will find it optimal to take
additional risk to increase its profit without fear of facing higher additional capital
provisioning. In other words, following a decrease in monetary rate, the bank will take more
risk as the expected net marginal intermediation gain is enough to cover the decrease in
leverage. Here, the rationale is that a decrease in risk-free interest rate depletes the bank’s
profit. Since the risk sensitivity of the capital requirement ratio is lower than the expected
marginal intermediation gain, the bank will take more risk to restore its benefit. A prudential
tool that is less sensitive to risk than the bank’s intermediation margin allows the bank to

increase its revenue via more risk-taking without facing higher additional capital provision.



Figure 2 illustrates the impact of change of monetary policy on the bank’s equilibrium
risk level when the net marginal gain of additional risk is greater than the additional capital

provisioning.

Figure 2: Negative impact of monetary easing on bank’s risk
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As depicted in Figure 2, the blue line represents the derivative of the bank’s profit
that determines its initial optimal risk level a* given prudential and monetary policy. Then,
when the net marginal gain of additional risk is greater than the additional capital

brovisioning, a monetary easing leads to an increase of the bank’s optimal risk level.
S o tar leads t f the bank’s optimal risk level

However, if the net marginal gain of additional risk is lower than the additional

capital provisioning (price effect lower than quantity effect), i.e. if lP;"(’gf))l * (R's(a*,8) —

[1—k(a")]) < k'g(a*), the bank will find it optimal to decrease its risk level following a
monetary easing. In fact, the bank deters its revenue by decreasing its risk level. But at the
same time, since the capital requirement is more risk sensitive than the bank’s
intermediation margin, the bank benefits from a rise in leverage (via less capital

provisioning). Hence, the bank will decrease its risk level until these two effects are balanced.

Figures 3 gives a bird’s eye on how the bank’s optimal risk level moves following
change in monetary policy when the net marginal gain of additional risk is lower than the

additional capital provisioning.



As depicted in Figure 3, the blue line represents the derivative of the bank’s profit
that determines its initial optimal risk level a* given prudential and monetary policy. When
the net marginal gain of additional risk is lower than the additional capital provisioning, a
monetary easing triggers a decrease (green line) of the bank’s optimal risk level. That is, a

monetary contraction may lead the bank to increase its risk level.

Figure 3: Positive impact of monetary easing on bank’s risk
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In a nutshell, monetary tightening and monetary easing may lead the bank to take
more risk depending on the risk sensitivity of both the bank’s intermediation margin and

the capital requirement ratio.

Given these findings, it appears that monetary policy effects on bank’s risk is not
independent from the risk sensitivity of the microprudential tool. Moreover, we can wonder
whether more risk-taking necessarily translates into more important damage to the economy
in the event of a crisis. Now, let’s examine the question of the coordination of monetary and

prudential policies regarding not only the preventive side of prudential policy but also its
resolution side.



5 The bank’s risk and the social cost of bankruptcy

As shown in the preceding section, monetary policy, seeking to reach its objectives
of price and GDP growth stability, may impact the banking soundness. In addition to the
bank fragility, there is a social cost of bank failure which stems from the existence of the
deposit insurance. The latter leads the bank not to internalize the cost of a bankruptcy since
the bank repays deposits only in case of success. So, in case of failure the entire deposit
repayment is at the charge of the government. In other words, we assume a bail-out strategy
in the event of a crisis. This assumption rely on the problem of dynamic inconsistency
created by a bail-in, that can exacerbate instead of mitigating moral hazard as proven by
Pandolfi (2018). Moreover, even if not desirable, bail-out remains the preferable alternative
to deal with “too-big-to-fail” (TBTF) or the “too-interconnected-to-fail” (TITF) or the “too-
many-to-fail” (TMTF) problem (Berger and Roman, 2020).

In this sense, we assume that the objective of the prudential regulator is to mitigate

both the bank’s risk and the expected cost of banking failure.

Here, we analyse how the micro- and macroprudential policy may interfere with the
monetary policy and derive the results in terms of financial stability (impact on bank’s
optimal risk level) and social cost of banking failure. Recall that in line with Basel IIL, it is
assumed that the regulator care about the soundness of the individual bank (microprudential
side). In addition, we assume that the regulator is also concerned about the implications of
a banking crisis for the economy (macroprudential side), precisely in terms of the expected
cost of bank failure (frequency and severity of crises). Hence, the regulator is also supposed

to act such as to reduce the cost of a crisis resolution.

5.1 Monetary policy, microprudential policy and the expected cost

of bank failure

In this subsection, we focus on the impact of a change in monetary rate on the

expected cost of bank failure.

As said before, the expected cost of bank failure refers to the possibility that the



bank fails and that the deposit repayment remains at the charge of the government. In fact,
when the bank takes risk, it induces a probability of failure (1 — P(@)) which also refers to
the frequency of crises. In case of banking failure, the deposit insurance leads the government
to support the deposits cost ([L — E)(?]) which refers to the cost of the crisis resolution and

captures the severity of the crisis.

The expected social cost of the financial crisis is then given by:

C(a,8) = (1 - P@)(L-K)§ (3)

Since L = Fo@y we can write equation 3 as follows:
1 =g a1
Cla,6)=(1- P(a))((k(a)) —1)6K (3"

As we can see, the expected social cost of banking failure clearly depends on the risk-free
interest rate, 8, and the risk level, a, which itself determines the probability of failure, 1 —

P(a), and the capital requirement ratio, k().
Hence, the total differential of the social cost is given by:
ac ac
dc = %dé‘ +£.dd

We can then recompose this equation and write:

o) ae (1)

dC =5 % 2 2

Let’s examine the impact of the risk-free interest rate on the cost of bank failure.

From equation 4, it is noticeable that the change in the cost of the bank failure
following a change in the monetary interest rate depends on different factors.

. z—g : which can be defined as the expected price effect which stems from
changes in the risk-free interest rate, ceteris paribus. Any change in the risk-free interest
rate induces the social cost to moves in the same direction, i.e. % > 0. The higher the risk-
free interest rate the more costly the crisis resolution, all things remaining unchanged;

. Z—Z : which is defined as the risk-taking effect. Its sign determines the impact

of the change in the risk-free rate on the bank’s risk appetite. As shown in the preceding



section, the effect of monetary policy on bank risk depends on the risk sensitivity of the
capital requirement (see Proposition 2 in Section 4). When the capital requirement is less
risk sensitive than the bank’s intermediation margin, a monetary easing leads to more risk-
taking, i.e. Z—‘; < 0. Inversely, when the capital requirement is more risk sensitive than the
bank’s intermediation margin, a monetary easing induces a reduction in the bank’s risk, i.e.

da
=>0;

ac . . . s .
* o which captures the impact of a change in the bank equilibrium risk level

on the cost of bank failure. This impact stems from two effects since changes in a impact
the social cost through a change in both the probability of failure and the capital requirement

ratio (the bank’s leverage), and:

1
oc _oa-p@) 1 .o g th o
da da : [(k(a)) 1+ da (1 =P(@)
1
. _0a-P@) [ 1 _a@
Let’s denote Frag = e .[—(k(a)) 1] and Lev = Py .(1-P(a)).

In this sense, the two components of effect of a change in the bank’s risk on the cost

of bank failure are:

_91-P@) [ 1 o . . et
- Frag = =——= .[—(k ) 1] that can be interpreted as a fragilization
effect which is positively correlated to the bank’s risk level. In fact since the the probability
of default increases with the risk level (8(1;—2(0‘)) > 0), and that k(a) <1 which induces
1 ! 01-P(@) [ 1 L N
that [(k(a)) 1] > 0, we have B .[—(k(a)) 1] > 0. A rise in the bank’s risk level

triggers a hike in the probability of default (frequency of crises), then the expected social

cost increases, ceteris paribus;

1
a([m—ll)
da

and captures the effect of the bank’s leverage on the expect cost of a crisis resolution. All

- Lev = .(1 = P(a)) that can be interpreted as a leverage effect
things remaining unchanged, the higher the bank’s leverage the more expensive is the cost
of a crisis resolution. However, this effect is negatively correlated to the bank’s risk level. A
rise in the bank’s risk level tightens the capital requirement ratio which decreases the bank’s

leverage. On the one hand, the higher the risk level the more capital the bank should



Gl

provision and then the lower the deposit proportion, i.e. < 0. On the other hand,

for any non null risk level, the probability of default is positive, i.e. (1 —P(a)) > 0. As a

A([—1])
k(@) _
da ' (1

P(a)) < 0. Hence, all things being equal, the higher the risk level the higher the capital

result, the leverage effect is negatively correlated to the bank’s risk, i.e.

requirement, the lower the bank’s leverage and the lower the social cost.
Finally, equation 4 can be written as follows:

ac d '
dC = [ﬁ + (Frag + Lev).d—g].d(? (4"

This equation describes the various effects that determine the change in the social
cost following a change in the risk-free rate. The overall effect then depends on the
combination of four effects: the price effect, the risk-taking effect, the fragilization effect and
the leverage effect. As a result, the direction in which the social cost moves following a

change in monetary policy depends on the relative intensity of these four different effects.

To have a precise understanding of the underlying intuition, let’s analyse the changes
in the cost of bank failure following, on the one hand, a monetary easing (dé < 0), and on
the other hand, a monetary contraction (dé > 0). Note that any change in the monetary

da

policy and the bank’s risk can be negatively (Z—; < 0) or positively (d 5> 0) related. In the

following development, we will successively examine each case.
5.2 Impact of monetary easing on the expected cost of bank failure

The decrease in the risk-free interest rate (d6 < 0) entails a direct decrease in the
. . . ac . .
expected social cost (the price effect), since Frie 0. However, this decrease of interest rate

has an indirect effect on the social cost given that there is an increase in the bank’s risk or

not.

5 . . . . da
Case 1: The bank’s risk increases with decreased interest rate, 2 < 0.

We can summarize the overall mechanism as follows. Recall that the total differential

in the social cost is given by:



ac d
dC = [5 + (Frag + Lev).d—Z].d6

With % the price effect, Z—: the risk-taking effect, Frag the fragilization effect and

Lev the leverage effect.

Monetary easing directly decreases the cost of a bank failure (the price effect).
However, the bank’s risk increases following monetary easing (the risk-taking effect), the

probability of default also increases (the fragilization effect) since w. [@ —1]>0.
Then, bank failures become more frequent. At the same time, the loan volume decreases
(the leverage effect) in response to the tightening of the capital requirement,

gD

od .(1=P(a)) <0, which results in a decrease in the cost of crisis. Finally, the

effective cost of crisis resolution (driven by the price effect and the leverage effect) decreases
but the resolution mechanism is frequently activated (due to the fragilization effect). As a
result:

o The expected social cost decreases, dC < 0, if the decrease in the magnitude
of crises (driven by the price effect and the leverage effect) is large enough to compensate
for the increase in the frequency of crises (the fragilization effect);

o The expected social cost increases, dC > 0, if the decrease in the magnitude
of crises (driven by the price effect and the leverage effect) does not compensate for the

increase in the frequency of crises (the fragilization effect).

However, it appears that the risk-taking effect is an important element in the
variation in the cost of bank failure. This is because the risk-taking effect determines the

frequency (fragilization effect) and also the magnitude (through the leverage effect) of crisis.
Since dé < 0 , we can derive that:

ac da
dc >0 FYi (Frag +Lev).$ <0

da ac
(Frag + Lev).5 <%
Assuming that there is a risk-taking following a decrease in interest rate, % <0,

then dC >0 if 25<—22/[Frag+Lev]=5;<0.



That is, there is a threshold (S;) in the response of the bank’s risk to monetary easing
below which a monetary easing whets bank’s risk and entails an increase in the expected
cost of bank failure. Below this threshold, the increase in the expected cost is mainly driven
by the fragilization effect. In other words, although the price and leverage effects decrease
the cost of resolution in the event of crisis, the higher frequency of crises makes it costly to
solve crisis. However, when the response of the bank’s risk to monetary easing is above this
threshold (S;) a monetary easing whets bank’s risk but there is a decrease in the expected
cost of bank failure. In this latter case, the decrease in the interest rate and in the bank’s

leverage makes it cheaper to solve crises even though they are more frequent.

Now, let’s examine how change in interest rate may impact the expected cost of bank

failure when there is no risk-taking following a monetary easing.

. . . d
Case 2: The bank’s risk decreases with decreased interest rate, d—g > 0.

The total differential in the social cost is still given by:

ac d
dcC = [5 + (Frag + Lev).d—Z].d6

The decrease in the risk-free interest rate entails a direct decrease in the expected
. . . ac . .
social cost (the price effect), since % 0. However, this decrease of interest rate has an

indirect effect on the social cost. As the bank’s risk decreases following a monetary easing,

the probability of default also decreases (the fragilization effect plays positively) since
a(1— . .
%.[@— 1] >0, and the crises are less frequent. The loan volume increases
simultaneously (the leverage effect) in response to the loosening of the capital requirement,

gz

Py .(1 =P(a)) <0, and increases the cost of crisis resolution. As a result:

o The social cost decreases, dC < 0, if the net change in the magnitude of crises
(resulting from the power relationship between the price effect and the leverage effect) is
lower than the decrease in the frequency of crises (the fragilization effect);

o The social cost increases, dC > 0, if the net change in the magnitude of crises

(resulting from the power relationship between the price effect and the leverage effect) is



higher than the decrease in the frequency of crises (the fragilization effect).

In line with the preceding development (since d§ < 0), there is a threshold in the
risk-taking effect which may determine an increase or a decrease in the expected cost of

bank failure. We can derive that:

ac da
dc >0 FYi (Frag +Lev).$ <0

da ac
(Frag + Lev).E <=3
. da . da ac _
Since e 0, then dC >0 if 0< =< " [Frag + Lev] = S,.

That is, when monetary policy does not whet bank’s risk appetite, there is a threshold
(S,) in the response of the bank’s risk to monetary easing below which there is an increase
in the expected cost of bank failure. Below this threshold (S,), the higher bank’s leverage
makes it more expensive to solve crises albeit crises become rare (less frequent) and that
deposits are cheaper (lower interest rate). However, when the response of the bank’s risk to
monetary easing is above this threshold (S,) a monetary easing lowers the bank’s risk level
and is followed by a decrease in the expected cost of bank failure. There are two possible
reasons. First, the lower expected cost of crises resolution may be due to the fact that the
occurrence of crises becomes almost improbable (near-zero frequency of crisis). Second, while
the frequency of crises is lower, the combination of the increase in the bank’s leverage with
the decrease in deposits cost (the price effect) is such that the effective cost of a crisis become

smaller.

Given the conditions mentioned above, there are four possible scenarios that can be

depicted using Figure 4.



Figure 4: Decomposition of the effects of monetary easing on the expected social cost of

bank failure.
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As depicted in Figure 4, we can observe that monetary easing have different effects
on bank’s risk and the resulting effects on the expected social cost are not unique. Let’s

describe each region of the graph.

e Region la: in this region, a monetary easing leads to an increase of the bank’s
risk level. This increase in the risk entails an increase in the probability of default (higher
frequency of crises). However, the increase in the bank’s risk level also induces a decrease in
the bank’s leverage (magnitude of a crisis) due to a tightening of the capital requirement.
However, the increase in the probability of default is sufficiently high to exceed the decrease
both in the price and in the volume of deposits. In other words, the effective cost of crisis is
smaller, but since crises become more frequent, the overall expected cost of crises resolution

increases.
dé <0 & Price <0;

Frag >0

da>0{Lev<0

< dC >0 Since Frag > (Lev + Price)

« Region 2a: a monetary easing leads to an increase of the bank’s risk level.
This increase in the risk triggers an increase in the probability of default (higher frequency
of crises). However, the increase in the bank’s risk level also induces a decrease in the bank’s
leverage (magnitude of a crisis) due to a tightening of the capital requirement. Finally, the
decrease in the magnitude of a crisis, driven by the decrease both in the risk-free interest
rate (the price effect) and in the volume of deposits (the leverage effect), is sufficient to

overcome the increase in the frequency of crises driven by the increase in the probability of



default. As a result, there is a decrease in the expected cost of bank failures since crises are

frequent but are cheaper.

dé < 0 & Price < 0;

Frag >0

Lep < 0 < dC <0 Since Frag < (Lev + Price)

da>0{

« Region 3a: there is a decrease in the bank’s risk level as a response to a
monetary easing. This decrease in the risk results in a decrease in the probahility of default
(lower frequency of crises). However, the decrease in the bank’s risk level induces an increase
in the bank’s leverage (magnitude of a crisis) due to a loosening of the capital requirement.
Therefore, the situation is such that there is an increase in the severity of the crisis because
the increase in the magnitude of a crisis driven by the hike in the volume of deposits (the
bank’s leverage) exceeds the decrease in its magnitude driven by a fall in the deposits cost
(due to the decrease in the interest rate). Finally, the increase in the magnitude of a crisis
increases the expected cost of crises resolution even if crises become less frequent (decrease
in the probability of default). That is, there is an increase in the expected social cost of a

bank failure.

dd < 0 & Price < 0;

Frag <0

Lev > 0 < dC >0 Since Lev > (Frag + Price)

da<0{

« Region 4a: like in region 3a, in response to a monetary easing, there is a
decrease in the bank’s risk level and in the probability of default (lower frequency of crises).
There is also a higer bank’s leverage (magnitude of a crisis) due to a loosening of the capital
requirement. But, there is a decrease in the severity of crises because the decrease in their
magnitude driven by a fall in the deposits cost (due to the decrease in the interest rate)
exceeds the increase in their magnitude of a crisis driven by the hike in the volume of
deposits (the bank’s leverage). And since the crises also become less frequent (decrease in
the probability of default), consequently, there is a decrease in the expected social cost of a

bank failure.

dé <0 & Price <0;



Frag <0

Lep > 0 < dC <0 Since Lev > (Frag + Price)

da < 0{

In sum, it appears that monetary easing has different effects in terms of risk-taking

and in terms of expected cost of bank failure. The main point is that even if monetary easing
could induces more risk-taking, it does not necessarily translate into higher expected cost of
bank failure. After having examined how the expected social cost of bank failure is impacted

by a monetary easing, let’s turn to the impact of a monetary contraction.

5.3 TImpact of monetary contraction on the expected cost of bank

failurc

The increase in the risk-free interest rate entails a direct increase in the expected
. . . ac . . . . -
social cost (the price effect), since Frie 0. Besides this direct effect, the increase in interest

rate indirectly impacts the social cost given that there is an increase in the bank’s risk or

not.

. . . . da
Case 1’: The bank’s risk decreases with increased interest rate, 2 < 0.

Similarly to what we stated in the preceding subsection (i.e. 4.2), recall that the

total differential in the social cost is given by:
ac da
dC = Y (Frag + Lev).E —].d5

With g—g the price effect, Z—Z the risk-taking effect, Frag the fragilization effect and Lev

the leverage effect.

A monetary tightening makes a crisis resolution more expensive. So, it induces a
direct increase in the expected cost of bank failure (the price effect). As the bank’s risk

decreases following monetary contraction (the risk-taking effect), the probability of default

a(1-P(a)) 1

P .[(k(a)) — 1] > 0. In other words, the

also decreases (the fragilization effect) since
frequency of crises decreases. At the same time, the loan volume increases (the leverage

([ —11)
effect) in response to looser capital requirement, %.(1 —P(@) <0, and



exacerbates the magnitude of a crisis. As a result:

o The expected social cost increases, dC>0, if the increase in the magnitude of
the crisis (driven by the price effect and the leverage effect) is larger than the decrease in
the frequency of crises (driven by the fragilization effect);

o The expected social cost decreases, dC < 0, if the increase in the magnitude
of the crisis (driven by the price effect and the leverage effect) is smaller than the decrease

in the frequency of crises (driven by the fragilization effect).

Again, we can show that there is a threshold value in the risk-taking effect that
determines whether the cost of bank failure may increase or decrease following a monetary

contraction.
Given that dé§ > 0, we can derive that:

ac da
dc >0 FYi (Frag +Lev).$ >0

da ac
(Frag + Lev).g > =%
. da . da ac _
Since —= <0, then dC >0 if 0>-2>—- [Frag + Lev] = S5.

So, there is a threshold (S3) in the response of the bank’s risk to monetary contraction
above which, although a monetary contraction reduces bank’s risk, there is an increase in
the expected cost of bank failure. However, when the response of the bank’s risk to monetary
contraction is below this threshold (S3) the expected cost of bank failure decreases. Below
this threshold, following a monetary contraction, the frequency of crises decreases enough

to compensate for the increase in their magnitude.

. . . . da
Case 27: The bank’s risk decreases with increased interest rate, e 0.

Once more, the total differential in the social cost is given by:

_ e da
dC = [+ (Frag + Lev).da].dd



As stated in case 17, the increase in the risk-free interest rate directly increases the
expected social cost (the price effect), since g > 0. However, this increased interest rate
increases the bank’s risk. As a result, the probability of default also increases (the
fragilization effect), and so do the frequency of crises. At the same time, the loan volume
decreases (the leverage effect) in response to a tighter capital requirement, decreasing the

severity of a crisis. To sum up:

e The social cost increases, dC > 0, if the increase in the frequency of crises
(due to the fragilization effect) exceeds the change in their magnitude (resulting from the
price effect and the leverage effect power relationship);

o The expected social cost decreases, dC < 0, if the net decrease in the
magnitude of crises (resulting from the price effect and the leverage effect power relationship)

is larger than the increase in their frequency (due to the fragilization effect).

As in case 17, we can evidence a threshold value in the risk-taking effect that imply
either an increase or a decrease in the cost of bank failure following a monetary contraction

according to the position from this threshold.

We can derive that:

ac da
dc >0 % T (Frag +Lev).$ >0
da ac
(Frag + Lev).% > ~ %
. da . da ac _
Since TR 0, then dC >0 if —=> —5/[Frag + Lev] =S5, >0.

When monetary contraction does whet bank’s risk appetite, there is also a threshold
(S4) in the response of the bank’s risk to monetary contraction above which there is an
increase in the expected cost of bank failure. However, when the response of the bank’s risk
to monetary contraction is below this threshold (S4) a monetary contraction increases the

bank’s risk level but there is a decrease in the expected cost of bank failure.

Given the above conditions, there are four possible scenarios that can be depicted

using Figure 5.



Figure 5: Decomposition of the effects of monetary contraction and bank’s risk on the

expected social cost of bank failure.
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As depicted in Figure 5, we can observe that monetary contraction also has different
effects on bank’s risk and that the resulting effects on the expected social cost of bank failure

are also ambiguous. Let’s describe each region of the graph.

¢ Region 1b: in this region, a monetary contraction leads to a decrease in the
bank’s risk level. The decrease in the risk entails a decrease in the probability of default, i.e.
there is a decrease in the frequency of crises. However, the bank’s leverage increases (leverage
effect) due to a loosening of the capital requirement. Nevertheless, the decrease in the
frequency of crises is sufficient to compensate for the increase in their magnitude (stemming
from the increase both in the price and in the bank’s leverage). The resulting effect is a

decrease in the expected social cost of a bank failure.

dé > 0Price > 0;

Frag <0
da<0{lev >0 dC <0 Since Frag—> (Lev + +Price+)

e Region 2b: a monetary contraction leads to a decrease in the bank’s risk level.
The decrease in the risk translates into a more stable financial system, making crises less
frequent. However, the bank’s leverage increases (leverage effect) due to a loosening of the
capital requirement. Finally, the increase in the magnitude of crises (stemming from the
increase both in the price and in the bank’s leverage) is sufficient to compensate for the
decrease in their frequency. This leads to an increase in the expected social cost of a bank

failure.



dé > 0 < Price > 0;

Frag <0

da<0{Lev>0

< dC >0 Since Frag > (Lev + Price)

e Region 3b: there is an increase in the bank’s risk level following a monetary
contraction. The increase in the rigk translates into a more unstable financial system, making
crises more frequent. However, the bank’s leverage decreases (leverage effect) due to a
tightening of the capital requirement. Finally, the net decrease in the magnitude of crises
(stemming from the power relationship between the price and the leverage effects) is
sufficient to compensate for the increase in their frequency. Then, there is a decrease in the

expected social cost of a bank failure.

dé > 0 & Price > 0;

Frag >0

Lew < 0 < dC <0 Since Frag < (Lev + Price)

da>0{

¢ Region 4b: in this region, there is also an increase in the bank’s risk level as
a response to a monetary contraction. The increase in the risk makes the system more
unstable, inducing more frequent crises. However, the bank’s leverage decreases (leverage
effect) due to a tightening of the capital requirement. But, the net change in the magnitude
of crises (stemming from the power relationship between the price and the leverage effects)
is insufficient to compensate for the increase in their frequency. So, there is an increase in

the expected social cost of a bank failure.

dé > 0 & Price > 0;

Frag >0

da>0{Lev<0

< dC >0 Since Frag > (Lev + Price)

As we can see in Sections 4 and 5, the impact of monetary policy in terms of financial
stability and expected social cost of bank failure highly depends on the risk sensitivity of
the microprudential tool (here the capital requirement ratio). On the one hand, the strength
of the capital requirement ratio determines how the bank responds to change in the risk-free
interest rate. On the other hand, this strength of the capital requirement ratio also

determines the force with which the leverage effect counter the fragilization effect in defining



the response of the social cost to change in monetary policy. Then, it appears interesting to
examine the macroprudential policy to be implemented according to monetary stance and

the different situations (Region la to Region 4b).

6 Combination of monetary policy with prudential policy

The previous sections show that a change in monetary policy has different
consequences in terms of bank soundness and social cost. We have situations where a
monetary easing induces a increase in the bank’s risk and is followed by an decrease in the

expected social cost, and vice versa.

We can summarize the preceding analysis (from Section 5) in Table 1

Table 1: Summary of regions of changes in risk and cost of bank failure

Effcct of Monctary policy Monetary Policy Change in the cost
on the bank’s risk dé < 0 dé > 0 of bank failure
Region 2a, Region 1b dc <0
de -0
Region 4a Region 3b ac <0
da
—>0
a8 Region 3a ac >0

Let’s first define each combination of monetary policy with prudential policy using

an efficiency criteria. We consider as:

o efficient (or totally efficient) any combination of monetary policy with
prudential policy leading to a decrease in both the bank’s risk and the expected social cost
of bank failure;

« partially efficient any combination of monetary policy with prudential policy
leading to a decrease in only one of the two objective variables. In this case, we can consider

two types of partial efficient combination:



- a partial efficient (combination) of type 1: any combination of monetary
policy with prudential policy leading to an increase in the bank’s risk but to a decrease in
the expected social cost of bank failure;

- a partial efficient (combination) of type 2: any combination of monetary
policy with prudential policy leading to a decrease in the bank’s risk but to an increase in
the expected social cost of bank failure.

« inefficient (or totally inefficient) any combination of monetary policy with
prudential policy leading to an increase in both the bank’s risk and the expected social cost

of bank failure.
Let’s now examine each combination successively.

Regions 4a and 1b are regions where the combinations of monetary policy with
microprudential tool are considered as (totally) efficient since they lead to a positive outcome
in terms of more stable financial system and lower cost of crises resolution. In fact, these
combinations lead to a decrease in both the bank’s risk and the expected social cost of bank
failure. In other words, in each of these cases, the microprudential tool is set such that a
monetary easing, in one case, or a monetary contraction, in the other case, leads the bank
to reduce its risk level, fostering the financial stability. In addition, the lower risk level
entails a relaxation of the regulatory constraint, leading to an increase in the bank’s leverage,
and in the amount of financed investment portfolios (the credit volume granted to the
economy). At the same time, the combination of monetary policy with the microprudential

tool is such that the expected cost of bank failure is also reduced.

Conversely, regions la and 4b are regions where the combinations of monetary policy
and microprudential tool are considered as (totally) inefficient since the outcome for the
economy is negative. In fact, these combinations are such that there is an increase in both
the bank’s risk and the expected social cost of bank failure. In short, the microprudential
tool is set such that a monetary easing, in one hand, or a monetary contraction, in the other
hand, triggers more risk-taking, jeopardizing the financial stability. In addition, the higher
risk level implies a tightening of the regulatory constraint, leading to a decrease in the credit
volume provided to the economy. Simultaneously, the combination of monetary policy with
the microprudential tool is such that the expected cost of bank failure grows up. As we have

already shown, in Regions la and 4b, the increase in the expected social cost is driven by a



high increase in the probability of default. That is, a need for a more risk sensitive
microprudential tool that limits the increase in the bank’s risk level may appear effective in
limiting the increase in the expected cost of bank failure. In other words, a more stringent
microprudential policy may be effective both in limiting the increase in the probability of

default and in offsetting the increase in the social cost as well.

Finally, the remaining cells in Table 1 refer to combination of monetary policy with

microprudential policy that are considered as partially efficient.

For instance, Regions 2a and 3b are regions where the combination of monetary
policy and microprudential tool is partially efficient of type 1 since the outcome for the
economy is negative in terms of financial stability and positive in terms of expected cost of
bank failure. These combinations are such that there is an increase in the bank’s risk but a
decrease in the expected social cost of bank failure. In other words, the microprudential tool
is set such that a monetary easing, in one hand, or a monetary contraction, in the other
hand, leads the bank to take more risk, thus threatening the financial stability. The higher
risk level implies a tightening of the regulatory constraint, leading to a decrease in the bank’s
leverage (decrease in the amount of financed investment portfolios by the bank). However,
the combination of monetary policy with the microprudential tool is such that the expected

cost of bank failure goes down.

Regions 3a and 2b are regions where the combination of microprudential tool and
monetary policy is partially efficient of type 2 since the outcome for the economy is positive
in terms of financial stability and negative in terms of expected cost of bank failure. In fact,
these combinations are such that there is a decrease in the bank’s risk but an increase in
the expected social cost of bank failure. In other words, the microprudential tool is set such
that a monetary easing, in one hand, or a monetary contraction, in the other hand, lowers
the bank’s risk, then fostering the financial stability. Besides, the lower risk level implies a
relaxation of the regulatory constraint, leading to an increase in the bank’s leverage (increase
in the amount of financed investment portfolios). Nevertheless, the combination of monetary
policy with the microprudential tool is such that the cost of bank failure grows up. Albeit,
the monetary easing leads the bank to reduce its risk level, this induces an increase in the
bank’s leverage which itself exacerbates the severity of crises, and increases the expected

social cost of bankruptey. In this sense, although the microprudential tool improves the



soundness of individual bank, it fails in mitigating the increases in the magnitude of crises.
A macroprudential tool such as a cap on the leverage ratio may be suitable to complement
the microprudential policy in such a case. In fact, imposing a leverage ratio may obliges the
bank to not grant more loans even if it chooses a lower risk level. Hence, introducing a
leverage ratio may limit the bank’s leverage and may limit the increase in the expected
social cost at the expense of the funding of the economy (amount of financed investment

portfolios).

Let’s consider Figure 4 and focus on Region 3a to illustrate the fact that introducing
a leverage ratio may help in containing the expected social cost in this specific case. The

result is given on Figure 6.

Figure 6: Changes induced by a leverage ratio on the expected social cost of bank failure in

region 3a.
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Given that in Region 3a monetary easing is followed by a decrease in the bank’s risk
and an increase in the expected social cost of a bank failure, there is a minimum leverage
ratio [ that allows the social cost to decrease. In this case, imposing a minimum leverage
ratio [ limits the increase in the bank’s leverage following a decrease in the bank’s risk. The
resulting effect is an enlargement of Region 4 at the expense of Region 3. The more binding
the leverage ratio the smaller the region 3. In other words, the more constraining is the
leverage ratio the more likely is the fact that the decrease in the cost driven by the decrease
both in the price and in the probability of default exceeds the increase in cost driven by the
increase in the volume of deposits. Put it differently, it may be possible for the regulator to
attenuate the magnitude of the crisis by mitigating the bank’s leverage. However, the more
constraining the leverage ratio the lower the bank’s leverage and the lower the amount of

financed investment portfolios. That is, the macroprudential regulator faces a trade-off



between either reducing the cost of bank failure followed by lower funding of the economy

or ensuring a higher funding of the economy while facing the risk of a more severe crisis.

In a nutshell, the combination of monetary and prudential policies produces different
outcomes for the economy in terms of financial stability (the bank’s risk level) and in terms
of the expected cost of bank failure. The combination can be totally efficient and no
additional action is needed. It can be inefficient and a better calibration of the
microprudential tool is suitable. When the combination of monetary and microprudential
policies is such that there is lower risk but higher expected cost in the event of a crisis, then
a leverage ratio appears to be effective to counteract the increase in this cost since the latter

is driven by a leverage effect.

Conclusion

We built a partial equilibrium model of bank regulation and interaction with
monetary policy, with perfect information. The two policies are assumed to be exogenous.
The monetary policy set interest rate piloting inflation and GDP growth. Prudential
regulator cares about the financial stability and is endowed with a capital requirement ratio

that is risk sensitive (and increases with bank’s risk).

We show that the bank’s optimal risk level is determined according the risk-free
interest rate and the intensity of the microprudential policy. Assuming the amount of capital
is exogenous fixed, the bank’s leverage is then endogenously determined. Our model shows
that monetary policy effectively impacts financial stability, thus supporting the existing
literature on the bank risk channel of monetary policy. However, we show that the impact
of monetary interest rate on the bank’s risk is not independent from the sensitivity of the
capital requirement to risk. A monetary easing or tightening could lead to more risk-taking
according to risk sensitivity of the microprudential tool. For instance, when the rigk
sensitivity of the capital requirement is lower than the risk sensitivity of the bank’s
intermediation margin, the well-known risk-taking channel of monetary policy operates. In

this case, decreased interest rates push up the bank’s risk. Inversely, when the risk sensitivity



of the capital requirement is higher than the risk sensitivity of the bank’s intermediation

margin, the bank’s risk drops following monetary easing.

However, any change in monetary policy do also have important implication in terms
of expected social cost of a bank failure. There is a direct effect that stems from change in
the deposit cost following changes in the monetary policy. There is also an indirect effect
(the risk-taking effect) driven by changes in the bank’s risk. This indirect effect leads also
two possible effects on the expected social cost: the fragilization effect and the leverage
effect. The final change in the social cost of a bank failure depends on the relative intensity
of these effects. In fact, a monetary easing can lead to more risk-taking but be followed by
a decrease in the expected cost of bank failure. This is the case when the magnitude of the
price effect and the leverage effect is larger than the magnitude of the fragilization effect.
Furthermore, the analysis highlights cases where a more stringent microprudential tools is
effective in mitigating both financial fragility and the expected social cost of a bank failure.
There are some cases where a macroprudential tool, such as a leverage ratio, may
complement the microprudential tool in limiting the cost of bank failure. This is particularly
the case when there is a decrease in the bank’s risk but an increase in the expected cost of

bank failure induced by a leverage effect.

The main policy implication of our findings is that monetary and prudential policies
must be coordinated. In fact, since the effect of monetary policy on bank’s risk is not unique,
it appears necessary for economic authorities to best manage the coordination of these two
policies. If the coordination is mismanaged, the policy-mix (monetary and microprudential
policy) may generate more instability and induce higher expected cost of bank failure. In
the same vein, a mismanagement of the combination of microprudential policy with
macroprudential policy may generate undesired outcomes in terms of providing funds to the
economy (reduction of the bank’s leverage and so the amount of financed investment
portfolios) without much improvement in terms of financial stability. Even if prudential and
monetary policies target two separate goals, financial stability for the former, and GDIP
growth and stable inflation for the second, their interaction should be well understood by
policymakers for their combined effects to be fine tuned. Note that our study focus on a
precise microprudential tool, the capital requirement ratio. It does not account for liquidity

issues as introduced by Basel III.
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Appendices

Appendix 1: Proof of lemma 1

The expected return of a investment portfolio is given by:
Ré(a,8) = R(a, )P (@)
With R€(0,8) =8 >0 and R°(1,8) = PpiR
Let’s show that there is a unique @, with 0 < @ < 1, such that R¢(a,§) is maximum for

a.

WD) _ B, (@, IP(@) + R(@ 5P o(@) = RE (@, 6)

According to our assumptions, we have:

1. limg R o(a,8) » +o0 | limy_ oP(@) =1 , limg oR(a,8) -6

lim,_oP'n (@) = 0, then lim,_oRE (@, §) > +oo

2. limg_1R'y(a,8) > 0

limg_,,P' (&) = —o0, then lima_,oR(‘;’(’(a, §) - —oo

) limaalp(a) - Pmin ) limaalR(a' 5) - E

)

2pe
3. TELD = RY(a,6) = Ra(@, 6)P(@) + R(a,8)P"o(a) + 2R 4(e, 5)P'o () < 0

As R (a,8) is continuous on [0;1], there is a unique 0 <a <1, such that

R¢(a, §) is maximum for «.

Appendix 2: Proof of proposition 1

i) We prove that there is a unique risk level that maximizes the bank’s profit

on(a,6)

Let’s denote A(a,6) = Py

k(a)p]

with 7(a, 8) = L[R(a, §)P(a) — (1 — k(a))SP(a) —



We have:
A(a,8) = P(@)[R'¢(@,6) + k' (@)6] + P'o(a)[R(a,8) — [1 — k(a)]8] — K'o(a)p
Let’s show that there is a unique interior solution a* €]0;1[ such that A(a*,8) = 0.
A(e, §) is a continuous function for a € [0;1].
For a = 0, we have:
A(0,68) = P(0)[R'(0,8) + k'¢(0)8] + P’ (0)[R(0,8) — [1 = k(0)]6] — k' (0) * p

Since P(0) =1, R(0,6) =4, and k(0) = k, we can write
A(0,6) = R'¢(0,8) + P'q(0)k& — k' (0)(p — 6)

According to our assumptions, we have:

o limy_ oP',(a) » 0

o limg_oR z(a,8) > +

a mis en forme : Police :Cambria Math

o limg_ok's (@)~ 0

a mis en forme : Police :Cambria Math

a mis en forme : Police :Cambria Math

Therefore, A(0,8) = 4+ [a mis en forme : Police :Cambria Math

a mis en forme : Police :Cambria Math

For a =1, we have:

A(L,6) = P(D[R'2(1,8) + k'o(1)8] + P'o(D[R(, 8) — [1 = k(D)]6] — K'o(1)p

Since P(1) = Ppin, limg1R'g(a) = 0, R(1,8) =R, and k(1) = k, we can write
A(1,8) = Prink’o(1)8 + P'a (D[R — (1~ k)8] = k' (1)p

A(L,8) = P'o(DIR = (1 = k)8] = k'a(1)(P ~ Prmin)

According to our assumptions, limg_,;P'g(a) = —c0, R — (1 — E)(? >0 since R >

6, and lim, k', (a) = 0, then we can conclude that A(1,8) = —oo. [a mis en forme : Anglais (Royaume-Uni)

AA(a,5)

Finally, A',(a,8) = o

is equal to



A'q(@,8) = P'o(0)[R'a(a,8) + k'a(2)8] + P(Q)[R" (@, 8) + k" o (a)6] +
P"o(@)[R(a,8) = (1 = k(2))8] + P'o ()[R ¢ (a, 8) + K'o(@)8] — k"o (a)p

A'y(@,8) = 2P'o ()[R o(a, 8) + K'o()8] + P(a)[R" o (a1, 8) + k" o (@)8] + P" (@) [R(ax, &)
— (1 = k(@)8] — k"o (a)p

Let’s remind that:

e R'y(a,6) >0 and R",(a,6) <0
P'y(@) <0 and P", (@) <O

o ko(a)>0 and k" (a) <0
And R(a,6) — (1 —k(a))6 >0

As a result, we have:

2Py ()[R'o (@, 6) + k'q(a)6] < 0
P(a)[R"y(a,8) + k"o (@)5] <0
P"y(@)[R(a,8) — (1 — k(a))6] <0
o And k" (@)p <0

We can rewrite A’y (a,8) as follows:

A'o(@,8) = k" o()[P()8 — p] + 2P o ()[R (0, 8) + K'a(a)8] + P(@)R"o(, 8)
+ P (a)[R(a,8) — (1 — k(a))d]

Let’s find the condition on k", (@) such that A',(a,6) <0

Ao(@8) <0 & k'q(@)>—7
With :

X =2P ()[R o(a,8) + k' z(@)5] + P(@)R" z(a,6) + P" (@) [R(a, &) — (1 — k(a))d]

Y=P@)b—p

This condition relates to the concavity of the curve of the regulatory function. It



indicates that the function must be slightly concave for our result to hold.

So under the condition that 0> k" (a) > —; we can conclude that A',(a,8) < 0.
Consequently, A(a,d) is a decreasing function on ]0;1[. Moreover, since A(a,§) moves
from positive to negative value (A(0,8) - 400 and A(1,6) » —0 ), and is strictly

decreasing, there is a unique a* €]0;1[ such that A(a*,8) =0

Furthermore, as A, (@, 8) < 0, we can deduce that the bank’s profit curve is inverted

U-shaped and m(a*,§) is a maximum.

ii} Since the bank chooses its optimal risk a*, the bank will finance the amount of
K
k(a*) "

investment portfolios L* = In other words, the bank leverage is endogenously

determined since it depends on the bank’s risk choice.

Appendix 3: Proof of proposition 2

We seek to determine the impact of the monetary policy on the bank’s optimal risk
. o . da* . .
level, a*. In other words, we aim at determining the sign of TE To reach our objective, we

use the total differential in the A(a,§).

Let’s remind that:
A(a,8) = P(Q)[R'a(a,8) + K o (a)8] + P’ (@) [R(a, &) — [1 — k(a)]6] — K'o(a) * p

The total derivative of A(a,8) (according both to @ and &) is given by:
dA(a,6) = A'y(a,8).da+ A's(a,8).dS

Where A'p(a,8) and A's(a,8) are the partial derivatives of A(a) according

respectively to a and §.

Consequently:
dA(a*,6) =0 Ay (a*,8).da* + A's(a*,6).d6 =0
A'y(ar,8).da* = —A's(a*, 6).d6
da* _ Arg(a*,6)

and 52 Arg(a*,6)



In the proof of proposition 1, we have shown that A’,(a* &8) < 0. This means that

the sign of % mainly depends on the sign of A's(a*,8),
A's(a”,6) = P'a(a)[R's(a’,8) — (1 —k(a")] + k'q(a”)P(a”)

Since P'o(a®) <0, k'pg(a®)>0, P(a*) >0 and under the assumption that
R's(a*,8) — [1 — k(a™)] > 1, we have:

o As(@,8) <0 if [Pu(a)|[R's(a*8) — (1 —k(a*)] >k (a)P(a), and

da* . . . . .
5 < 0. The bank’s risk decreases with monetary rates if the net expected marginal gain of

taking additional risk does not overcome the marginal funding cost induced by the
strengthening of the capital requirement ratio.

o As(@*,8)>0 if |P'o(a”)|[Rs(a*,8)— (1 —k(a))] <k'g(a)P(a*), and
2—‘? > 0. The bank’s risk increases with monetary rates if the net expected marginal gain of
taking additional risk overcomes the marginal funding cost induced by the strengthening of
the capital requirement ratio.

o Als(a,8) =0 if [P'a(a)|[R's(a,6) — (1 —k(a")] = K'¢(a)P(a"), and
da*

i 0.The bank’s optimal risk level remains unchanged whatever the change in the

monetary rates. In that case, the bank has no interest in changing its level of risk, otherwise

it will have to suffer loss of profit.



