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Abstract

Evidence shows that banks tend to lend much during booms, and little during recessions.
We propose a simple explanation for this phenomenon and we identify why credit markets
are dysfunctional. We show that, instead of dampening productivity shocks, the banking
sector tends to exacerbate them, leading to excessive fluctuations of credit, output and
asset prices. Our explanation relies on three ingredients that are characteristic of modern
banks’ activities. The first ingredient is moral hazard: banks are supposed to monitor
the small and medium sized enterprises that borrow from them, but they may shirk on
their monitoring activities, unless they are given sufficient informational rents. These rents
limit the amount that investors are ready to lend them, to a multiple of the banks’ own
capital. The second ingredient is the banks’ high exposure to aggregate shocks: banks’
assets have positively correlated returns. Finally the third ingredient is the ease with which
modern banks can reallocate capital between different lines of business. At the competitive
equilibrium, banks offer privately optimal contracts to their investors but these contracts are
not socially optimal: banks’ decisions of reallocating capital react too strongly to aggregate
shocks. This is because banks do not internalize the impact of their decisions on asset
prices. This generates excessive fluctuations of credit, output and asset prices. We examine
the efficacy of several possible policy responses to this dysfunctionality of credit markets,
and show that it can provide a rationale for macroprudential regulation.
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1 Introduction

There is now a large consensus among economists that prudential regulation of banks should
also be envisaged from a systemic, or global perspective, and not only from a microeconomic
point of view. The notion of macroprudential regulation, that was coined at the Bank for Inter-
national Settlements (BIS) in the late 1970s, and repeatedly put forward by Borio (2003, 2010),
has now become a buzzword in banking economics. However, it remains quite imprecise, since
it does not rely on a universally accepted conceptual framework. Even if one restricts attention
to academic publications, the motivations for macroprudential regulation are still broad and

somewhat vague!.

A first strand of the literature, that includes Lorenzoni (2008), Jeanne and Korinek (2011),
Korinek (2009) and Bianchi (2011) builds upon the financial accelerator mechanism identified
by Bernanke and Gertler (1997) and Kiyotaki and Moore (1997). In that framework, firms
and households tend to borrow too much, because they do not internalize the impact of their
borrowing decisions on asset prices, and more specifically on downward spirals that occur
during recessions. When borrowers make losses, they may indeed become credit constrained
and be forced to sell assets, provoking a decrease in asset prices. This in turn reinforces credit
constraints, leading to further asset sales and downward price spirals. This is the well-known
debt-deflation mechanism identified by Fisher (1933) in his study of the Great Depression. The
objective of macroprudential regulation is then to curb excessive borrowing so as to decrease
the frequency and cost of banking crises. Other analyses such as Diamond and Rajan (2010) or
Hansen, Kashyap and Stein (2010) rely on similar mechanisms such as the tendency of banks to
issue too many short term deposits, in order to satisfy the demand of investors for (quasi-)safe

assets.

Another strand of the literature relies on network externalities (see Allen, Babus and Carletti,
2010) or herding behavior of banks (see Acharya, 2009) to explain why banks should be reg-
ulated from a systemic viewpoint and not only on an individual, institution by institution,

basis.

We follow here a different (but complementary) route, focusing on the notion of credit cycles.

Indeed, empirical evidence shows that banks tend to lend much during booms, and little during

!One line of argument suggests that banking regulation should have a macroeconomic component, e.g. by
making bank equity requirements dependent on macroeconomic variables such as GDP growth (Repullo et
al. (2009), Brunnermeier et al. (2009)), indicating that countercyclical bank equity buffers could dampen
output volatility.



recessions. We propose a simple explanation for this phenomenon and show that credit markets
are dysfunctional. We argue that, instead of dampening productivity shocks, the banking sector
tends to exacerbate them, leading to excessive fluctuations of credit, output and asset prices.
Our explanation relies on three simple ingredients that are characteristic of modern banks’

activities.

The first ingredient is moral hazard: banks are supposed to monitor the small and medium
sized enterprises that borrow from them, but they may shirk on their monitoring activities,
unless they are given sufficient informational rents. These rents limit the amount that investors
that are ready to lend them, to a multiple of the banks’ own capital. The second ingredient is
the banks’ high exposure to aggregate shocks: banks’ assets have positively correlated returns.
Finally the third ingredient is the ease with which modern banks can reallocate capital between

different lines of business.

At the competitive equilibrium of the financial sector, banks offer privately optimal contracts
to their investors but these contracts are not socially optimal: banks’ decisions of reallocating
capital react too strongly to aggregate shocks. This is because banks do not internalize the
impact of their decisions on asset prices. This generates excessive fluctuations of credit, output

and asset prices.

We examine the efficacy of several possible policy responses to this dysfunctionality of credit

markets, and show that it can provide a rationale for macroprudential regulation.

The rest of the paper is organized as follows. Section 2 discusses how our approach relates to
previous literature. Section 3 presents our model. Section 4 presents two simple benchmarks
(the frictionless economy and the rigid economy) in which no public intervention is warranted:
in both cases competitive equilibrium leads to an efficient allocation of resources. Section 5
characterizes optimal contracts for financing banks and shows that they imply recourse to short
term financing. Section 6 characterizes the competitive equilibrium. Section 7 shows that this
competitive equilibrium is constrained inefficient and justifies some form of macroprudential

regulation. Section 8 concludes.



2 Relation to the literature
Our work is related to several strands of the literature.

2.1 Sectoral Shocks

The role of sectoral shocks in macroeconomic fluctuations has been an important theme in the
literature over the last three decades (Long and Plosser (1983), Horvath (1998, 2000), Dupor
(1999), Conley and Dupor (2003), Carvalho (2009), Acemoglu et al. (2010) and Shea (2002)).
While this literature centered around whether sectoral shocks would translate into aggregate
shocks, it has also highlighted that sectoral shocks are important in explaining aggregate fluc-
tuations (Horvath (2000)). The triggering event of the recent crisis in the US subprime market
can also be interpreted as a negative sectoral productivity shock as real returns on invested
capital in the housing market declined. This sectoral shock has spilled over to other sectors in

a dramatic way (see e.g. Shleifer and Vishny (2010)).

This literature has also identified the mechanisms by which shocks in one sector spill over
to other sectors and the degree of factor substitutability has turns out to be crucial (Dupor
(1999), Horvath (2000)).2 In our paper shocks to one sector spill over to the rest of the economy

because banks reallocate capital across sectors, as discussed in the next subsection.

2.2 Capital Reallocation and its Limits

An important line of research has documented that the amount of reallocation of existing capital
is considerable. Eisfeldt and Rampini (2006) indicate® that reallocation of existing capital
comprises about one quarter of total investment.* In parallel to the empirical literature several
theories have been offered why reallocation of capital to its most productive use is impeded and

thus may be suboptimal. Apart from physical reallocation costs, informational or contractual

2Another line of research has developed models in which there are strategic complementarities across firms
so that shocks to some firms can induce cascade effects (Jovanovic (1987) and Durlauf (1993)). Gabaix
(2009) shows that idiosyncratic firm-level fluctuations can explain part of aggregate shocks if the firm size
distribution is fat tailed. Acemoglu, Ozdaglar and Tahbaz-Salehi (2010) characterize the conditions under
which small shocks can create cascade effects in supply networks.

3They also establish that the reallocation of productive assets across firms is procyclical while the benefits of
reallocation are countercyclical. They conclude that the cost or frictions involved in reallocating capital are
countercyclical.

“Earlier studies have found similar magnitudes (Ramey and Shapiro (1998), Maksimovic and Phillips (2001)).
Caballero and Hammaur (2005) examine whether reallocation shocks lead to lower aggregate output.



frictions have been studied. Eisfeldt (2004) shows that adverse selection in the market for
existing assets reduces reallocation, in particular in bad times.® Eisfeldt and Rampini (2010)
examine a model in which managers have private information about the productivity of capital
under their control. Reallocation requires paying large bonuses to unproductive managers in
order to reveal the productivity to enable value-increasing reallocation. In particular in bad
times this may be too costly to investors and the investor may forgo reallocation. Another
channel of capital mobility limits has been identified by Azariadis and Kaas (2009) who focus
on limited enforcement of loans when borrowers can default but in such cases are denied access

to future loans.

We focus on capital reallocation across sectors. The extent of capital reallocation in our model
depends on the degree of substitutability, captured through adjustment costs, on the severity
of moral hazard in banks and on the exposure of the banking system to aggregate shocks.
We obtain excessive capital mobility. The intuitive reason is pecuniary externalities that are

detailed in the next subsection.

2.3 Pecuniary Externalities and Financial Fragility

Our paper is part of a growing literature that highlights the role of pecuniary externalities in
generating excessive phenomena in financial markets. Welfare reducing pecuniary externalities
occur when agents facing credit frictions act atomistically and do not internalize market price

reactions which a social planer facing the same credit frictions would take into account.

The main focus of the recent literature has been on overborrowing and insufficient insurance.
In Caballero and Krishnamurthy (2003) and Lorenzoni (2008) entrepreneurs invest too much
because they cannot insure against the risk of future binding constraints. In Korinek (2011),
financially constrained bankers take on insufficient insurance against binding future constraints
as insurance has to be bought from risk-averse households which make it costly. Bianchi (2011)
provides a quantitative assessment of macroeconomic and welfare implications of overborrowing

and allows for the evaluation of the benefits of policy measures to correct these externalities.

Lack of insurance does not play a role in our model. The intuitive reason for the excess volatility
of bank lending is as follows. When investment return prospects for all banks become more
favorable, they buy additional capital. The opposite occurs when negative aggregate events

make selling capital more attractive for all banks. When banks reallocate capital they exert a

5Shleifer and Vishny (1992) examine how expected values of assets impact on the debt capacity of a firm.



negative pecuniary externality on other banks as capital prices decline in downturns and raise
in boom periods. Bankers aim at maximizing the expected scale of banks in order to obtain the
maximal expected rents. When a negative shock occurs, informational rents are particularly
costly for investors. Hence, capital reallocation is comparatively more attractive to motivate
investors to finance a larger expected size of the bank. As a consequence, banks sell capital in
downturns excessively. The opposite — but to a lesser degree — occurs in boom periods. The

associated negative pecuniary externalities on other banks translates into welfare losses.

2.4 Financial Intermediaries and Macroeconomic Shocks

The role of the financial sector and its potentially amplifying impact on business cycle fluctu-
ations has been an enduring theme in economics over the last decades. Bernanke and Gertler
(1989), Kiyotaki and Moore (1997) and others have focused on credit constraints faced by
non-financial borrowers and have provided conceptual foundations for the so called financial
accelerator. The idea is that credit constraints arising from asymmetric information between
borrowers and lenders amplify and increase the persistence of even small and transitory exoge-

nous shocks.

The role of the balance sheet of financial intermediaries in amplifying macroeconomic shocks has
long been recognized in the empirical macroeconomic literature®. The empirical literature has
also stressed that well-capitalized banks can better absorb macroeconomic shocks’. Typically,
the volatility of bank lending is much higher than the volatility of GDP. For instance, Meh
and Moran (2010) report that bank lending growth is over four times as volatile than GDP
growth in the US. Adrian and Shin (2010) find that leverage of investment banks is strongly

procyclical.

Our analysis provides a rationale for why the volatilities of bank lending and capital prices are
excessive and how these volatilities are affected by the characteristics of banks. In particular,
the more severe the moral hazard problem in banking is, the higher is the volatility of bank
lending. Moreover, higher inside bank equity capital ex ante in the economy reduces the

fluctuations of bank financing ex post and smooths macroeconomic shocks. Higher inside

5See e.g. Bernanke and Lown (1991) and Peek and Rosengren (1995).

"Theoretical foundations have been rare in the previous century. In recent years, however, a flourishing liter-
ature has identified the ways in which banks’ balance sheets transmit aggregate shocks. An entire strand
of DSGE modelling frameworks which we cannot summarize in this paper including the banking sector has
been developed to quantify the mutual feedbacks between the financial health of banks and real economic
activity. A canonical framework of how financial intermediation interact with aggregate economic activity
and part of the literature is given in Gertler and Kiyotaki (2011).



equity capital in the economy reduces the willingness of bankers to decrease banks excessively

in downturns to attract financing and thus reduces volatility of bank lending.

3 The Model

We consider a simple three-period economy (¢ = 0, 1,2). Initially there is a single physical good
that can be transformed into capital at ¢ = 0. It can also be consumed at t = 0 and ¢t = 2. The
total amount of physical good that is available in the economy in ¢t = 0 is normalized to 1. The
consumption good at t = 0 is taken as a numeraire. There are three classes of agents: bankers,
entrepreneurs and investors. All agents live for three periods from t = 0 to t = 2. They are
risk-neutral and can consume in ¢ = 0 and ¢ = 2. They do not discount future consumption.

The details of the model are set out in the next subsections.

3.1 Agents

There is a continuum of bankers with measure 1. Each banker is endowed with some amount w
of the good (his “wealth”) which varies across bankers. The aggregate endowment of bankers

in t =0 is denoted by W with 0 < W < 1.

There is a continuum of investors with measure 1. Aggregate endowments of investors are
given by 1 — W as total endowments in the economy are normalized to 1. Finally, there is a

continuum of entrepreneurs with measure 1. They only play a passive role in our model.

Because of risk neutrality, social welfare is simply measured by aggregated expected consump-
tion U = Cy + E(CQ)

3.2 Technologies

The model encompasses two sectors or technologies, denoted by FT (the frictionless technology)
and BT (the banking technology), respectively. Investments in FT and BT entail the formation
of a capital good that can be used for production of the consumption good that becomes

available at t = 2.

BT (the banking technology) is a constant returns technology that is subject to macroeconomic

risk. Specifically, if an amount k is invested by a bank in ¢t = 0, the output in ¢t = 2 is an,



where R is an idiosyncratic return and 7 is a macroeconomic shock with

77{ h  (high) with prob. ¢

Il (low) with prob. 1—gq ’ (1)

whereby ¢ and 1 — ¢ are the probabilities of high and low productivity shocks, respectively,
and [ and h are real numbers that satisfy 0 < [ < 1 < h. We denote by R the expectation of
the idiosyncratic return R, which is i.i.d. across banks. The expected output in ¢ = 2 per unit
of investment in BT is thus mR, where m = qh + (1 — ¢)l. Without loss of generality, m is
normalized to one. The uncertainty about the aggregate shock is resolved in ¢t = 1, where all

the market participants observe n and learn whether it is high or low.

The frictionless technology FT exhibits decreasing marginal returns at the aggregate level.
Specifically, if an amount X is invested in period ¢ = 0 the output in ¢t = 2 is F(X) with
F(0) =0, F/(X) > 0 and F"(X) < 0. F(-) is assumed to fulfill the Inada conditions, i.e.
limy 0 F/(X) = oo and limx_,; F'(X) = 0. These two conditions ensure that some but not
all of the resources are invested in FT in ¢ = 0. Note that the technology shock is sectoral: it
only impacts the sector financed by banks. The analysis could be easily extended to technology

shocks that impact both sectors.

3.3 Entrepreneurs

Entrepreneurs operate the technologies but they only play a passive role in our model. Those
operating the frictionless technology are directly financed by investors. Those operating the
banking technology must be monitored, and therefore have to be financed by banks 8. Because
our focus is on the macroeconomic impact of shocks to the banking sector, we do not model

entrepreneurs explicitly.

3.4 Capital Allocation

In period ¢ = 0 some amount Cy of the good is consumed and the rest is transformed into
capital and allocated between the two technologies: K to the banking sector and X to the
frictionless technology. The aggregate resource constraint amounts to Cy + K + X = 1. Upon
observing macroeconomic events in t = 1 the scale of investments in BT and FT can be adjusted

by reallocating capital between the two sectors. We denote by p, the (interim) rate of return

8The costs of monitoring are set to zero.



on capital when the macroeconomic shock is 1. It corresponds to the price to be paid at t = 2

in exchange for 1 unit of capital used at date 1 in state 7.

As of date 0, the (ex-ante) rate of return on capital is E[p,] = 14 r. > 0 can be interpreted
as the interest rate. Note that, given risk neutral preferences with no discounting, either r or

Cp must be zero.

Capital is traded against claims on future consumption at ¢ = 2. There are no defaults nor
contract enforcement problems. In period ¢ = 2 no further trade takes place. The consumption
good at t = 0 is taken as a numéraire. We assume that financial markets are complete and
frictionless. Given risk neutral preferences, the contingent price paid at ¢t = 0 against delivery
of the good at t = 2 in state h (resp. [) is simply equal to the discounted probability 17—(1H~ (resp.

1—¢

1+r
interest rate is necessarily zero.

) of this state, where r > 0 is the interest state. In all interior allocations (0 < Cp < 1) the

At the interim period t = 1 capital goods are sold or bought by bankers and entrepreneurs.
We assume that investments in F'T are observable. Hence, claims on investment returns in FT
can be used as a means of payment in the market for capital goods in ¢ = 1. The rate of return
py thus represents the amount of consumption good at ¢t = 2 that is exchanged for one unit of

capital at t = 1 in state 7.

3.5 Banks

Each banker faces the following sequence of decisions and events.

= —t— —t— s
Banlker has Banker Macroeconomic Bank adjusts  Moral hazard: Outcome: Payment
endowment mvests shock # occurs its size by a Banker exerts Rsnkq it tg banker:
w and borrows Fin BT and is publicly fraction a,. effort success bk
F-w from (size of  observed Bank size (successful and # hag Investors
mvestors the bank) becomes outcome 0=5 occurred.  get the rest
according to by =(1+aq)k  with probability
the contract T, no private Rfpieq if
Clk ay by') Capital is benefit) Nn0-sUCCess

sold or or shirks and # has
bought at (success with occurred.
price p, prob:T-A, private

benefit B &)



Figure 1

We denote by k, = (1 + ay)k the capital invested by the typical bank after the adjustment
decision, where o, depends on the macroeconomic shock 7. A value a;,, > 0 characterizes
additional investment in BT and a, < 0 expresses disinvestments. Capital can be bought
or sold for a promised repayment p,. Moreover, investment adjustments involve additional
costs %a%k‘ where c is a positive constant that measures the relative ease of reallocating capital
across sectors. Adjustment costs are incurred at ¢ = 2, and are deducted from gross returns on

investment.

The banker’s investments are subject to moral hazard (see Holmstrom and Tirole (1997)). The
project outcome is either a success (o = ) or a failure (0 = F'), and therefore the idiosyncratic
return R is either R or RF. If the banker exerts effort, or equivalently, if he chooses a project
with high probability of success, he has no private benefit and o = .S occurs with probability
7. If the banker shirks or equivalently chooses a project with lower prospects of success, he
receives a private benefit Bk, > 0 and o = S occurs with probability 7 — A. B is measured in
terms of the consumption good. The banker receives a payment by k, when the macroeconomic
shock 7 and the project outcome o have occured. The timeline of investment and returns is

summarized in the above diagram.

0=S: k[(1+ay)hRS - (c/2)ail]

7(-4)
I+a,
1 I-7(+4) 0=F: k[(1+a,)hR- (c/2)os?]
k
t (-4) 0=S: k[(1+o)IR" - (c/2)a}]
I-q I+a,
I-7(+4) 0=F: k[(1+a)IRF - (c/2)aj]

Figure 2



The above picture represents the random structure of returns. The capital adjustment and
reallocation decisions are made by each banker after the realization of the macro shock. The
probability of success is 7 when the banker exerts effort, and only 7 — A when the banker
shirks. The term in brackets represents the impact of shirking on the probabilities of success

and failure.
In this risk neutral economy, social welfare is measured by aggregate expected consumption:
U=Co+E[Cy) =1—K — X + KE[(1+ oy )nR — gai] +E[F(X — ayK)]
This aggregate consumption is shared across agents according to the following aggregate
rules:
e Investors get (1 +7)(1 — W), where r is the interest rate.
e Bankers get KE[b) (1 + ay)].

e Entrepreneurs get E[F'(X — o, K) — py(X — o, K)], where p, = F'(X — o, K) is the rate

of return on capital in state 7.

At equilibrium, the sum of these three terms coincides with U. This is because the expected

rate of return on capital in the banking sector is equal to 1 4 r, i.e.:
(L+7)(K = W) = KE[(1+ ay)(nR — b)) — S0 — pyer)-
Therefore ?
U = (1+7)Co+E[Co] = (1+47)(1-K = X)+(147)(K=W)+KE[b (1+ay) +pyoy| +E[F (X —ay K),
and after simplification,

U=1+7r)(1-W)+ KE[by(1+ ay)] +E[F(X — ayK) — pp(X — oK),

where we have used the fact that E[p,] = 14r. This decomposition will reveal useful for policy

discussions.

9Recall that rCo =0 (either r = 0 or Cp = 0) by the complementarity slackness condition.
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4 Two Simple Benchmarks

This section examines two cases where public intervention is not justified: the frictionless

economy (no moral hazard) and the rigid economy (no capital reallocations).

4.1 The Frictionless Economy

In the absence of moral hazard, the competitive equilibrium of this economy leads to a first
best social optimum. To see this, note first that the rate of return on capital in state n must

be equal to the marginal return of investment in both technologies:
py=F' (X — Kay) = nR — cay,. (2)

Moreover, the investment decisions at date 0 are determined by the equality of expected returns

on capital in these two technologies:

E[p,] = ElnR(1 + ) — Sa2 — aypy).
Combining these two properties, we see that
EfR — cay] = ER(L + ay) — S0} — ay(nR - cay),
which leads, after simplification, to a fundamental relation between ap and «;, namely:
Ela} + 2a,] = 0. (3)

This condition will play an important role in the sequel, as it is also satisfied in the competitive
equilibrium of the economy with moral hazard and capital reallocations. It characterizes a

decreasing curve in the (ay, o) plane, limited by two extreme points:

o (—1, ﬁ — 1), which corresponds to the complete liquidation of banking assets in the bad

state, and
e (0,0), which corresponds to a complete absence of adjustment at date 1.

It is easy to see that this curve can be parameterized by the standard deviation of credit growth

0. Indeed condition (3) is equivalent to:

o’ +a’+2a=0,

11



with & := E[ay,]. This implies that @ = V1 — 0% — 1 and

an =V1-02—1+0,/24
a =V1-02-1-0,/7%

‘-Q»Q

q

To determine the first best allocation, we need a second condition, that is given by the equality
of supply and demand for capital in the banking sector. It is natural to focus on the case where

the banking technology is profitable even when they are no capital reallocations, namely:

Assumption 1

R>1.

Under assumption 1 , the first best allocation involves no consumption at t = 0 (Cyp = 0, and
K+ X =1) and a positive interest rate r, that can be deduced from condition (2), transformed
by using the fact that X =1 — K:

F'1 = K(1+ ay)] = nR — cay,. (4)
Let us define the supply of capital to the banking sector as the function S(p) such that

F'[1 = S(p)] = p.

S(.) is an increasing function such that S(0) = 0 and S(co) = 1. Condition (4) just means
that:
K(1+ay) = S(nR — cay),

which gives the second condition that we need to characterize the first best allocation:

S(hR —cap)  S(IR — coy)
14+ ap N 14+ o ’

(5)

Proposition 1
In the frictionless economy there is a unique competitive equilibrium characterized by conditions

(3) and (5) . This competitive equilibrium is Pareto optimal.

4.2 The Rigid Economy

As a second benchmark, let us consider the case where capital adjustments are impossible
(¢ = 00) but moral hazard is present. We will show that, in this case also, the competitive

allocation cannot be Pareto improved and that public intervention is not needed.

12



In fact, macroeconomic shocks do not play any role in this rigid economy. Since agents are all
risk neutral and no adjustments can be made at ¢ = 1, the macroeconomic shock has no impact
on utilities. The rigid economy is thus a simple extension of the static model of Holmstrom
and Tirole (1997). We assume that investment in BT is socially beneficial only if the banker

exerts effort:

Assumption 2

R+B-AR-RN <1

Note that Assumptions 1 and 2 taken together imply that RS — R > g. Effort is exerted if
and only if payments to the banker satisfy
A(bY — b))k > kB

S F
or bn —b77 >

(6)

>

Since the banker is protected by limited liability (b° > 0),0 = S, F, it is easy to see the optimal
contract (the one that minimizes informational rents) is such that bg = g, an =0 forn € {h,l}.
Under Assumption 2, the optimal contract between investors and the banker consists of paying
him a bonus %k (proportional to the size k of the bank) in case of success, and nothing in
case of failure. The optimal size of the bank is the maximum k that satisfies the break-even

constraint of investors:

(k —w)(1+7) < k(R —b),

where b = % represents the expected payment to the banker per unit of asset. This condition

is equivalent to a (market imposed) capital ratio©.

w
E Z pO(r)a
R=b i5 an increasing function of =
1+7r g :

where the capital ratio po(r) =1 —

Note that this contract can be implemented by a simple capital structure whereby the bank
issues riskless deposits for a nominal amount D = kRF (corresponding to the minimum liquida-

tion value of the bank’s assets) and (outside) equity that pays out a dividend k[nR> — RF' — Z]

00ur banks are financed by sophisticated investors, not by uninformed retail depositors. Thus there is no need
for micro-prudential regulation.

13



in case of success. The banker’s payment % (only paid in case of success) is equivalent to giving
the banker some (inside) equity. Therefore total dividend payments amount to k[nR> — R¥] of

& ) is given to the banker as inside equity. Assumption 2 implies

which a fraction 8 = AWMRS—RF)

that 0 < 1.

The equilibrium interest rate is then given by the equality of supply and demand for banking
capital:
w
K= =S(1+r). (7
o) ) )
When W is small (specifically W < W* = S(1)po(0)) this equilibrium interest rate is zero and

Co > 0. When W is large (specifically W > W** = %S (R)) the moral hazard constraint ceases

to bind and social welfare is maximal:

U = E(Cy) = m)z(mx{F(X) + (1 - X)R}
where K =1 — X = S(R).
Note that, when W < W** social welfare could be increased by transferring wealth ex-ante
from investors to bankers. We will systematically rule out such transfers because they would
require giving taxation powers to banking supervisors, which would face strong political oppo-
sition. Instead we will focus on traditional regulatory instruments such as capital or liquidity

ratios that do not involve payment flows between supervisors and banks.

Proposition 2

Assume R < 1+b. Then the rigid economy has a unique equilibrium, characterized as follows:

o When W < W* = S(1)po(0) : K = 35, X =1—5(1) = Co, Co >0 and r =0.

o When W* <W < W = LS(R): K=-Y5=S(1+r), Co=0.

o When W > 2S(R): K=S(R)=1-X, Cy

As final comments to this section, note that:

e There is no need for maturity transformation: bankers find it optimal to choose the

maturity of their debt to be equal to the maturity of their assets (¢ = 2),

e Any regulatory intervention on the size of banks would be socially wasteful: reducing
the size of banks would decrease social surplus, while forcing them to lend more would

generate shirking.

14



5 Privately Optimal Contracts
5.1 The Contractual Problem

In the economy with capital adjustments, contracts between each banker and its financiers
have to specify aj and ;. The optimal payments to the banker follow the same logic as in the
rigid economy, with the only difference that they will in general depend on the macro shock
1. Assuming for instance that private benefits per unit of assets (obtained by the banker who
shirks) are still B (independently of 1), the optimal payments to the banker are gkzn in case of
success (and zero in case of failure). This means that the expectation of the rent that investors
have to give to the banker is bEL, = bkE(1 + o)), where b = %. Thus the optimal banking
contract solves

max bkE(1 + o))

subject to the investor’s participation constraint:

(k= w)(L+7) > KE[(1 + ) (nR — b) = Sa = pyay)

and the banker’s participation constraint:
bEE[1 + o)) > w(1 + 7).

We will focus on cases where bank capital is scarce (W is small) and thus the second constraint
does not bind and Cy > 0 which implies r = 0. Note that, by absence of arbitrage opportunities,

we must have

E[pn] =1.
5.2 Solution

The following Proposition characterizes the solution of the contractual problem.

Proposition 3
Given a vector p = (pn, p;) of capital prices and banker’s initial wealth w, the optimal banking

contract is characterized by

k(p,w) := ) where (8)
p(p) = 1~ E[(1 + ay(p)) (R — b) = 503(p) — pycry(p)] (9)
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and (ap(p), q(p)) maximize

bE[1 + )]
1-E[(1+ay)(nR —b) — sap — Dyo]

(10)

Proposition 3 follows directly by the participation constraint of the investor and solving for
k. The solution of the maximization problem will be given in the next section. We note that
adjustment decisions (a(p), a;(p)) are independent of the scale of banks. Moreover, the size
k of the bank is proportional to the banker’s wealth w, a property that will make aggregation

easy.

Proposition 3 implies that there is a “market-imposed” capital ratio for banks:

% > p(p).

This equity ratio is a function of the capital prices p; and p;.

5.3 Implementation of the Optimal Contract

We now show that the optimal banking contract can be implemented by a certain capital
structure, involving a combination of short term debt, long term debt and some insurance
against aggregate shocks.

The role of short term debt is to “discipline” bankers, in the spirit of Jensen (1983) and Diamond
and Rajan (2000). Since their bonus is proportional to the size of their bank, bankers would
not spontaneously reduce this size by the factor o; < 0 in the state [. To force them to do
S0, investors can impose a debt repayment of nominal amount equal to the net proceeds of
liquidation in this state:

Dgr = —kagp; > 0.

Of course, this short term debt increases the needs for funds in the good state h. In that state

the bank must then be allowed to issue new debt for the amount:
AD = Dgp + kappy,.

This particular debt structure is needed to force the bankers to implement the reallocation
decisions (o, o) that are optimal for investors. There is some degree of freedom for the rest

of the implementation since the Modigliani-Miller logic applies to the total payments that
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investors must receive!! at date 2. When state 1 has occurred, these payments are:

B
Pﬁg = k(1 + ay)[nRE — Z] - ga%k in case of success, and
Pf = k(1+ an)nRF — ga%k in case of failure,
while the banker receives
S _ B . f
by = k(1+ an)Z in case of success, and
bf; =0 in case of failure.

A natural choice of securities that implements these payments is a combination of debt and
equity such that dividends are paid only in case of success. Total debt repayment is then,
Pf , while dividends 6, = Pﬁg — P,f are paid in case of success. The banker receives a bonus
k(1 + 0@”% in case of success and nothing in case of failure. Note that the total repayment
to initial debtholders is not the same in the two states. In state [, this total repayment is
PF' = k(1 + oy)IRY. However if state h occurs, new debt AD is issued at date 1 and the
borrowing capacity of the bank increases, so that total repayment to initial debtholders at date

2 in case of failure becomes:
P,f —AD =k [(1 + ah)hRF — appp — g(ah)2 + agpy| .

In general, this amount is higher than PZF . Thus, some insurance against macro shocks must
be included in the package of securities that implements the optimal banking contract. One
example of such an insurance mechanism is a convertible bond of nominal CV = (P,f —AD)—
PlF . If state [ occurs, this bond is converted into equity, so that total repayment to debtholders

is reduced to P!, which corresponds to the volume of long term debt issued at ¢t = 0.
To wrap up, the competitive contract can be implemented as follows:

e at date 0, the bank issues equity for an amount FE, short term debt for an amount Dgr,

long term debt for an amount Dy and convertible bonds for an amount C'V.

e if state | occurs, the bank liquidates at date 1 a fraction |oy| of its assets, and uses the

net proceeds to repay its short term debt:

Dgr = —kagp; > 0.

1 The contract only specifies the payments to the bankers. The payments to investors can be split arbitrarily
between different types of securities.
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Each convertible bond is converted into y shares. At date 2, long term debt Dy =
k(1 4+ og)lRF — %(al)zk is repaid and in case of success, a total amount of dividends
k[1+ o) [I(R® — RF) — 8] is paid to initial shareholders, and new shareholders (who

initially held convertible debt). In case of success, the banker receives k(1 + al)g.

e if state h occurs, the bank issues new debt for an amount AD = Dgr+kaypy,. It increases

its size by a factor «y,. At date 2, total payment to debt holders is
PF =Dyp+AD+CN = k(1 + a)hRF — %(ah)Qk
where

Cc C
O =k [(L+ an)hR" = (1+ a)lR" — anpn = 5 (an)? + aupr + 3 (e)?]

is the nominal of the convertible bond.
Finally, if the bank succeeds, the banker receives a bonus k(1 + ah)g and shareholders

receive dividends k [1 + ay] [R(R® — RF) — g].

6 Competitive Equilibrium
6.1 Definition

In this section we characterize the competitive equilibrium of the economy. For this purpose
we recall that we have denoted by Cj the aggregate consumption at t = 0, by K the aggregate
amount of capital invested in £ = 0 in BT and by X the aggregate amount invested in FT
in t = 0. Henceforth, the variables ay,a; and k always correspond to the privately optimal

values, given by Proposition 3.

Definition 1
A competitive equilibrium the economy with moral hazard and capital reallocation is an array
Y= {C()vK) X, Oéh,az,ph,pl} such that:

(i) Each banker with wealth w obtains k — w with
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Aggregate investments in BT int = 0 are
w

K= p(p)

(ii) Investments in BT are adjusted int =1 by ap(p), a;(p) defined in Proposition 3.

(iii) The rate of return on capital at t = 1 in state n is p, = F'(X — a,(p)K), ne{h,l}

(iv) Elpy] =qpn+ (1 —q)pr =1+ 1.

(v) K+ X+ Cp=1.

(vi) Co >0, K>0, X >0.

(vii) 7Cy = 0.
Thus at date 0, K is invested in the banking technology, X in the frictionless technology and
Co =1— K — X is consumed. At date 1, the aggregate shock 7 is revealed, and investments are
adjusted to K, = K(1+ o)) and X,, = X — o, K. The rate of return on capital is determined
by its marginal productivity in the frictionless technology. We will focus on interior solutions,

in which Cy > 0 and the expected rate of return on capital in equilibrium is equal to 1 (i.e.
r=0).

Finally, at date 2, the average return on bank assets is nR, while the FT sector produces F (Xp)-
Aggregate output in state 7 is thus:

Y, = nRK, + F(X,) - gagK. (11)

6.2 Existence and Uniqueness

To obtain a handy characterization of the competitive equilibrium (and an existence theorem)
let us reformulate Proposition 3. Because BT has constant returns to scale, the optimal contract

can be characterized at the aggregate level. That is, (K, ay, ) is the solution of
max KbE[1 + ay)] (12)
subject to

— C
KE[(1+ ay)(nR —b) — ia% — ppay] = K — W.
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Denoting by £ the associated Lagrangian, and by v the multiplier, we can characterize this

solution by the first order conditions:

oL — c
9K bE[1 + ay] + VE[(1 + ap)(nR — b) — 5%27 — ppay] —v =0 (13)
oL —
P = KPr(n)b+v(nR—0b—ca, —py)] =0, (14)
U

where Pr(n) denotes the probability that 1 occurs, which is ¢ for n = h and 1 — g for n = 1.

From the second condition we derive:

— b
pn:nR—b—can—i—;. (15)

Plugging this expression into the first condition yields:

b — — b
1—2(1+@) = E[(R — b)(1 + ;) — 50 — ay(nR — b — cay, + )] (16)
with @ = E[a,)]. After simplifications we obtain:
L, . oY) (17)
v " 9 1%l
and thus'?
— c
pp=Mm—-1)R+1—cay— iE[ai] (18)
Now the participation constraint of investors gives
b
K—W:K[l—;(1+a)], (19)
or
w _ — C . 9
%= 1+a)1—-R+b— 51[*3[0[,7]] (20)
Now the first equilibrium condition gives:
Elp,] = 1. (21)
Using the expression of p, obtained above we get
— c
1=E[n—1)R+1—coy — iE[a%H, and thus (22)

12The last condition also implies v > 1.
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(23)

As above, it is convenient to parameterize the equilibrium by the variance of a;, namely
0% = q(1—q)(a,—ay)?. The above condition implies that 2a+a?+02 = 0. Thus@ = v1 — 02—1

and thus:

Q

ap=vV1—-02—1+4c0c
y=vV1i-02-1-0,/7

—q
The rates of return on capital can be expressed as
ph=(h—1)R+1-co 17‘1
=(l—-1)R+1+co =

a;

The final equilibrium conditions are:

pn:F/(X_aﬁK)a n:h7l7

where K is such that

==

Elimination of X between these conditions gives:

(an — ) K = S(pn) — S(p1),
where S(.) is the supply function of bank capital defined above.

This provides the last condition on o:

1 Wao
Vil =) V1=l —R+b+eV1—02 —

= S<(h—1)R+1—ca\/7> S<(l—1)R+1+co T

21
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(24)

(25)

(26)
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or alternatively

W:\/q(l—q) ((712—1> [1—?+b+eﬂ—c}-

-{S((hl)R+lca H)S((ll)}_{+1+ca 1‘1)} (30)

q —q
The righthand side of this equation is a function of o that we denote H (o). It is the product
of three decreasing functions of o, which are positive on (0,1). Therefore H is decreasing on

(0,1). Moreover H(0) = 400 and H (1) = 0. This guarantees the existence of a unique solution
o to the equation H (o) = W. Thus we have established:

Proposition 4

There is a unique competitive equilibrium that can be parameterized by the variance of the

credit growth: 0% = q(1 — q)(ap — )%

e o is the unique solution of H(c) = W.
e of =V1-02F 1
e pf =(h—1)R+1-co? /20 pf=(-1)R+1+co” /1L

o %:\/1—02E[1—§+b+0\/1—02E—C]

Proposition 4 and the properties of equation (30), yield immediately the following Corollary.

Corollary 1
When W, the capital of the banking industry increases:

e The standard deviation o of bank credit growth decreases and its mean oF increases.

° pf increases and pF decreases (capital prices vary more)

W

* F increases.

Another immediate consequence of equation (30) and Proposition 4 is,

Corollary 2

An increase of the severity of moral hazard in banking, i.e. an increase of b,

E

e increases o and lowers a¥
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e decreases oy and increases ay, if o is not very large

e decreases pf and increases pF .

7 Social Efficiency and Regulation

In this section we explore the scope for regulation.

Given that all agents are risk neutral, social efficiency is simply measured by expected aggregate

consumption (remember that we focus on the case where r = 0):

U = KE[nR(1+ ay) — gag — 1]+ E[F(X —apK)] — X +1 (31)

7.1 The Competitive Allocation is Inefficient

We first show that capital reallocation at the competitive equilibrium is inefficient. In particu-
lar, we show in the next proposition that, starting from the competitive equilibrium (character-
ized in Proposition 4), it is possible to increase the expected social surplus U by increasing oy,
i.e.”forcing” banks to invest more during recessions. As we explain later, a similar improvement
of social welfare can also be obtained by decreasing «y, i.e. restricting bank lending during

booms.

Proposition 5
Starting from the equilibrium allocation (KE,XE,af,aF) it is possible to increase alE by
Aq; > 0 in such a way that, after investors revise their positions, and capital prices adjust,

social welfare is increased.

The proof of Proposition 5 is given in the appendix.

To obtain the intuition behind this result, let us focus on the case where ¢ = 0, i.e. when capital
reallocation is costless'®. In this limit case, the initial lending decision k becomes irrelevant:
the only decision variables that matter are k,, = (1+ «ay)k,n = h,l. The competitive prices are
then obtained by taking ¢ = 0 in equation (18): p, = (n — 1)R + 1. If the regulator imposes
a higher k;, bankers will offer a new contract to investors, in such a way that investors’ break

even condition remains binding, taking into account the changes in capital prices. This contract

13A detailed examination of this case is contained in Appendix B.
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will involve a decrease in k. Consumption at date 0 will also adjust to maintain the expected
rate of return on capital equal to one. By taking into account the equilibrium value of capital
prices, it is easy to see that the resulting change in social welfare U will be proportional to
E[AK,]:

AU = EnRAK, — p,(ACy + AK,)| + ACy = (R — 1)E[AK,)]. (32)

As established in Appendix B, the reduction in kj; will be more than compensated (in expec-

tation) by the increase in kj, resulting in an overall increase in social surplus.

7.2 Macroprudential Regulation

Now the question is: how to force banks to lend more (or rather to reduce lending by a
lesser amount) in case of a recession? The answer is a corollary of the implementation of
the optimal contract that we proposed in Section 5.3: when investors cannot directly control
banks’ investments decisions, they have to rely on short term debt as a way to force bankers
to downsize in the bad state. Since social surplus is improved by increasing «;, imposing a
regulatory lower bound on short term debt (i.e. a liquidity ratio in the spirit of the Net Stable
Funding ratio of Basel 3) would do the job.

An alternative, indirect, way for the regulator to increase social welfare would be to impose
a binding capital requirement in state h, i.e. contingent a boom. It is easy to see that it
would lead to the same effects than the restriction on short term finance discussed above. Note
that in our model there is no need for microprudential regulation, since banks are financed
by sophisticated investors who can impose a limit to bank leverage. If we introduced as well
retail deposits, and thus a rationale for micro-prudential regulation, Proposition 4 could be
viewed as establishing the need for a macroprudential regulation in the form of an additional
capital requirements only enforced in case of a boom. This is again in the spirit of the Basel 3

proposals.
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8 Conclusion

Banks play a dual role in allocating capital in the economy. They lend and reallocate capital
across sectors if new information about the productivity of capital arrives. Our main insight
is that banks reallocate capital excessively. As a consequence, fluctuations of credit, output
and asset prices are excessive. This justifies macroprudential regulation. Numerous further

empirical implications and extensions could be pursued. We provide several examples.

Implications

First, our paper provides an explanation why the volatility of assets is higher than the volatility
of sectoral productivity shocks would suggest. Moreover, our results suggest that, for a given
macroeconomic environment, the volatility of assets in the frictionless sector is inversely related
to the level of inside equity in the banking sector. Second, one of our results states that investors
will force banks to strongly downsize when negative shocks occur. Hence, our model implies
that banks with much insurance against macroeconomic shocks have even more short-term

debt on their balance sheets to ensure that the same amount of downsizing takes place.

FExtensions

The model and its mechanism could be embedded in a dynamic macroeconomic model in which
payments to bankers constitute the inside equity for the next period. Some bankers may retire,
but the others will try to obtain new funding from investors who ponder about reinvesting part
of their wealth. Such an extension would create an intertemporal linkage and volatility cycles
of bank credit. The intuitive reason is as follows. Suppose that in a particular period a negative
macroeconomic shock causes excessive downsizing and thus excessively low returns on inside
equity. As a consequence (see Corollary 2), with low levels of inside equity in the next period,
the volatility of bank credit increases further and downsizing upon negative macroeconomic
shocks becomes even more pronounced. Proceeding with this kind of logic suggests the existence
of volatility cycles of bank lending. In such circumstances, macroprudential regulation in a
particular period does not only avoid excessive volatility of bank lending in this period, but it
also reduces the volatility in future periods. A thorough investigation of these intertemporal

linkages is left to future research.
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Appendix A

Proof of Proposition 5:

Changing ozlE impacts the bankers’ choice of af , the prices of capital p, and the investment X
at date 0 in the frictionless technology. This is because in interior solutions (Cp > 0, K > 0,
X > 0) competition for funds in ¢ = 0 imposes that the expected returns on investment in FT

and BT are equal to 1:

Elp,] =1 and (33)
— c 4 . w
E[(1 + ap)(nR —b) — 2%~ Ppom] =1 - K (34)
Now:
py = F'(X — ayK) = E[Ap,] = E[F"(X — 0, K)(AX — KAa,)] =0 (35)
Thus Y \Aa,|
E[F"(X — a, K)A«
AX =K 1 1 36
E[F(X — a,K)] (3)
Totally differentiating condition (35), we get:
E[(nR — b — cayy, — py) Ay, — ayApy] = 0, (37)
where Y \Aa,|
ElF' (X — a,K)A«
Ap, = KF"(X — ayK u L — Aay| .
Pn ( Qy ) ]E[F//(X . OZnK)] O (38)
Using the equilibrium conditions, we see that
nﬁ—b—caE—pE=—9<O (39)
n n= :
Thus the previous condition simplifies to:
b
;E[Aan] = _E[OJEAPU}- (40)
The impact of social welfare is
AU = KE[{nR — ca, — F'(X — o, K)}Ac,)] + E[F'(X — o, K) — 1]AX. (41)

The last term is equal to zero, while the first term can be simplified by inserting the equilibrium

26



values of ay:

v

AU = Kb <1 _ 1) E[Aay] = (1 - »)KE[aZ Ap,) (42)

Since v > 1, we just have to check that E[o) Ap,] < 0. Now recall that Aa; > 0.

Step 1:
We first show that Ap; > 0.

Suppose to the contrary that Ap; < 0. This would imply that
AX — KAq; >0

and thus
AX > KAo; >0

Since Apy, > 0, as E[Ap,] =0, and thus AX — KAay, < 0, Aoy, has to be positive.

Hence we obtain E[Acw,] > 0 and E[agApn] = gafApp, + (1 — ¢)aFPAp;, > 0 which is a

contradiction to the condition (40).

We conclude that Ap; > 0.
Step 2:
From Ap; > 0 and thus Apy, < 0 we obtain
E[af Apy] <0

and thus the proposition follows.
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Appendix C - List of Notation

Symbol Meaning

FT Frictionless technology that exhibits decreasing marginal returns
BT Banking technology that is fully subject to macroeconomic risk
w Wealth of an individual banker that varies across bankers between 0 and w
W The aggregate wealth of bankers in ¢t =0
n Macroeconomic shock with n = h (high) with probability ¢ and
17 =1 (low) with probability 1 — ¢
K The aggregate amount of investment in BT
m The expected output in ¢ = 2 per unit of investment in BT
A The degree to which the macroeconomic shock 7 affects all sectors
F(X) Output in ¢t = 2, if an amount X was invested in FT in ¢t =0
and 7 is a pure sectoral shock to BT (A = 1)
Dy The price of one unit of capital invested in FT in ¢t =1
oy, The adjustment to the investment BT in ¢t = 1. ;) > 0 means
additional investment in BT and a; < 0 denotes disinvestment
c(a) Adjustment cost for reallocating capital across sectors
s,G, F s denotes the project outcome with s = G indicating a
good outcome and s = F' indicating a bad outcome
T The probability with which s = G occurs if the banker exerts effort
T—A The probability with which s = G occurs if the banker shirks
k The investment in BT per banker
by, Payment to the banker in ¢ = 2 per unit of investment in BT (s = G, F) if n occurs

C(k, oy, by )The financial contract between a banker and investor

B Private benefits per unit of investment in BT obtained by the banker by shirking
R? The project outcome per unit of investment in BT is given by R°n (s = G, F)

Py The payment to investors in t = 2, with s = G, F

R Expected R® if banker exerts effort with R = 7R® 4 (1 — 7)RF

by, Expected b5 if banker exerts effort with b, = TbnG +(1- T)bg

P, Expected P if banker exerts effort with P, = TP,]G +(1- 7-)P7§m
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