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Abstract

In this paper we present a model where frictions in the supervision process
may set the stage for strategic complementarities among banks. We derive
the conditions for strategic complementarities in the behavior of banks in a
banking system in which the supervisory authority has a budget constraint
on the resources to allocate for monitoring, and supervision is costly for
banks. In such a framework, the goal of macroprudential policies consists in
simultaneously restraining the incentive of banks in extending risky loans,
without forcing the system towards a corner solution where all or none of
the banks provide credit. We point out that the countercyclical buffer is a
proper tool to reduce the number of banks issuing a higher amount of credit
during booms, while a loan-support-program can increase the number of
banks issuing higher credit during downturns.
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Risk and Strategic Complementarities: Banks
Behavior, Supervision and Macroprudential
Policies

T. Carraro E. Gaffeo M. Gallegati

1 Introduction and Related Literature

After the crisis, there was a wide consensus regarding the financial system
need of a new macro-prudential framework to resist procyclicality. Some pro-
posed a more active role of monetary policy to address financial imbalances
(White 2009, Taylor 2010). Others suggested a regulation reform which in-
troduced new macro-prudential tools (e.g. leverage control, an additional
capital buffer or a mandatory insurance) to bridle the credit fluctuations
and to increase the resilience of the financial system (Lowe and Borio 2002,
Repullo and Saurina 2011, Hanson et al. 2011, BoE 2011). Both the solu-
tions had a common denominator: identify an efficient way to control and
limit the exaggerated fluctuation of the credit in the economy.

The political agenda after the crisis included both the solutions. Central
banks returned to their roots by re-assuming a broad mandate that en-
compassed the financial stability, and, many of them, started the so-called
unconventional monetary policy characterised by the worldwide use of the
Quantitative Fasing (QE') (Fawley and Neely (2013)). On the other hand,
the regulatory authorities of all advanced economies have already intro-
duced macro-prudential instruments in their toolbox e.g. the countercycli-
cal buffer. The main goal of these measures is not only to narrow the gap
between the banks’ perceived risk and the real risk (Borio and Zhu 2012,
Shin 2010, Borio et al. 2001, Brunnermeir and Krishnamurthy 2014), but
also to reduce the strategic complementarity forces that are present in the
bank market both in an economic boom and in a crisis period (Shin 2011,
Danielsson and Shin 2003, Aikman et al. 2015).

The macro-prudential approach to regulation has to consider the sys-
temic implications of the collective behaviour of financial firms. Specifically,
it is about identifying those endogenous processes that turn heterogeneity

! Although the beginning the scope of QE was more general, at a later stage, the ECB
and the Bank of Japan (BoJ) used the QE whit the scope of boost the credit in the
economy. The BoJ started Loan Support Program (LSP) in 2012 (Fawley and Neely
2013) while the ECB started Targeted longer-term refinancing operations (TLTRO) in
2016 (Bucalossi et al. 2016, Alvarez et al. 2017).



banks decisions into homogeneity and make the financial system more frag-
ile. As a corollary, the macro-prudential paradigm stresses the possibility
that actions that may seem desirable from a bank’s point of view may result
in unwelcome system outcomes. There are several examples of such falla-
cies of composition. For instance, for a single bank it is natural to tighten
lending standards in a downturn, but if all banks do the same the resulting
impact on economic activity can cause a further deterioration in the credit
quality of its portfolio. The mirror image during the upturn could gener-
ate an unsustainable credit boom, sowing the seeds of following financial
turmoil (Crockett 2000). In last few years, researchers have made the max-
imum effort to respond to the multitude of questions that the introduction
of macro-prudential approach has raised, however several questions are still
open and the literature arguing these topics is growing fast (Brunnermeier
et al. 2009, Claessens 2014, Schoenmaker 2014, Freixas et al. 2015).

The idea proposed in this study is close related to the findings of Aik-
man et al. (2015) which show how several frictions, such as risk shifting,
reputational concerns and moral hazard behaviour of economic agents, can
generate strategic complementarity behaviour among banks. The general
idea is that if any bank system fragility triggers a strategic complementarity
behaviour among banks, then each one takes into account the decisions of
all others. In the case that the strategic complementarity is strong enough,
banks decisions could be led by lemmings, losing the connection with the
economic fundamentals.

In our model we assume that CBs supervision may suffer from rigidi-
ties that, in turn, can generate strategic complementarity among banks. In
particular, in a banking system in which the supervisory authority has a bud-
get constraint on the resources to allocate for monitoring, and supervision is
costly for banks, we derive the conditions for strategic complementarities in
the behavior of banks. The model presented in this study follows the stan-
dard framework explained and intensively used in the literature to describe
strategic complementarities?. We can resume the original contributions of
this work in three main points. First, we point out that the simultaneous
presence of constraints on supervision that makes it not flexible and the
fact that monitoring is costly for banks, springs strategic complementarities
among banks. Secondly, the countercyclical buffer enables the authority to

2This type of model it is a handy way to take into account the interdependence decisions
through the players. The micro-foundations of this class of models is obtained through the
balance sheet of financial intermediaries, and it allows explaining the movement observe
on credit, leverage and asset prices (Geanakoplos 2010, Kiyotaki and Moore 1997, Adrian
and Shin 2013, He and Krishnamurthy 2013). The model follows the standard framework
explained and intensively used in the literature to describe strategic complementarities,
for instance attacking a currency (Morris and Shin 1998), refusing to roll over debt (Morris
and Shin 2004), participating in a run on a bank or SIV and declining to renew a certificate
of deposit in the interbank market (Rochet and Vives 2004) and the credit freezes during
the latest crisis (Bebchuk and Goldstein 2011).



affect the banks incentive of issuing more credit. Thirdly, accordingly with
Stein (2012), the CB can use the monetary policy to affect the probability
of a credit crunch or boom. All in all, the model here proposed can be used
to provide new evidence on how the new macroprudential tools introduced
after the crisis are useful to manage the strategic complementarity forces in
the bank system. Indeed, one of the purposes of these measures is to prevent
that the equilibrium of the bank system escalates towards a corner solution
where all or none of the banks provide credit.

The paper is organized as follow. Section 2 briefly summarizes the lit-
erature studying CBs banks supervision, its effects, and why its rigidities
can generate strategic complementarity among banks. Section 3 presents
the model, and section 4 is dedicated to discussing the CB problem, the
general framework of regulation, and the presentation of macro-prudential
instruments. Section 5 concludes.

2 How supervision can generate strategic comple-
mentarity among banks

In this section, we present briefly the literature that studies banks’ super-
vision, its effects, and why its rigidities can generate strategic complemen-
tarity among banks. Two assumptions are needed in the model to observe
strategic complementarity. The authority in charge of the banks’ supervi-
sion has to have a budget constraint, and the supervision has to be costly
for supervised banks. If these hypotheses are acceptable, then it is trivially
understand why there is strategic complementarity among banks. Indeed,
the supervision authority cannot effort to supervise all banks that it would,
and each bank knows that higher is the number of banks that should be
supervised, lower is the probability to be supervised.

Academic works studying bank supervision are quite limited, reflecting
the opacity of supervisory activities which results from supervisors reliance
on confidential information. Regarding the economic impact of supervision,
there are few recent contributions as Rezende and Wu (2014), Eisenbach
et al. (2016), Hirtle et al. (2016), and Ivanov et al. (2017) in which the fo-
cus is on how the supervision affects the performance and the behavior of
banks. The results suggest that an improvement of Continuum Monitor-
ing supervision decreases the risk, as measured by less risky lending, lower
earnings volatility, and more conservative accounting practices.? supervision

3Banks supervision can be divided into two areas (Eisenbach et al. 2017). The Con-
tinued Monitoring activities which are intended to enable each firm-focused supervisory
team to develop and maintain an understanding of the organization, its risk profile, and
associated policies and practices (BGFRS 2015a), as well as to identify gaps or issues
that might lead the team to do a more in-depth analysis. In contrast to Continuous
Monitoring, which consists of on-going, repeated activities of the firm-focused supervisory
teams, the Enhanced Continuous Monitoring and Formal Examinations involve discrete



decreases the risk as measured by less risky lending, lower earnings volatility,
and more conservative accounting practices. Kandrac and Schlusche (2017)
point out how that, absent routine and ongoing supervisory oversight and
examination, banks seek to accumulate riskier lending portfolios. The ex-
pansion in risk-taking goes hand in hand with a delay in the resolution of
failed institutions, so the consequence of low supervisory capacity results in
a higher incidence of failures, as well as more costly failures. Therefore, the
Continuum Monitoring may lead to a positive spillover effect which increases
banks efficiency, but, by limiting banks risk taking, it may also reduce the
expected interest rate by shareholders. As Ivanov et al. (2017) figure out, if
banks perceive costs of supervision exceeding its benefits, they may attempt
to avoid oversight. This potentially reduces the effectiveness of supervision.
Concerning the effect of Enhanced Monitoring, as shown by Eisenbach et
al. (2016)it can be costly for banks, and usually ends with fines and costly
decisions. Moreover, it could generate a stigma effect which reduces its
credibility and in turn increases internal and external costs of capital.

Notwithstanding the authoritys budget and how it is used represent con-
fidential information, we may get (extract) some information from Staff Re-
ports of The Federal Reserve of New York.

The goals of the planning process are to identify the key super-
visory objectives for the coming year — for example, what areas
or topics will the team analyze in depth or what topics will be
the key focus of continuous monitoring and enhanced continuous
monitoring and to ensure that there are sufficient resources to
achieve those objectives. Resources are often constrained in the
sense that there is often more work that could be done than there
is time or staff to do it. There is also a desire to leave space in
the supervision plan to deal with for unforeseen developments so
that these do not crowd out other important work. (Eisenbach
et al. 2017)

supervisory projects that are generally conducted on a one-time basis. The Enhanced
Continuous Monitoring is intended to provide insight into a particular topic, business
strategy, risk levels and risk management practices and controls. It can also be used to
learn more about an area or fill a knowledge gap. When the information-gathering and
analysis conducted reveal deficiencies in a firms risk management, governance, or other
controls, or if a firm is found to be in a financial condition that threatens its safety and
soundness, then supervisors can take various actions to compel the firm to address the
deficiencies. From the mildest of these supervisory actions: matters requiring attention
(MRAs), matters requiring immediate attention (MRIAs), Memoranda of Understanding
(MOUs) and the formal supervisory actions known as 4(m) agreements (4Ms). These
are all the confidential actions while such as written agreements, cease and desist orders,
and fines are publicly disclosed by the Federal Reserve Board. These formal supervisory
actions have legal force. If should the firm fail to meet the terms of the action, it can face
fines and other actions, such as a requirement to restrict its growth or to divest certain
assets.



It is evident how the supervision authority suffers from a budget con-
strain which does not allow it to set the supervision freely. Furthermore,
Figure 1 displays the evolution of Federal Reserve employees in supervi-
sion and regulation both in absolute and relative terms. The workforce was
steady from 1995 to 2006 despite before the crisis the financial system was
not only growing but becoming more complex. This indicates that dur-
ing an upturn phase the regulatory authority is not incentivized to increase
supervision and the budget allocated to it. There are several possible expla-
nations for this behavior. For instance, when economic and financial indexes
are good the authority may suffer from a positive bias of the specific and
systemic risk, and face political pressures to have a relaxed supervision to
enhance the credit.

5000 25%
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3000-] L 15%
2000 L 10%
1000+ L 5%
Q005 2000 2005 2010 2015 P

Employees in supervision and regulation (left)
Share of total Federal Reserve employees (right)

Figure 1: Federal Reserve supervisory staff. (Source: Eisenbach et al. 2016)

Finally, as explained by Dudley (2014) and Dudley (2016), banking su-
pervision works in concert with regulation as a more flexible element of
banking policy. The accounting standards and the processes for identifying,
measuring, monitoring and controlling risks can influence the result of su-
pervision. In particular, a tighter regulation can reflect an authority which
makes more punctilious supervision, and vice versa for a less stringent one.
However, it was the crisis that pushed the FED, the European Central Bank
(ECB) and, the vast majority of the Central Banks (CBs), to reform the
accounting standards and the process of risk evaluation, by making them
more stringent, while no intervention has been adopted in the early 2000s
during the boom phase (BIS 2015, ECB 2014, ECB 2017).

Given the above considerations, it is reasonable to assume that there are
some rigidities on supervision authorities. More specifically, they suffer a



budget constraint that does not let them make a timely adjustment of the
supervision resources.

3 A simplified bank credit model

If the authority cannot adjust the amount of supervision, as it suffers from a
budget constraint, and the supervision is costly for banks, then there is the
proper framework for a banks’ strategic complementarity behavior. Indeed,
if the number of banks that has to be supervised increase then the bank’s
probability to be supervised decrease. This, in turn, reduces the expected
cost of supervision and therefore it boosts the banks’ incentive to take risks.
In this section, we present a general framework for analysis, including the
game played by banks managers which causes the strategic complementarity
within the model.

3.1 Preliminaries

Consider the following binary action game among a continuum of risk-
neutral bank managers with a unit mass. The task of the manager is to
choose the leverage of the bank to maximize the return on equity. The ac-
tion set of the manager i is {0, 1}, where y; = 1 is interpreted as set a high
leverage; while, y; = 0 set a lower one.

Let ' = 7(y; = 1,y;0) and 7° = 7(y; = 0,; ) denote, respectively, the
managers’ payoffs of action 1 and 0. y is the fraction of managers that play
y; = 1 and 6 is the state of the world variable. The differential payoff between
the two actions is 7! — 7% = B > 0if y > h(#) and is 7! — ¥ = -G < 0 if
y < h(6), where h(0) is the resistance function, namely the critical fraction
(of managers) above which it is convenient to play y; = 1. Therefore, from a
manager’s point of view, it is convenient to play y; = 1 if enough managers
choose to play 1, and so the resistance function is overcome (y > h(9)).

Let p be the probability that enough managers play y; = 1, and thus
the manager is indifferent between the two strategy. This means that pB +
(1 —p)(—=G) = 0. We can define this critical probability with v = ﬁGB,

€ (0,1). A manager will play y; = 1 if his assessed probability of y > h(0)
exceeds v. We shall assume that h(-) is strictly increasing, it is smooth on
(6,0), crossed 0 at § = § (with limg_,g h(#) = 0) and crossed 1 at § = 6.

The managers’ game has the standard feature of strategic complemen-
tarity games, namely the differential payoff 7! — 70 is increasing in the mass
of managers y.

Under the hypothesis of complete information among managers, we have
that if @ < @ the dominant strategy is to play y; = 1, if # > 0 the dominant
strategy is to play y; = 0, and finally if § < 0 < 6 there are multiple
equilibria, including one in which all managers play the action 1 and one in
which all managers play action 0. So 8 is the threshold below which there is



the maximum level of credit in the economy. All managers opt for the high
level of leverage and thus the system’s leverage is at its maximum. On the
other hand, 6 is the threshold above which there is the minimum amount of
credit in the whole bank system, and accordingly the system’s leverage is at
its minimum. Several crises have thought us that the proper level of credit
in the economy has to be far from extremes as both too much and too little
are costly for the real economy. Therefore, we can already define § as the
threshold below which we observe a dramatic credit boom in the economy
and 0 as the threshold above which we observe a tremendous credit crunch.

From now on, just between @ and 6 we consider an incomplete informa-
tion? version of the game where managers, given them information set, have
a Gaussian prior on the state of the world 6 ~ N(ug, 7, ) and manager i
observes a private signal s; = 0 +¢; (¢; ~ N(0,7.1)). It is worth noting that
the prior mean py and 6 can be understood as a public signal of precision
7.

In the following, we present the bank system model that allows the micro-
foundation of the decision of each manager.

3.2 The bank balance sheet and the resistance function

Suppose that there is a continuum of banks with at their head a manager.
Banks are homogeneous. We assume that the bank’s market is not in perfect
competition. Each bank has fund E which is fixed, and it has access to
the desired uninsured short-term debt D, whereas the active side of the
balance sheet is entirely composed by credit C. In addition, we assume
that shareholders can control neither before nor after the decision of the
manager. Each manager observes his private signal about the future state
of the world (#) which is the probability of default on credit. As we will
see, the manager faces a dichotomous choice. He has to decide between a
high debt to equity leverage (I,) or a lower one ([;) taking into account the
signal on #. The manager achieves a premium, in the form of reputation, if
he decides to set the high leverage and the bank has at least the same profit
of a bank that it does not. On the other hand, managers are aware that if
the bank has an high leverage, then it can be the object of an inspection by
the CB. This inspection causes, on average, monetary cost V. The number
of inspections ¥ is decided by the CB and it is public.

Finally, let us define some quantities that will be used in the following:
l= % is the debt to equity leverage ratio -from now on for sake of brevity
leverage-, and v = % the share between the cost due to the inspection and
the equity.

Thinking the problem in term of balance-sheet variation is easier. Since
the equity is fix, the increase of credit has to be fully funded by debt (AC =

“The incomplete information game is referred to in the literature (e.g. Carlsson and
Van Damme 1993) as global game.



AD). Therefore, given ¥ < y < 1, the expected profit variation is:
1\
AIlf = AC(1+r.)(1 —0) + ACO(1 — LGD) — AD(1 +rgq) — Vg. (1)

Where r. is the interest rate on credit pay by borrowers, LG D is the average
lost given default, r4 is the interest rate that the bank pays on debt and %
is the probability to be inspected. As AC = AD and ATD =l —{;, dividing
by E both side:

AIT?

7 = =) (A +r)(1=0) + (h = 1)0(1 = LGD) = (I = i) (1 +7a) —U\;

where [}, is the high leverage, while [; is the low leverage.

The manager chooses the leverage to maximize the expected profit. As
proof in Appendix A, the optimal decision is either to set {; = [, namely
the maximum leverage below which the authority does not consider a more
punctilious inspection necessary, or to set I, = [, which is the maximum
leverage permitted by the authority.

Arg; = (=D +7r)(1=0)+ (=101~ LGD) — (I =) (1 +rq) — vj (2)

The manager increases his reputation if he decides for I and the bank
obtains unless the same profit, and thus shareholders the same return:

(=D +7r)(1—6) + (=161 — LGD) — (I = (1 + ) — ‘;’ ~0. (3)

Therefore, if the probability of the extra profit of the bank is higher than
7, then the best strategy of the manager is playing y; = 1, namely set [.
The hunch is that the manager increases his prestige if he is in charge
of a big bank and the bank has at least the same economic result of a small
bank. It is worth noting that the strategic complementarity stems from
the decreasing probability to be inspected due to the increase in the mass of
banks with a high leverage. This fact connects the manager’s decision to the
decisions of all other managers and to the rigidity of supervisory authority.
Suppose that all managers play y; = 1 and therefore y = 1. In this case,
the variation of the expected return of shareholders is 0 if the state of the
world is _
(I =0D(rc—rg) — vV
(I —1)(re + LGD)

6= (4)

So if # > 0, the dominant strategy for all managers is playing y; = 0.
Vice-versa, suppose that just a fraction of managers between 0 and ¥

plays y; = 1, as a result all banks with an high leverage are inspected



certainly. The state of the world for which the variation of the expected
return of shareholders is 0 then is

(I=D(re —rq) —v

6= (—1)(re+ LGD)

()

So if 6 < 6§, the dominant strategy is playing y; = 1.

Finally, suppose that ¥ < y < 1, for each y, we compute the proper state
of the world (6) such that the variation of the expected return of shareholders
is 0. This allows to define the resistance function. From Equation 3, with
simple algebraic passages, we obtain that

vV
O S A -6 160 - LOD) — (L a ]

This is the resistance function, namely the function that defines the mini-
mum mass of managers that has to play y; = 1 for each state of the world
(between € and 6) above which it is convenient for a manager playing y; = 1.

Figure 2: The resistance function h(f). Above the blue line y > h(f) and
the best choice for managers is to play y; = 1.

3.3 Equilibrium and strategic complementarity

We exploit the well-known properties of monotone supermodular games to
find the condition whereby there is a single equilibrium and to define the
equilibrium (Carlsson and Van Damme 1993). We seek a symmetric equilib-
rium between threshold strategies under which a manager will choose y; = 1
if, and only if, he receives a signal whose value is below a certain threshold.



As explained by Vives (2014), it is useful to think the structure of the game
as the best reply of a player r(-) to the common signal threshold § used
by other players. Each equilibrium is characterized by a signal threshold
s* such that s* = r(s*). This signal threshold will imply a critical world
state 6* € [0, é), below which the mass of managers, which play y; = 1, is
successful.

The best reply can be computed in two steps®.

1. Given a signal threshold § at which other managers play y; = 1, the
manager computes the state of the world threshold # such that it is
convenient playing y; = 1 if, and only if § < 6, namely when P(s <
5/6) = h(d) if # > @ and § = @ otherwise. Therefore it locates the
state of the world threshold § = 0r(8) for which the mass of managers
playing y; = 1 is successful, which is increasing in §. In other words,
on this curve, whenever 6 > 6, the fraction of managers playing y; = 1
is y = P(s < 4|0) and it equals the critical fraction above which it is
convenient playing y; = 1.

1
Ve

sp(0) =0+ —=@'(h(9)) (7)

2. Given the state of the world threshold é, the manager computes the
signal threshold § below which it is optimal play y; = 1, namely P(6 <
0|3) = ~. This condition gives the signal threshold curve § = s7(6).
Therefore, it locates the threshold § = sp(f) for which the expected
manager payoff is the same whatever decision he takes, or in other

words, he is indifferent between y; = 1 and y; = 0.

A T+ Tesr To T + Te - _
sr(0) = 40— Zpg - 0 () ®)

The best response function is the composition of the two thresholds:
r(8) = s7(0r(5)),

R To + Te R 7o VT + Te . _
r(8) = T 0r(5) = g — Y07 () ©)

As a higher threshold § by others induces each manager to use a higher
threshold too, this is certainly a strategic complementarities game. The
intersection points of the two curves (6 = 0p(8) and § = s7(0)) are equilibria,
which can be defined even as the fixed points of the best response function.

We collect the properties of the equilibrium in Proposition 1.

Proposition 1 Let hi denote the smallest slope of h(-) between (6, 0).

5The proof is given in Vives (2014) and reported in the Appendix B.1
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State of the world threshold
Signal threshold

4 0
Figure 3: Model equilibrium. (r; = 0.07, LGD = 0.2, rq = 0.02, [ = 10,
l=5v=0.1,7v=0,5, ug = 0.135, 79 = 100 e 7. = 1000)

1. Each equilibrium is characterized by two threshold (s*,6*), where s*
is the signal threshold below which a manager chooses y; = 1 and,
0* € [0, é) is the state of the world below which the mass of managers,
who have chosen y; = 1, is successful.

2. There is a critical value of h(f) denoted by ho(8) such that:

o if h(9) > ho(0) then there is at least the smallest equilibrium
0*=49.

o if h(0) < ho(0) then 6% > 0 for any equilibrium.
3. The equilibrium is unique if :—f < h1V2m.

The proof of this proposition is given in Vives (2014) but, for completeness,
we report it in Appendix B.2. A peculiar feature of this type of game is that
the extremal equilibria are in the threshold strategy and others equilibria
are bound between the largest and smallest one. When the uniqueness
condition reported in the third point of the Proposition 1 is verified, then
the largest and the smallest equilibrium coincide, and therefore there is a
unique equilibrium.

The extent of strategic complementarity among the managers’ actions
depends on the slope of the best response function. The maximal value of the

11



To+Te

slope is given by 7 = Py p e which depends on h(f) and, in particular,

it is increasing in hl_l. The degree of strategic complementarity is higher
whenever h is less sensitive to 6, 7y is higher (high precision of public signal),
and 7. is lower (low precision of private signal). The resistance function is
the Equation 6. The derivative of h(6) respect to 6 is the following

0] v¥(l —1)(r. + LGD)
% (0= DI+~ 0) 4001~ LGD) — (1 + 1))’

:hez

The smallest slope of h(-) on (6,0) is when 6 tends to @ from right, so we
compute the limit:

_ D(r. + LGD)¥
hy = lim hy = L Det LGD)T

0—0+ v

(10)

The minimum slope of the resistance function is increasing in Al, r., LGD
and ¥ whereas is decreasing in v. If for h; there is only an equilibrium, then
the model, for whatever 6, has just an equilibrium (Proof in Appendix B.1).

Regarding the strength of the strategic complementarity among man-
agers depends on the slope of the best response function. Specifically, it
is increasing in Al and r., while decreasing in the LGD, rg, v, and in the
amount of control done by the CB (V).

3.4 Comparative statics

We confine ourselves to analyze the full comparative statics properties of
unique equilibrium despite these properties hold both when it is unique and
when there are multiple equilibria also for the extremal ones. Moreover, they
hold for any equilibrium even if unstable or intermediate, if we suppose that
out of equilibrium-adjustment is adaptive. The results are stated formally
in Proposition 2. For the sake of brevity let us collect together r4, [, LGD,
v and V¥ in o, while [ and r. in f3.

Proposition 2 Let h(0;a; 8) < ho.

1. The thresholds 0* and s* and the probability that a manager observes
signal for which the best strategy is to play y; = 1 (P(s < s*)) are all
decreasing in vy, in the expected value of the state of the world pg and
in «, while it is increasing in 3.

2. The change of the public signal g has a multiplier effect on the equi-
librium thresholds which is enhanced when Ty is higher.

3. Let v < 0.5. If ug is low enough (ug < 0 is sufficient)®, then a more
precise signal (an higher 19) increases 0%, s*, and P(s < s*); whereas

5The condition is if for @ = g, s7(0) > sr(0) then an increase of 75 or a decrease of
Te increase 6%, s™ and P(s < s*).

12



a more precise private signal reduces them. If pig is high enough (19 >
0 — (19 + 1) 02D () is sufficient), then the results are reversed" .

The proof of this proposition is given in Vives (2014) but, for completeness,
we report it in Appendix B.3. It is worth noting that:

e as y = P(s < s*|0), then y is decreasing in both v and pg. Namely,
given 6, both a worsening of the economic outlook (an increase of )
and an increase of the probability such that the manager is indifferent
between the two choices (an increase of 7), lead to a reduction of
the credit issues in the economy. Thus, if managers were risk lovers
(risk adverse), they would be indifferent between the two choices even
with a lower (upper) probability that enough managers play y; = 1.
Therefore, ceteris paribus, if we change the managers’ risk appetite,
we observe a variation of credit in the system.

e Likewise, we can read the effects of a variation of both the public and
the private signal. In few words, given #, any variation that causes a
left shift of the threshold 8* and a downward shift of the threshold s*
lead a reduction of the credit issues in the economy. Vice-versa, any
variation that causes a right shift of the threshold 6* and an upward
shift of the threshold s* lead an increase of the credit issues in the
economy.

Let us now apply the results of the proposition to illustrating the compara-
tive static results in the model. In the model hg depends on the amount of
inspection decided by the CB (¥ € (0,1)). In each case exists a ¥ that if
U > W then #* = §; while, if ¥ < U then #* > § at any equilibrium. The
proof of the Proposition 3 is in the Appendix B.4.

Proposition 3 Let ¥ < V. We analyze how P(0 < ), P(6 > 0), and y
change when a parameter varies.

1. we define P(6 < 0) as the probability of extreme credit expansion.
This probability decreases if 0 decreases and when py grows. Therefore
P(6 < 0) decreases in the LGD, rq, I, and v, while it increases in I, and
re. Moreover, if 0 < pg < 0, then it is increasing in the precision of
public signal T9. Finally, it is independent of the number of inspections
decided by the CB WV, of the precision of private signal 7. and of the
probability .

2. we define P(0 >~0~) as the probability of a credit crunch. This probabil-
ity decreases if 0 increases and when ug decreases. Therefore P(6 < )

"The condition for the comparative statics results in Proposition 2.3 are sufficient
but not necessary. When the equilibrium is unique it can be checked that it can be
strengthened as follows: there are threshold jig and fip with fig < fip such that 6" increases
with 7 if and only if pg < fig, and 6" increases with 7. if and only if pg > fig.
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Table 1: Summary of the results reported in the Proposition 3

P60 <0) P >0) P(s < s*|0)
(Credit expansion) | (Credit crunch) (y)
Te + - +
LGD — + —
Td - + -
L - + -
v — + -
U 0 + -
l + - +
o - + -
9 + + if g < 19 +; else —
Te 0 0 if g < 19 —; else +
ol 0 0 —

increases in the LGD, 14, 1, v, and U, while it decreases in I, and re.
Moreover, if 0 < pp < 0, then it is increasing in the precision of public
signal T9. Finally, it is independent of the precision of private signal
Te, and of the probability .

3. y 1is the fraction of managers which plays y; = 1 and, accordingly,
the fraction of banks with I. y = P(s < s*|0) or in few words y is
the fraction of managers which has a private signal below the signal
threshold s*. P(s < s*|0) decreases if s* decreases and when pg or
v grow. Therefore, it decreases in the LGD, rq, I, v, and ¥, while it
increases in 1, and ro. If pg < tig, then the probability is increasing in
Tp and it is decreasing in T, whereas if py > g it is increasing in Te
and decreasing in ty. (where fig < fig .

The results reported in the Proposition 3 and summaries in Table 1 enable
some economic consideration, in particular, it is worth emphasizing as an
increase of ¥ enhances the probability of a credit crunch, and reduces the
amount of credit in the economy; whereas it has no effect on the probability
of uncontrolled credit expansion. Therefore, the CB cannot influence the
threshold below which there is a common convenience between banks to
play y; = 1 through an increase of supervisions W.

The third point of the Proposition 2 indicates that realizing more public
information could be not social optimum both when py is low (too good
economic outlook), and is high (too bad economic outlook). In this case, the
public signal is a coordinating device for managers that can potentially lead
them to take the same decision, since each one knows that others will weight

°If v = % then fig = 19 = 0* and therefore if ug < 0* y is increasing in 75 and
decreasing in 7, otherwise in the other way round.
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the public signal heavily. This effect is reinforced if public information is
precise and the private signal is not, as the value of the public information
increases.

4 The macro-prudential regulation and the struc-
tural effect of monetary policy

The crisis of 2007 has reiterated the need for a macro-prudential approach
of banking supervision and regulation. A form of responsibility for finan-
cial stability is now widely regarded as an essential characteristic of central
banking. The change of paradigm is essentially due to the central role that
the banks’ behaviour had in the recent crisis both in boost the bubble and
in the credit crunch. Credit boom and credit crunch are somehow similar,
indeed in both it is discernible a coordinated homogeneous behaviour of
the majority of banks, as the Northen Rock case has shown (Shin 2009). To
shut down this vicious cycle, many CBs have started what is called a macro-
prudential policy through both monetary policy and new banking regulation
tools (Stein 2012, Basil 2011).

The purpose of the macro-prudential policy is to address negative exter-
nalities by acting as a countervailing force to the natural decline in measured
risks in a boom and the subsequent rise in measured risks in the downturn,
and to mitigate risks linked to financial sector concentration and intercon-
nectedness. As such, the macro-prudential policy has both a time dimension
and a cross-sectional (or structural) dimension.

4.1 The CB problem

For simplicity, we assume that the CB is in charge of the macro-prudential
mandate. The CB has to pursue the macro-prudential goal which consists of
preserving the financial stability, but on the other hand, it must maximize
the social welfare which depends by the amount of credit in the economy
and by the cost of an expansionary monetary policy.

The macro-prudential regulation is nested in the following micro-prudential
framework. The CB settles [ and [, respectively the maximum leverage per-
mitted and the maximum leverage below which the CB considers safe a bank.
Furthermore, given the budget constrain, the CB can inspect a fraction ¥
of banks whit a leverage above [.

To simulate the countercyclical buffer that several CB are implement-
ing, we suppose that the CB can decide a reduction of the maximum level
of leverage permitted (I° < [). Whereas, to mimic the monetary policy
measures e.g. the TLTRO done by the ECB, we suppose that the CB can
implement a loan support program which in turn reduce the cost of bank

financing (0 < Tg < rq). These measures are settled by the CB, under
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complete autonomy, to keep the probability of extreme events in a tolerance
range.

Let us define Por and Poe respectively the maximum probability tol-
erated by the CB of a credit boom and of a credit crunch. To archive
the macro-prudential target, the CB has to keep P(6 < 6) < Pcg and
P(0 > 0) < Pgc. Therefore, the CB scope is to maximize the social welfare
but keeping the probabilities of extreme events below certain thresholds.

The CB’s maximization problem is the following:
max W = f(U(I°, s o)) — 9(rg)

lb,rd

s.t. P < !
r§ <rq
PO < (", 75); o) < Por
P(0 > 0(1",r5); pg) < Pec
l= ﬁ’y(ﬁ’,rg;ug) + (1 — y(fb,rf;ue))

Where W€ is the expected social welfare, it is made up by f(-) which
represents the welfare due to loans, and ¢(-) which is the cost function of a
expansionary monetary policy. The welfare increases respect the amount of
credit in the economy [ but the marginal benefit decreases (f/ > 0, f; <0).
Whereas the cost function g(-) has the following properties: g(rg) = 0,
g, o < 0 and g;'g > 0, namely if r{ = 74 there is not cost, while the cost

increases more than in proportion with the gap between 75 and rg. So
higher is the reduction of the interest rate higher is the cost of the measure.

The expected welfare is strictly increasing in [°. Indeed, if I” grows then
increases even y, namely the fraction of banks with high leverage®. More
complex is the effect of a reduction of rg, on the one hand, a lower interest
rate increases the amount of loans, but on the other hand, it generates costs.
These costs are due to the active role of the CB which extends loans with
an interest rate lower than the market interest rate. Since the CB has not
funds, the cost lies on the society. At this early stage, let us assume that the
expected welfare is strictly increasing ever respect to rg, namely we suppose
that |f/(1(1,r§; ,ug))l;g] < | g;(g\w. This means that in term of welfare the

cost of the loan support program is higher than the benefit of the grow of
loans in the economy.

Given a generic public signal p, with a CB’s precision of 7, we can
define a normal economic time any situation in which the CB does not need
to use macro-prudential tools (I* = [ and rg =ry). In Figure 4 is displayed
an example. The thresholds of the CB (z¢g, zo¢) are within  and 0, the
probability of extreme events are lower than the desired ones.

9See Table 1, third colon.
10We discuss later in the text this hypothesis.
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ZCE o zce

0

Figure 4: Normal time. (r. = 0.07, LGD = 0.2, r4 = 0.02, [ = 10, [ = 5,
¥ = 0.338, v = 0.05, v = 0.5, pg = 0.135, 79 = 100, 7. = 1000 and 79, =
10000. Finally we hypothesize the macro goal is to keep both probabilities of
a uncontrolled credit expansion and of a credit crunch below 2,5% and z¢p
and zoc are respectively thresholds.) On average we obtain: s* = 0.135,
y =049 and We = "0 _ plra=rd) 1 = T (7(10)(0.02-0.02) 4 4 — 1,

4.2 The optimal macro-prudential policy with a positive shock

If there is a public positive shock, then the expectation of the future eco-
nomic outlook suddenly improves. This is reflected in the model by a de-

crease of py up to ,ug. If the shock is enough strong (,ug < 0+ 29 Too lB <

po)'t, then the probability of a state of the world in which there is a dom-
inant strategy is higher than the maximum tolerated by the CB. On the
left-hand side of Figure 5, ¢ is on the right of zop. The CB, setting the new
maximum leverage permitted [°, can bring back the probability of uncon-
trolled credit boom to the maximum tolerated. The CB, with a stringent
measure, could reduce the probability even further, but since it must max-
imize the welfare, it is not an optimal decision. On the right-hand side of
Figure 5, we can observe as, after the reduction of the maximum leverage
permitted, the P(# < §°) is equal to the maximum tolerated (Pcg), and §°
coincides with zog.

1 29 is the value of the normal value table. It depends on the maximum probability of

uncontrolled credit expansion tolerated by the CB.
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To define which is the proper [’ to set, the CB has to compute the

leverage for which
0" +\/Toc 2% = 14, (11)

(" =D(re—ra) —v T _ b
@ = U)(re+ LGD)  VToes™ = 1o 12)

_ vl = ra) = (5 = \/Tagl, ) (re + LGD) ”

(re —ra) — (1§ — w/Te_Cle%)(rc + LGD)

Where zop = 4 / Toe. 13 zo, depends by the maximum probability of uncon-

trolled credit expansion that the CB tolerates. 6° is the new threshold below
which there is a mutual convenience to choose the high leverage. Reducing
the maximum leverage permitted to [° is the optimal macro-prudential pol-
icy. It allows the CB to maximize the social welfare but preserving the
financial stability.

The macro-prudential measure decreases the number of banks which de-
cide to increase their leverage. So the total amount of credit in the economy
with the macro-prudential measure is lower than without, both as there is
a reduction of banks that have a high leverage, and as the maximum level
of leverage permitted is lower. Graphically, the reduction of the maximum
level of leverage permitted moves the curve of the state of the world thresh-
old'? left. The macro-prudential measure affects the incentives that each
manager takes into account in its decision, limiting the vicious cycle for
which a manager’s decision is driven by other’s decisions.

Let us present the numerical example reported in Figure 5. We hypothe-
size that the average amount of credit default decrease of 1.5%. This causes
that the probability of a credit boom is too high. The number of banks that
on an average have a high leverage jumps from 49.6% to 72.5%, so there is
22.9% of banks more than before that choose the high leverage. It deserves
to be underlined that of this 22.9% actually 4.3% of managers observe a sig-
nal worst then the minimum signal needed before. In other words, there is
4.3% of managers that, even if they observe a worse signal, they change their
mind just because there are more managers that choose the high leverage.
This fact can be interpreted as an overreaction of the banking system to the
shock, and it highlights how in certain circumstances banks’ decisions could
be led by lemmings, losing the connection with the economic fundamentals.
The CB, setting the maximum leverage permitted to [* = 9.365, is able to
keep the probability of an extreme event equal the CB’s tolerance, avoid
that managers with a worst signal change their decisions, and in addiction
the macro-prudential measure reduce y up to 62.5%. So, the CB, through

1P

12866 Section 3.3.
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ZCE 127 zZoo

(b) Effect of the reduction of
leverage permitted

Figure 5: With a positive shock (u) = 0.12). On the left-hand side, there
is the boom situation without the macro-prudential policy (s* = 0.1389,
y = 0.725, | = 8.625 and W* = 1.077). On the right-hand side there is the
effect of the reduction of the maximum leverage permitted. The optimal
macro-prudential policy is to set I* = 9.365 (s* = 0.13, y = 0.625, | = 7.725
and W€ = 1.022). In the name of financial stability, the CB is available to
lose part of the welfare’s increase.

the control of the maximum leverage permitted, can influence incentives
that all banks take into account in their decisions. Finally, it deserves to be
highlighted that the CB, in the name of the financial stability, loses some
social wellness. In particular, in the example the social wellness drops from
1.077 to 1.022.

4.3 The optimal macro-prudential policy with a negative
shock

Suppose that the future economic outlook gets worse and the public signal
becomes ,ug (1o < 0— \/ Toe 1B 2o < ,ug). On the left-hand side of Figure 6, we
can observe that the probability of a credit crunch is excessively high. The
threshold of the maximum credit crunch probability is on the right respect 6
so P(6 > é) > Poe. The CB, starting a loan support program, can keep the
probability of a credit crunch equal to Poc. Moreover, it can damper the
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reduction of credit in the economy and therefore increase the heterogeneity
in the economic system. Since we have assume that | f/(1(1%, 7§ po))l el <
d

| g;nc| then the CB’s optimal choice is to keep the probability of a credit
d

crunch equal to Poo. To define which is the proper cost of funding rg that
the CB has to set, it must compute the rate of interest for which

0 —\/Toom 2% = g » (14)

(=D(re—1§) — 0¥ — o
(—0)(re+LGD) \/@Z% = Ho > (15)
c oW+

)

— (re + LGD)(u§ + /7o, %) (16)

Where zoc = /7y, 113 2g, it depends by the maximum probability of a
credit crunch that the CB tolerates. As reported in Figure 6, with the loan
support program, the CB decreases the probability of a credit crunch and
boosts the credit in the economy, however it is welfare costly. Graphically
the loan support program moves the curve of the state of the world threshold
(defined in Section 3.3) right. Therefore, ceteris paribus, the mass of banks
that has to choose y; = 1, for which a bank is indifferent between the two
strategies, decreases for each 6.

Even in this case, through the numerical example reported in Figure 6,
we can underline that the shock causes an overreaction of the market. The
increase of 1% of the average default probability on credit reduces on average
y up to 34.6%. Therefore there is a reduction of y respect the normal case
of 14.4%, however, there is 3% of managers that, even if they observes a
signal that before were enough, now they change their mind only because
the number of banks with a high leverage is lower than before. The CB,
reducing the cost of financing, can keep the probability of a credit crunch
equal to the maximum tolerate and increases y up to 41.4%.

Thus we point out how the CB can use monetary policy measure with
a structural goal as explained by Stein (2012). The loan support program,
reducing the cost of banks funding, can decrease the probability of a credit
crunch and the homogeneity in the bank system.

Given this hypothesis | £/ (1(1%, r§; 1o))ll | < | g'cl, it is obvious that the
We decreases. As long as this assumptiondis true, Cfche CB is willing to use
the loan support program strictly to preserve the financial stability, namely
keep the credit crunch probability in an acceptable range. On the other
hand, if we relax this hypothesis | f/({(I*,7{; uo))l.c| < | g'c|, then the loan
support program may be useful not only to presefive the fciinancial stability
but even to push credit up. Indeed in that case, the increase of welfare due
to the credit grow is higher that the cost of a further reduction of rg. For
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0 0
(a) Crisis (b) Effect of loan support pro-
gram

Figure 6: On the left-hand side, there is the crisis situation in which ,ug) is
equal to 0,145 and the CB does not react (s* = 0.1325, y = 0.3463, [ = 6.73
and W€ = 0.9534). The CB miss the macro-prudential goals. While on the
right-hand side, it is reported the crisis situation but with the effects of the
loan support program done by CB that reduces r4 to rg = 0,0188. z¢c¢ is
equal to 6¢, and the CB archives the macro-goal (s* = 0.1381, y = 0.414,
[ =7.07 and W*° = 0.949).

instance, if the parameter of the cost of the monetary policy in the numeric
example is b = 2-10%, then in the crisis scenario with rg = 0.0188, we would
obtain W*° = 0.9547 > 0.9534, but with a rg = 0.0175 we would maximize
the welfare (W€ = 0.9552). Therefore in this case the CB does not limit
itself to preserve the financial stability, but push credit up to maximize the
social welfare.

5 Conclusion

The model presented in this paper shows how the rigidity of bank supervi-
sion can create frictions in the banking system that springs strategic comple-
mentarity behaviour among banks. More specifically, in a banking system
in which the supervisory authority has a budget constraint on the resources
that it can allocate to monitor, and supervision is costly for banks, we derive

21



the conditions for strategic complementarities in the behaviour of banks.

The standard explanation of the crisis is the shift in risk perceptions!s.
However, with our model, we corroborate the view propose by Danielsson
and Shin (2003), Adrian and Shin (2013) and Aikman et al. (2015) that
the strategic complementarities within the financial system exacerbate the
problem of the gap between economic agents decisions and economic funda-
mentals. Therefore, the shift on risk perception and strategic complemen-
tarities go hand in hand, with macro-prudential tools needed to mitigate
both of them. As an offsetting force to strategic complementarity, macro-
prudential measures should be thought and used to avoid situations in which
the incentive to take an equal decision among banks is likely to prevail. As
a corollary, the effectiveness of macro-prudential measures depends on the
ability of the authority to affect the mutual incentives take into account
by the majority of the economic players in their decisions. Reducing the
incentive to take the prevailing decision in the banking system decreases the
mass of banks that takes it, which in turn reduces the incentive to take that
decision. Macro-prudential policy, reducing the strategic complementarity
forces, narrows the gap between the economic fundamentals and the deci-
sion of economic agents, thus making the banking system more resilient. In
this context, we show that the countercyclical buffer and a monetary policy
measure that reduces the cost of banks funding (e.g. TLTRO) are useful
tool to reduce and manage the strategic complementarity forces in the bank
system. However, as clarified by Borio (2014), macro-prudential instruments
do not give superpower to CBs. The effectiveness of macro-prudential mea-
sures depends on the financial and economic condition and the convergence
to the same goal of others monetary and fiscal policy.

13The crisis of 2007 has shown that during crisis stage the financial accelerator theory
is not enough to explain the credit fluctuation observed. To fill this gap, Borio and Zhu
(2012) and Shin (2010) point out that during the economic booms banks and borrowers
underestimate risks and, when the crash comes, they overestimate risks.
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A Managers’ Leverage decision

Suppose a simple bank which the active side of the balance-sheet is fully
compose by credit C', while in the passive side there are debt D and equity
E, and equity is prefixed. The shareholders’ profit is:

=C(+r.)—D1+ry) —E.

Dividing by E both side, we obtain:

C
L4re = H(L+re) = Z (1 +7d)
D+E
= — U+rd) -z +ra)

= I+ DA +7r.) =11+ rg)

T =S

Trivially, the goal of the bank’s manager is to maximize the r, taking in to
account the constraint on the leverage.

max I+ 1)1 4re) —U(1+rq)
st. 1<l
We solve the maximization problem:

(14+70) — (L47q) — A=

There are just two possibility. If A = 0, then r, = ry = 7¢, the leverage is
indeterminate and the bank activity is not convenient. On the other hand,
if X # 0, then [ = [, and thus the manager sets the maximum leverage.
Therefore, assuming the second A > 0, in the model there are just two
possible level of leverage. [ which is the maximum leverage below which the
authority considers the bank safe and [ the maximum leverage permitted.
Specifically, each manager who receives a sufficiently good signal chooses 1,
while others [. In Section 3.3 we point out which is a sufficiently good signal.

B Proofs

B.1 Characterization of the best reply

From the equality ®(/7c(5—0)) = h(f) in the range (¢, §) we can solve for 3

as a function of #; thus we obtain sy(6) = 6 + ﬁ@‘l(h(ﬂ)) with derivative

sp=1+ ﬁh’(qﬁ(fbfl(hw))))*l > 0, where ¢ is the density of the standard
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normal distribution. The threshold 6 = 0r(8) is obtained as the inverse of
sp(+) whenever 6 € (9,0) and 0 = 0 otherwise. Since ¢ is bounded above by

—L_ and since hy is the smallest slope of A(-), it follows that s is bounded

Var
below: s > 1+ %hl. Hence 67,(8) < (1+ i—fhl)_l with strict inequality
except possibly when h(f) = 1, because then ®~1(3) = 0 and ¢ attains its

maximum: ¢(0) = \/%

At the critical signal threshold §, for a given state of the world threshold
f the expected payoffs for acting and for not acting should be the same:

Elr(1,y(8,s);0) — m(0,y(0,5);0)|s = 3]

= P(0 < 6|3)B+ P(0 > 0|3)(—C) =0

or

P < 0]3) = @(m(é - M)) =7,

T9 + Te

where v = C,JFLB < 1. It follows that signal threshold curve is given by

- T+ Ten T VT + Te o _
sr(0) = 210 — Ppy - YOI (y),
Te Te Te
and
~ ~ + € ~ + € _
r(s) =s7(0p(3) = " 0p(3) — Lpg — Y D7 (y),

Te Te Te
Therefore, the maximal value of the slope is

o To + Te

C Tet 277

which is increasing in hl_1 and in 7y, while with respect to 7. it is first
decreasing and then increasing. In particular It is trivial checked that g—f <
0 for 7. < 1p.

B.2 Proof Proposition 1

(1) The game is monotone supermodular as m(y;,y;#) has increasing dif-
ferences in (y;, (y, —0), namely the differential payoff to act (7! — 70) is
increasing in the aggregate action and in the negative of the state of the
world (y, —0) and signals are affiliated. This means that extremal equilibria
exist, are symmetric (because the game is symmetric), and are in monotone
(decreasing) strategies in type (Van Zandt and Vives 2007). Since there are
only two possible actions, the strategies at an extremal equilibrium must be
of the threshold form: y; = 1 if and only if s; < §, where § is the thresh-
old. It follows also that the extremal equilibrium thresholds, denoted s and
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s, bound the set of strategies that result from the iterated elimination of
strictly dominated strategies. In sum, the extremal equilibria are in thresh-
olds strategies and those bound any other possible equilibrium. If s = s
then the game is dominance solvable and the equilibrium is unique. Such an
equilibrium is characterized by two thresholds: s* denotes the signal thresh-
old to act; and 6* denotes the state-of-the-world critical threshold, below
which the mass managers is successful and a manager, who plays y; = 1,
receives payoff B. In equilibrium, the fraction of managers

y(0*,s*) = P(s < s*|0) = O(y/7e(s" — 0%))

must be no larger than the critical fraction above which it pays to act,
h(6*). Note that 8* € [9,0) because limg_,g hg = 0, h(-) is strictly increasing
on (6,0), and h(f) = 1. Furthermore, at the critical signal threshold, the
expected payoffs for acting and for not acting should be the same:

P < 0"s) = 0V + 70" M>> .
To + Te
where v = % < 1.
(2) Consider an equilibrium (s*,0*) . We show that if ®(\/7c(s* —§)) <
h(f) then 0* = ¢. This will be so if sp(0) > sp(f). It is immediate then
that sp(0) > s7(0) if h(0) > ho(6), where

ho(0) = (70— o) =\ [1+ T (3)) >0

For h(0) < ho(@) we have that 6* > ¢ at any equilibrium. In summary, there
is a critical ho(#) € (0, 1) such that for h() < ho(9) we have §* > § and for
h(8) > ho(f) there is always unless one equilibrium with 6* = 6.

(3) From B.1 we have that if /2 < hiv2m then 7/(5) < 1 and the
equilibrium is unique. In this case, the game is dominance solvable because
§ = s. Furthermore, it should be clear that the critical thresholds 6* and s*
move together. Let h(6) < ho(6). Then we can combine

(y/7e(s" = 07)) = h(07) (17)
and

e e (18)

To + Te

to obtain:
p(07) = 19(0" — o) — /7@ (A(0%)) — Vg + 7@ (1) =0 (19)

Equation 19 may have multiple solutions in 6*. As 6§ — 6 we have that
O 1(h(h)) — +oc and ¢ = —o0; as 0 — § we have that h(f) — h(§) and
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© — ©(f) > 0 whenever h(f) < hg. Hence there is at least one solution
0* € [0,6). That solution will be unique if ¢’ < 0; while if ¢ > 0 for a
potential solution ¢(f) = 0 then there will be multiple solutions. v tends
to 0 (resp., 1) we have that ®~1(v) tends to —oo (resp., +00), s* tends to
400 (resp., —o0), and 6* tends to 6 (resp., 6 ). These claims follow from
Equation 18 and because 6* € [0, 5) There is indeed a unique solution if

% < hi1v2w. We have that ¢'(6) = 79 — M#Ehh@))) and ¢’ is bounded
above as: ¢/ < 19 — h1/277. with strict inequality except possibly when

h(6) = 3. Therefore, if % < h1v/27 then ¢ < 0.

B.3 Proof Proposition 2
If h(0; ;1) < hg, then #* is determined by

o(0%) = 19(0" — pg) — ﬁ<1>_1(h(9*)) — /19 + 7'€<I>_1(’y) =0

We study how change in the parameters effect ¢(-).

(1) The result for 8* follows because ¢ is decreasing in pg, v and «, while
it is increasing in [ (since g—i < 0 and %—“f > 0). The threshold s* moves with
0*.1* The result for P(s < s*) is immediate for v, a and $. While for pg
the effect is due to up shift of the s distribution.

(2) Suppose the equilibrium is unique. The equilibrium signal threshold
is determined by r(s*; ug) — s* = 0. From this it follows that, for a marginal
change in g,

‘ ds*
dpg

whenever 0 < 7/ < 1. In consequence, an increase in pg will have a larger ef-
fect on the equilibrium threshold s* than does the direct impact on a players
best response 8%9 = _%' The same is true for discrete changes even with
multiple equilibria, provided we restrict our attention to extremal equilibria
or allow for adaptive dynamics. The multiplier effect is greatest when r’ is
close to 1 at equilibrium (i.e., when strategic complementarities are strong)
and we approach the region of multiple equilibria (and this happens when
T is large because 1’ is increasing in 7p).

(3) First consider changes in 79. We have the equality

0 ot
LIPS )
01y 2

_|0r/0pe| - or
N 1—7 8#9

“The result for pg follows also from a general argument in monotone supermodular
games. We know that extremal equilibria of monotone supermodular games are increasing
in the posteriors of the players (Van Zandt and Vives 2007). A sufficient statistic for the
posterior of a player under normality is the conditional expectation E[f|s] = %,
which is increasing in pg. Thus it follow that extremal equilibrium thresholds (—6, —s*)
are increasing in .
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and therefore g—f{; > 0 when § > pp, since 0* > 0 > pg and ®~(y) < 0
for v < % Note that, for 0* > pug, if 79 increases then P(6 < 0*) =
O(/Te(6" — pg)) also increases.

Consider now changes in 7.. With our current assumptions and using

the equality ¢(0*) =0 in g—;’;, we obtain

dp
or.

(0" — g — (19 + ) 2D (7)) 2

27,

and g—fz < 0. The results follow. If pg > 6 — (19 + Te)_%q)_l(y) then
0* < 119 and the results are reversed because 8* < 0 < g (since ®~1(v) < 0,
we have —®~1(y) > —%). In addiction, the conditions assumed are
sufficient but not necessary. Indeed when the equilibrium is unique they can
be strengthened as follows: there are thresholds iy and fig with fig < fig
such that (a) * increases with 7y if and only if py < fig and (b) 6* increases
with 7 if and only if pg > fig9. Indeed, let 6*(ug) be the unique equilibrium.
We have that fiy is the unique solution in gy to %(9*(/1,9),#9) = 0 or to
0*(g) = po + (179 + Te)_%w and that gig is the unique solution in g to
3—2(9*(%),/;9) =0 or to 0" (up) = pe+ (19 +7’e)*%®_1(7). The solution are
unique since 0*(ug) is decreasing in pg. This means also that fig < fig as
®~1(y) < 0 because v < % Therefore there are thresholds jig and fig with
fip < [19 such that (a) 6* increases with 7y if and only if uy < fig and (b) 6*
increases with 7. if and only if pg > fig.

B.4 Proof Proposition 3

The Proposition 3 presents the comparative static results in the bank credit
market. In sum: there is a critical ¥ € (0, 1) such that when ¥ > ¥ there
is always an equilibrium in which #* = @, while for ¥ < W then 6* > 6
at any equilibrium. If ¥ < ¥ and there is a unique equilibrium then the
comparative static results are those reported in Table 1.

From the proof of Proposition 1 it follows that the critical ratio ¥ satisfies

= @(\;%(Q — o) — mq)_lm)’

(I —=)(re —ra) —v
(I—0)(re+LGD) "

Note that ¥ depends on the parameters of the model and in particular it
decreases in 74, LGD, | and v whereas it increases in [ and .. Finally it is
independent by v and W. The other results follow from the prior Proposition
2 or by direct inspection of the equilibrium condition ¢(f) = 0. Let us just
underline that firstly, each variation of § causes a variation of the same sign

where :

Q:
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of P(0 < 0), whereas each variation of 6 causes a variation of the opposite
sign of the P(0 > 6) and secondly, that s* moves accordingly with 6* and
this is useful to a fast understanding of the third column of the Table 11°.

5 Any variation of s* causes a variation of the same sign of the P(s < s*|0).
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