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ARTICLE INFO ABSTRACT

JEL classification: The standard macroprudential models focus on externalities and treat all prudential instruments
G21 as alternative, but equivalent, forms of Pigouvian taxes. This paper explicitly models individ-
G28

ual banks’ risk choices and shows that different prudential instruments affect banks’ risk-taking

Keywords: incentives differently. Thus, conflicts may arise between the micro- and macroprudential stance.
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1. Introduction

The active use of prudential instruments to control credit volumes and allocations fell into disgrace in the 1990s, when the regula-
tory pendulum swung toward financial liberalization.! Then, in 2008, the global financial crisis hit financially developed economies
hard and exposed the limits of the existing prudential framework in dealing with systemic risk. This swung the pendulum back, and
the active use of prudential instruments such as reserve requirements, loan-to-value ratios, taxes on credit, and capital requirements
to smooth the credit cycle and avert major crises (macroprudential policies, according to the current jargon) gained momentum. The
global financial crisis also uncovered the dangerous liaisons between micro- and macrostability and forced macroeconomists to give
a serious look at the interaction between business cycles and financial frictions.? The latter began to be incorporated in standard
DSGE models and with them the rationale for macroprudential policies became evident.®

However, in (necessarily) stylized DSGE models, taxes on debt, capital, and liquidity requirements end up being equiva-
lent forms of Pigouvian taxation that can effectively deal with the negative overborrowing externalities.* This raises the ques-

* We thank Pierluigi Bologna, Giovanni Dell’Ariccia, Augusto de la Torre, Jose Luis Diaz Sanchez, Alain Ize, Carlos Vegh and participants at the
Conference at the Central Bank of Turkey and CEMLA (Mexico City), and two anonymous referees for helpful comments and suggestions. The usual
disclaimers apply.

* Corresponding author.

E-mail addresses: tcordella@worldbank.org (T. Cordella), spienknagura@imf.org (S. Pienknagura).

! This regulatory view was supported by macroeconomic models built in a Modigliani-Miller world where the absence of financial frictions made
regulation and supervision unnecessary. Even when macro models such as Bernanke and Gertler (1996) and Kiyotaki and Moore (1997) highlighted
the possibility that simple agency problems could lead to potentially dangerous credit cycles, the idea of using prudential instruments to smooth
business cycle fluctuations was considered as pass. Given such a background, it is not surprising that prudential regulation was generally analyzed
in micro-models (as the one surveyed in Freixas and Rochet (2008)) and its macroeconomic impact generally overlooked.

2 Usually in the form of collateral contraints that create externality problems that lead to episodes of overborrowing and subsequent Fisherian
deflation.

3 Macroprudential policies force agents to internalize the external cost of borrowing making the economy less vulnerable to financial crises. This
is the argument for Pigouvian taxes in Jeanne and Korinek (2010), and Bianchi (2011).

4 Bianchi (2011) formally proves the equivalence between these different instruments.
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tion of how robust such results are—that is, whether such equivalence results still hold or not in a more micro-founded
model.

This is the question we address in this paper. Using a very stylized model in which a bank maximizes profits by choosing lending
rates and the riskiness of its portfolio, we show that, from a microprudential perspective, the choice of macroprudential instruments
does indeed matter. It is true that capital requirements and reserve requirements have an adverse effect on banks’ incentives to
lend, which means that all these instruments successfully address overborrowing externalities. However, while capital requirements
make banks more prudent by increasing their skin in the game, reserve requirements make banks engage in riskier behavior. These
results should not be seen as arguments against the use of specific macroprudential instruments. Rather, they highlight the complex
interactions between different policy instruments and objectives.

There are a number of studies discussing the purposes of macroprudential regulation in dealing with different kinds of exter-
nalities, and a growing body of research looking at the effectiveness of macroprudential measures in smoothing the business cycle;
Galati and Moessner (2011) and Hanson et al. (2011) are excellent surveys. However, little is still known about how the choice of
different prudential instruments affects the incentives of the single institutions to take on risk. This paper is an attempt to fill such
a gap.

The model we present is similar to Dell’ Ariccia et al. (2014) who study the interaction between monetary policy and the capital
structure of banks. The questions we raise in this paper are similar to those in De Nicolo’ et al. (2012), who study how, in the presence
of credit and liquidity risk, capital and liquidity requirements affect a bank’s risk-taking incentives in a calibrated dynamic model.
Calomiris et al. (2015) discuss the relative effectiveness of capital and cash requirements and, differently from our paper, they find
that reserve requirements may be an effective tool to decrease default risk. However, the channel they emphasize is the decrease in
leverage, which, in our model, can only be achieved through tougher capital requirements. Altunba et al. (2017) empirically study the
link between macroprudential policies and risk. They find that a tightening of macroprudential policies is associated with a reduction
in bank risk. However, their empirical strategy does not distinguish between macroprudential instruments, which is the goal of this
paper. Other authors have identified additional unintended consequences stemming from the use of macroprudential policies. Bengui
and Bianchi (2018) find that macroprudential policies can lead to higher risk-taking by banks in a model where there are unregulated
and regulated financial institutions. In their setting, the increase in risk is driven by unregulated institutions who take on more risk
as the aggregate economy becomes less risky. Finally, Forbes (2019) discusses how financial linkages may affect the effectiveness of
macroprudential policies in the presence of international spillovers.

2. The model
2.1. The bank’s problem

We focus our analysis on a representative monopolistic competitive bank facing a downward sloped demand curve for loans L,
L = (A — BR), with R denoting the interest rate offered by the bank. Notice that A can be thought of as a measure of the strength/quality
of the demand for credit, and f as an inverse measure of the bank’s market power. In addition to the lending rate, the bank also
chooses the riskiness of its portfolio. Here, we model the choice of risk as the choice of a level of monitoring effort q, g € [0, 1], exerted

by the bank, which also represents the probability that the loan is repaid; we further assume that the cost of monitoring is ¢(q) = %
per dollar lent. Hence, in our model, the bank succeeds with probability g and fails with probability (1 — g).

Monitoring costs are borne by the bank before returns are realized. Monitoring can be thought of as a nonpecuniary cost associated
with screening efforts; however, we prefer to interpret our set-up more broadly, and think of it as a reduced form of a model in which
the bank chooses among portfolios with different risk return profiles.®

As for the source of funding, theoretically, banks can choose between demand deposits and capital. However, we assume that (i)
deposits are fully insured and are supplied inelastically at an interest rate r, and (ii) the cost of raising capital is r + x, where k > 0 is
the wedge between the cost of capital and the interest rate. Hence, because of such a wedge, in the absence of capital requirements,
the bank will rely exclusively on the (cheaper) demand deposits. The problem of the bank can thus be written as:

2
- <q<R—r)— %)(A - BR).

Max I1
q€[0,1],Re[r,A/p]

The necessary and sufficient first-order conditions for a maximum are:

e = (A= PRAR -1~ cq) =0, M
q

oIl _ _ i _

ﬁ—Aq 2ﬂqR+ﬂ<qr+ > >—0, 2)
so that®

«_ 2A=rp)

q = TR 3)

5 As in Blum (1999), or Cordella and Levy-Yeyati (2003).

6 To avoid boring the reader with tedious assumptions, throughout the paper we implicitly assume that the bank’s maximization problem has an
internal solution, that is, ¢* € (0, 1) and R* € (r, A/f). In the Appendix, we provide the conditions that have to be satisfied for the existence of an
internal solution in presence of prudential policies of which this solution is a special case.
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Unsurprisingly, monitoring effort depends positively on the strength of the demand (and on the bank’s market power) and neg-
atively on its costs (both monitoring and funding costs). Having worked out the simplest model in which a bank strategically
chooses risk and interest rates, the next step is to introduce macroprudential tools into the model to see how they affect the bank’s
behavior.

Notice that the analysis of this paper is purely positive. Our interest is that of highlighting some of the possible tradeoffs that may
arise between micro- and macroprudential objectives without modeling the overborrowing externalities that call for macroprudential
policies in the first place and thus, without explicitly solving for the optimal policy. This is why we decided to focus on a representative
monopolistic competitive bank. In other words, we assume that a macroprudential regulator might want to smooth the credit cycle
because of the negative externalities associated with lending booms and busts (which we do not model); and we ask how the different
instruments the regulator uses affect the risk-taking incentives of a representative bank (which we do model). In addition, we also
abstract from other (sound) prudential reasons why reserve requirements (or other measures targeting the banks’ liability structure,
such as the net stable funding ratio introduced in Basel III) may be put in place.

R*

“

2.2. Prudential regulation

We now look at two prudential measures that have received particular attention in the recent literature: an unremunerated (or
partially remunerated) reserve requirement, and a minimum risk-based capital requirement equal to a fraction ¢ € [0, 1] of the
volume of risk-adjusted loans. More precisely, we assume that capital requirements are equal to a fraction

p=¢( —ag) ®

of total loans, where ¢ denotes the capital adequacy ratio and « € [0, 1] the risk adjustment factor. We also assume that a fraction 4
of deposits should be held in an unremunerated account at the central bank, so that the deposit base is equal to (1 — p)(1 + A4)L. Under
this regulatory framework, the bank’s expected total cost of funding per unit of loans, C(.), can thus be written as

C4,p, 1 6) = q(1 = p)(1 + Dr + p(r + k).

For the sake of simplicity, in the remainder of the analysis, we assume that capital requirements are always binding regardless of the
value of g, or equivalently that x + r > (1 + A)r.” The bank’s problem can now be written as

2
Maxz, = <q<R—®>—¢(r+x)— ﬂ)(A—ﬂRx ©)
4€[0.11.Re[r,A/f] 2
where © = (1 + A)(1 — ¢p)r — ad(r + x); u = (¢ + 2a(1 + A)¢pr) > 0. The first-order conditions of the problem are
or

So=(A-pR(R-O - ug) =0, ™
q
or Ha*\ _
ﬁ—q(A—ﬁR)—ﬂ<tJ(R-®)—¢(r+K)—T)—0, ®)
so that
14 A ?
q*zz E_®+\/6¢(r+l<)ﬂ+<ﬁ_®> N (9)
1|4 A ?
R*:g E+2®+\/6¢(V+K)M+<E—®> . (10)

Expressions (9) and (10) provide the equilibrium levels of risk and the interest rate (and thus lending volumes) as functions of
the model’s parameters. In the Appendix, we show that the second-order conditions of the problem are satisfied; we also show under
which conditions an interior solution with non-negative profits for the bank exists.

We turn next to the analysis of the effects of the regulatory variables ¢ and 4 on credit volumes and monitoring. Our main result
is that:

Result 1. A tightening of macroprudential regulation, through an increase in either minimum capital requirements or reserve re-
quirements, leads to a reduction in credit volumes. However, while an increase in capital requirements decreases the riskiness of the
bank’s loan portfolio, an increase in reserve requirements increases it.

Proof. In Appendix []

7 This assumption is equivalent to imposing an upper bound on the level of unremunerated reserve requirements, 4, such that 1 < x/r.
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This result suggests that, when incentives are taken into account, the equivalence between different macroprudential tools is
broken. In particular, an increase in the bank’s external cost of funds triggered, for instance, by a rise in reserve requirements
increases individual banks’ risk-taking incentives. The reason is that an increase in the cost of the bank’s external liabilities, such
as obligations to depositors, only matters for the bank when the loan portfolio is repaid and the bank does not fail. Given that the
costs of monitoring are the same, with or without reserve requirements, their increase reduces the effective returns on monitoring
and induces the bank to behave in a less prudent way: in other words increased reserve requirements exacerbate moral hazard. On
the contrary, increasing the bank’s skin with the introduction of capital requirements, makes it more liable in the case of failure and
decreases risk-taking incentives by increasing the returns on monitoring.

As much as the argument may at first seem far-fetched, the idea that reserve requirements have a negative effect on banks’ risk
taking incentives is not strange to policymakers. Indeed, Aldo Mendes, formerly Brazil Central Bank’s director responsible for monetary
policy, stated that “lowering reserve requirements helps financial stability.”® The practical argument, highlighted in Nier et al. (2012),
is that “Unlike an increase in capital requirements, an increase in RRs has no impact on the resilience of the banking system to loan
losses [...] When RRs squeeze profitability, this can lead banks to shift into higher margin, but higher risk segments, in an effort to
restore return on equity” (p. 15). As an example, the report mentioned the unwanted consequences of Turkey’s aggressive reserve
requirements increase in early 2011.

What we argue here is not that reserve requirements are bad instruments per se. They are powerful macrostabilization tools that
help guide monetary policies in the presence of volatile capital flows. Also, reserve requirements together with other prudential
measures targeting the banks’ liability structure, such as the net stable funding ratio introduced in Basel III, could strengthen the
resilience of financial systems to liquidity shocks. Instead, what we stress is that there can be trade-offs between instruments, and
what stabilizes liquidity or reduces aggregate risk may have negative consequences on individual banks’ risk-taking incentives. This
is what we discuss next.

3. Discussion

In our previous analysis, we discussed how some of the instruments proposed for the implementation of macroprudential policies
affect credit volumes and risk-taking incentives, abstracting from where the economy’s position in the business cycle. However, the
raison d’étre of macroprudential policies is to put sand in the wheels of the financial sector in good times and grease in bad times
because of the negative externalities associated with their procyclicality. It is thus important to know how capital requirements and
reserve requirements bite differently in different moments of the business cycle.

Looking at the trade-offs along the business cycle, our view is that the cyclical use of reserve requirements to dampen the credit
cycle may exacerbate the tensions between micro- and macroprudential objectives, especially if the cycle is defined by the cost
of capital. When capital is cheap, banks already have an incentive to move to riskier projects and incentives are strengthened if
liabilities are heavily taxed. When the cycle is driven by a great abundance of good projects instead (as can be the case during
technological revolutions), banks tend to be more prudent. The adverse effect of reserve requirements (or other form of “taxes”)
on banks’ incentives is partially offset by the positive effect that a stronger credit demand has in fostering prudent behavior. If,
instead of reserve requirements, capital requirements are used as the instruments to deal with the business cycle, there is no major
structural conflict between micro- and macroprudential measures. A tightening of capital requirements reduces both aggregate risk
and individual banks’ risk-taking incentives. However, there can still be cyclical tensions between micro and macro objectives, when
the cycle is driven by the quality of good projects. In this case, capital requirements have to be anticyclical for macroprudential but
not for microprudential reasons.

This means that, depending on the drivers of the business cycles, the stance of macro- and microprudential policy may or may
not be aligned. This is not as surprising a finding as one may think. It is quite well known that, in periods of economic boom (that is,
when there is abundance of good projects, or at least of projects perceived as good), supervisors are usually satisfied with the levels
of banks’ capital and provisions, while in periods of downturns they become more worried and may ask for remedial actions which,
from a macroprudential perspective, may make things worse.

So far, in a “Hamlet without the prince” vein, we discussed the effect of macroprudential instruments while neglecting monetary
policy. This is a problem. As we all know, at least since Stiglitz and Weiss (1981), if monetary policy is an effective (to use today’s
jargon) macroprudential tool, it might not fare as well microprudentially. High interest rates exacerbate adverse selection problems
and incentivize risk shifting, all the more so the higher reserve requirements (or other forms of taxation) are. This means that the
use of monetary policy and reserve requirements to avoid the buildup of aggregate risk needs to be accompanied by very careful
microprudential supervision.

When we look at the interaction between monetary policy and capital requirement, the picture is more nuanced. In particular,
capital requirements may make monetary policy more microprudence friendly. Indeed, the effect of monetary policy tightening on
banks’ risk-taking may depend on the level of capital requirements. For low levels of capital requirements, an interest rate hike
increases the riskiness of bank’s loan portfolio, while the opposite is true if capital requirements are sufficiently high. The intuition
is simple: monetary policy affects the incentives of the bank in two ways: (i) by decreasing the returns in the case of success (since
the increase in the cost of funding is only partially passed on to borrowers), and (ii) by increasing the banks’ skin in the game.
When capital requirements are low, the first effect dominates,which leads risk-taking to follow the interest rate. Instead, when capital

8 Bloomberg, September 20, 2012.
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requirements are sufficiently high, the skin in the game effect dominates, and interest rate hikes make banks behave more prudently.
This is the same argument as in Dell” Ariccia et al. (2014), who show that if the capital structure of a bank is fixed, the effect of a
monetary easing on risk-taking depends on its leverage.

While we focused our attention on reserve requirements and capital requirements, these are not the only macroprudential instru-
ments available. For instance, different types of macroprudential taxes can be levied on bank loan activities. If we compare the reserve
requirements and taxes on credit, it is easy to verify that in the absence of minimum capital requirements, taxes on deposit and taxes
on credit are equivalent. Instead, in presence of capital requirements, an increase in the tax on credit will affect credit (negatively)
and risk taking (positively) more than a tax on deposit. This follows from the fact that the presence of capital requirements reduces
the base of the deposit tax.

Finally, the model presented in this paper is intentionally stylized, leaving out important regulatory design considerations. The first
regards the impact that banking regulation can have on the behavior of nonbank financial intermediaries. For example, International
Monetary Fund (2016) documents that in countries with stricter bank capital regulation, monetary policy tightening induces a re-
duction in banks’ and an increase in financial companies’ assets that are greater than in countries with less stringent regulation.
Similarly, Bengui and Bianchi (2018) show that regulations that induce more prudent behavior from supervised institutions can have
the unintended consequence of encouraging riskier behavior from institutions that are outside of the regulator’s purview. Thus, the
coexistence of banks and nonbank financial institutions calls for a unified regulatory framework that internalizes the potential for
regulatory leakages.

A second consideration not covered in our paper is the fact that banks subject to the policies discussed here are part of a network,
where each individual bank’s action affects others directly, through interbank transactions, and indirectly (Acemoglu et al., 2015).
The presence of financial networks not only introduces the potential for those uninternalized externalities that are typical in macro-
prudential models, but it also highlights the fact that prudential policies can disrupt the interbank network. For example, Erol and
Ordoénez (2017) show that the interbank network may suddenly collapse once regulations are pushed above a critical level, with a
discontinuous increase in systemic risk as banks’ cross-insurance collapses.

4. Conclusions

According to the current wisdom, prudential regulation should be thought of as an additional instrument in the hands of policy-
makers to avoid the buildup of excessive risk along the business cycle. Such a view is supported by many recent contributions that
incorporate financial amplification effects in open macro models, which study how “macroprudential” taxes can help in coping with
financial externalities.’

In this paper, we show that while different prudential instruments may help reduce lending incentives, their effect on banks’ risk-
taking incentives are uneven. While capital requirements always promote safer behavior, the same is not true for reserve requirements
or, in general, for those kinds of instruments that are equivalent to taxes on banks’ liabilities. This means that if it is important to
look at the macro effects of microprudential measures, one should also look at the micro effects of macroprudential policies. Policies
that aim at reducing risk associated with financial externalities may under certain circumstances increase banks’ risk appetite so that
micro- and macroprudential objectives may not always go hand in hand.
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Appendix A. Appendix
Al. Conditions for the existence of an interior solution

From (9), ¢* < 1 if

2
%—®+\/6¢(r+x)/4+<%—@> <3u,

which, after some manipulation, can be written as

%<%ﬂ—¢(l‘+l€)+@. (n

9 See, among others, (Bianchi et al., 2012; Korinek, 2011), and Benigno et al. (2011)
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From (10), R* < A/p if

2
%+2®+\/6¢(r+r<)/4+<%—®> < %

which, after some manipulation, can be written as
% > V2¢(r+x)u+0. (12)

Finally, a the bank’s profits can be written in equilibrium as

W | =

2

o= <% - R*> <q*(R* -0)- H% - ¢(r+ K)):
and, using (8),

2
n*:q*(%—R*) > 0.

. . s . . . .3 A .
Using (11) and (12) we obtain the following inequality for an interior solution: SH=—r+K)+0> i > 1/2¢(r + K)u + ©. Notice

that the set of values of % that satisfies the inequality is non-empty as long as

%,u—qﬁ(r+l<)> V2p(r + k). (13)

This condition is clearly satisfied for ¢ = 0. Moreover, it is is easy to verify that there exists a & € [0, 1] such that %;4 —p(r+x)>
- - 3 A
V2¢(r + K)u for every ¢ < ¢. Throughout the paper we assume that ¢ < ¢ and SH—r+K)+ 0> 3 > \/2¢(r + k) + 6.

A2. Second-order conditions for a maximum

The second-order sufficient conditions for an interior maximum are that at (¢*, R*), My <0, TIgg <O, and I1,,Tgp > Hfl R where
I1,, denotes the cross partial derivative of IT with respect to x and y.

I, = —u(A - pR*) <0, (14)
Mgg = —264* <0, (15)

g = —P(R— O — ug*) + (A - BR"),
which, using (7), becomes

Mg = (A—BR"). (16)
Using, (14), (15), and (16), we find that

M, Mlgg > 112, < R > % —2qu. a7
Substituting the value of R* from (10), one can immediately verify that (17) always holds true.

A3. Proof of Result 1.

Totally differentiating the first-order conditions of the bank and applying Cramer’s rule, we find that
dg* _ ~TyyTlrr + eyl

= (18)
d¢ M, Mge — 15,

Since the denominator of (18) is negative because of (17),

sign

dq* .
ﬁ' = stgn‘—qu)HRR + HR¢HqR‘
and
—M,4Tgp + Mgyl g = (A — bR)(axq + k + r(=3a(A+ 1)g* + qla + A+ 1) + 1)) > 0, (19)

where the inequality follows from the fact that a, ¢ € (0, 1) and the assumption that capital requirements are binding « > ra.
Similarly,

q .
—' :Stgn‘—ﬂRRﬂqj+7zRﬂqu‘ (20)

sign 72
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where

—TRRTq; + TRaTqRr = —Par(A — PRY(1 — ¢ + 3aqep) < 0. @2n

Turning now to the interest rate,

s

sign

= sign’—zrqand, + Ty 7R | (22)
and

a7 Rp T TgpTgR (23)
=(A—-bR)(A—-bR)alk +r)+r(A—=2a(A+ 1)q) +r)+ blag — 1)(r(Ag+ g — 1) — k)(c + 2a(A + Dr¢)) > 0

where the inequality follows from the fact that capital requirements are binding.
Similarly, we hold that

*

sign 72

= sign’—n:qqﬂm + 7R (24)
where
—Tgg Ry + g mgr = (A — BR)(BR — A)($(2aq — 1) + 1) + bg(¢(ag — 1) + 1)(c + 2a(4 + Dr¢)) > 0. (25)

A necessary and sufficient condition for (25) is that

2
/4q—2<%—R> =—(%—9)+ 6¢(r+lc),u+<%—®> > 0.

dg* dR* dR* dq” i i oL _ _
Hence, AT > 0, and - < 0. This, together with the fact that = B < 0, proves the result.
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