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Abstract

Financial institutions, especially large banks, have reached beyond their traditional activities in recent
years and have become more homogeneous as a result. Even though this brings about diversification gains,
we show that their stability may fall as consequence since institutions’ incentives for taking on risk and
supplying liquidity deteriorate. Optimal regulation should hence not provide a relief for diversification.
However, we also identify an important benefit of this development. When financial institutions become
more homogeneous, there is less need for risk sharing among them. This in turn mitigates the impact of any
imperfections such risk sharing may be subject to.
© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

The transformation of the financial sector has made financial institutions more homogeneous.
Mergers and acquisitions, for instance, have led to consolidation. This has changed institutions
that were previously focused on a specific region or industry into global institutions that face like
risks. Deregulation has allowed institutions to extend beyond their traditional boundaries and
combine banking, investment and insurance activities in one organization. These conglomerates
carry out a wide range of activities, rather than being specialized into a single line of business.
Moreover, financial innovation has made it possible to transfer a variety of risks within the finan-
cial system. As a result, financial institutions could reduce their exposures to concentrated risks,
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lowering the idiosyncrasies in their portfolios. Especially for large banks these effects have been
substantial. This can be witnessed from the correlation in their share prices, which has risen from
28% to 54% between 1995 and 2000 alone (Group of Ten, 2001).!

An increased homogeneity of financial institutions should be welcomed in that it may reflect
underlying diversification of risks.> The implications of this development, however, are likely to
go far beyond diversification. For example, while in the past an insurance company could rely on
banks to provide liquidity when the insurance sector faced difficulties, following conglomeration
banks may become unable to lend as they are now exposed to the same risk. Thus, when institu-
tions become more homogeneous, their ability to share risks changes. Moreover, homogenization
may cause institutions to reoptimize their portfolios, leading for instance to an adjustment in their
liquidity holdings. This may be, for example, because underlying diversification has made them
safer, allowing them to hold less liquidity.

The homogenization of the financial system thus raises various important questions for fi-
nancial regulation. Is this a process which should be encouraged? How should regulatory in-
struments, such as capital requirements, be used in a financial system which becomes more
homogeneous? Should regulators treat institutions more leniently when they diversify their ac-
tivities, and, therefore, may become more similar to each other?

This paper aims at understanding some of the questions that emerge from the homogenization
of financial institutions, and the challenges it poses for financial regulation. We present a model
where financial institutions have uncertain liquidity demands from projects. Uncertainty is both
aggregate and institution-specific. Financial crises arise when there is an aggregate shortage of
liquidity, that is when the combined liquidity needs of all projects financed at financial insti-
tutions exceed the total liquidity in the financial system. In such a shortage, obviously not all
projects can be continued. Moreover, because liquidity demands are idiosyncratic there are also
institutions with a surplus of liquidity that could be lend to other institutions. Since the market for
liquidity only works imperfectly in a crisis,? this surplus liquidity cannot be efficiently allocated.
Risk sharing among institutions is thus incomplete. As a result, some projects cannot be contin-
ued at their originating institutions even though aggregate liquidity would in principal allow for
it. These projects then have be continued at institutions with a liquidity surplus. However, this
causes an efficiency loss because originating institutions can make better use of their projects.

We model the homogenization process as institutions investing into each others’ types of
projects. This may be thought of as a European bank taking over an American bank (and thus in-
vesting in “American projects’”) or a bank starting an insurance arm (thus investing in “insurance
projects”).* Homogenization hence reduces the idiosyncrasies in institutions’ liquidity needs and
makes them individually less risky. However, from an aggregate point of view, it only reallocates
risks in the financial sector and the consolidated balance sheet of the financial system remains

1 The homogeneity of smaller banks and non-bank financial institutions is likely to have changed at a slower pace since
they have been less affected by the transformation of the financial system.

2 While conglomeration leads to functional diversification, consolidation through mergers and acquisitions fosters in
particular geographical diversification. Most obviously, financial innovation facilitates diversification by make more risks
tradeable.

3 In our baseline model this is because interinstitutional lending breaks down whenever there is an aggregate liquidity
shortage.

4 While we consider homogenization of activities, there can also be homogenization in behavior because institutions
adopt similar risk management techniques or become subject to uniform regulation (e.g., Persaud, 2000).
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the same. Since crises are caused by aggregate shortages of liquidity, they do not become less
likely.

Even though homogenization thus has no direct stabilizing effect,’ it nevertheless brings about
benefits. This is because, by lowering institutions’ exposure to idiosyncratic risk, it makes their
liquidity needs more similar. This implies that less liquidity has to be redistributed in a crisis. As
a result, the amount of projects that have be inefficiently discontinued at originating institutions
falls.

However, there is also a downside. In our model a financial institution holds a socially ineffi-
cient combination of projects and liquidity: it invests too much in (risky) projects and too little in
liquidity. The reason for this is that it does not take into account that more risk and less liquidity
at its institution increase the chance of inefficient project discontinuations at other institutions
since both make aggregate liquidity shortages more likely. Homogenization worsens the ineffi-
ciency in an institution’s risk-liquidity choice. Since it reduces the amount of projects that it may
have to discontinue in a crises, it increases the institution’s gain from investing in projects. Thus,
following homogenization institutions start to invest more in risky projects, at the cost of holding
liquidity. Liquidity shortages become more likely as a result, and the probability of a crisis rises
unambiguously. We show that the costs from more risky and less liquid financial institutions may
outweigh the benefits from fewer inefficient project discontinuations. Hence, overall welfare may
fall due to homogenization.

Since institutions’ risk-liquidity choices are socially inefficient in our model, there is a role
for regulation in improving welfare. We show that appropriately designed capital requirements,
by discouraging risk taking, can induce the efficient combination of projects and liquidity at in-
stitutions. We also show that such capital requirements should not be eased for an institution that
becomes more diversified as a result of investing in other projects. The reason is that diversifica-
tion does not affect an institution’s aggregate risk, which is what drives financial crises.

This is an important result since there is an ongoing debate about whether capital standards
should be lowered for a diversified institution. The current regulatory stance toward diversi-
fication is mixed. While the new Basel accord allows for a diversification relief for some risks
(operational risks), it does not for others (credit risks). Many observers, and in particular financial
institutions themselves, have criticized this on the grounds that diversification should always be
recognized since it reduces an institution’s risk (e.g., FleetBoston Financial, 2003). Our analysis
provides a rationale for regulators’ reluctance to allow for a full diversification discount.

However, we show that capital requirements for an institution should be reduced when the
financial system as a whole becomes more homogeneous.® The reason is as follows. In a more
homogeneous financial system it becomes unlikely that an institution will be able to borrow
from others when it has liquidity needs, simply because other institutions are probably having
liquidity needs at the same time. Rational institutions should anticipate this and rely less on
interinstitutional risk sharing.” The impact of an institution’s risk and liquidity choices on other

5 This is not to say that there cannot be a direct effect (as we argue in the paper, such an effect could go either way).
Rather, we abstract from a direct effect in order to isolate the indirect effects of homogenization.

6 Thus, optimal capital charges fall with total diversification in the financial system but not with an institution’s own
degree of diversification.

7 By contrast, if institutions were myopic and would only focus on their own balance sheet, they may fail to realize
that the scope for risk sharing has diminished and may conclude that they have become safer since the riskiness of their
balance sheet has fallen.
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institutions decreases as a consequence. Therefore, an institution internalizes more of the effects
of its actions, which in turn lessens the need for regulating it.

This argument is probably best understood when put to its extreme. Suppose that the financial
system is fully homogenized, that is all institutions invest in the same projects. The liquidity
needs of institutions are hence identical and there is no longer a possibility for sharing liquidity
risk through borrowing and lending. The interactions between financial institutions then cease to
exist in our model. As a result, externalities among institutions are absent, implying that institu-
tions will choose a socially efficient combination of projects and liquidity.

The paper proceeds as follows. The next section discusses related literature. Section 3 de-
scribes the model. In Section 4 we analyze the impact of homogenization in the absence of
regulation. Section 5 studies the consequences for financial regulation. In Section 6 we discuss
our results. The final section concludes.

2. Related literature

Several papers have recently pointed to undesirable aspects of financial institutions expand-
ing their activities and reallocating risks in the financial system. For example, Allen and Gale
(in press) and Allen and Carletti (2006) show that a transfer of risk from the banking sector
into the insurance sector can increase systemic risk. This is because it creates linkages among
the two sectors, which can cause a crisis to spillover from the insurance to the banking sector.
Wagner and Marsh (2006) consider risk transfer between institutions that differ with respect to
their fragilities, and show that it may lower financial stability when the more fragile sector is
relatively less risk-averse.

Our model differs from these papers in that the reallocation of risks per se is desirable (since it
provides diversification). The reason why welfare can fall is because institutions reoptimize their
portfolios. It is well known that financial institutions may overinvest in risk and underinvest in
liquidity (e.g., Bhattacharya and Gale, 1987). Our paper shows that diversification worsens this
problem since it increases institutions’ gains from investing in (risky) projects and reduces their
incentives to hold liquidity.

Our paper also points to a new benefit of diversification. Typically, diversification is consid-
ered desirable because, by lowering the probability of institutional failures, it makes financial
crises less likely. This effect is absent in our model since financial crises are driven by aggregate
uncertainty, which cannot be removed through diversification. Rather, the benefit of diversifica-
tion comes in the form of lower costs of a crisis because it makes institutions more similar to
each other.

The analysis of homogenization connects our paper to the literature on bank herding since
both homogenization and herding increase the correlation of banks’ portfolios. Several argu-
ments have been brought forward why such herding may arise. Scharfstein and Stein (1990),
for example, have shown that managers have an incentive to mimic the behavior of their peers
due to reputation concerns. In Acharya and Yorulmazer (2006) investment in correlated activities
increases the probability of joint failure of banks. Bank owners have an incentive to undertake

8 While we consider risk shifting between institutions, Freixas et al. (in press) study risk shifting within a conglomerate.
They show that deposit insurance gives the conglomerate an incentive to shift risk from its insurance to its banking arm,
which in turn increases the conglomerates’ overall risk-taking (compared to standalone institutions). Relatedly, Goldstein
and Pauzner (2004) consider diversification among investors and show that it can cause contagion among countries
through a wealth effect (that is, an increase in investors’ risk aversion following a reduction in their wealth).
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such investments (that is, to herd) because the costs of joint failures are borne by depositors.
In Acharya and Yorulmazer (2007) banks undertake correlated investments because they prefer
failing together since in a systemic crisis the regulator has to bail them out.

In the herding literature correlation is typically costly from a social perspective. For example,
in Acharya and Yorulmazer (2007) it increases the likelihood of a systemic crisis in which assets
have to be sold at a loss to outsiders. By contrast, correlation (without the reoptimization at
banks) is socially desirable in our paper. There are two reasons for this. First, more correlation
does not imply more aggregate risk (as it does in Acharya and Yorulmazer). This is because
higher correlation comes from diversification, which raises correlation by reducing idiosyncratic
risk rather than by increasing aggregate risk. Hence, (systemic) financial crises do not become
more likely. Second, correlation reduces the costs of a crisis since it implies that less liquidity has
to be reallocated between institutions.” Thus, in our paper more correlated financial institutions
optimally attract lower capital requirements.

Our setup borrows several features from Holmstrom and Tirole (1998). First, crises are not
driven by bank runs (or other forms of institutional failures) but by shortages of liquidity that
cause discontinuation of projects. Second, there is both aggregate and idiosyncratic uncertainty
in institutions’ liquidity needs. An important difference is that in Holmstrom and Tirole idiosyn-
cratic risk can be completely pooled through intermediaries (the source of inefficiency in their
paper is aggregate risk). In our paper idiosyncratic risk can not be pooled in this way, causing
unnecessary project discontinuations at originating institutions. This is what creates the scope for
homogenization, which gradually removes this inefficiency by lowering the idiosyncratic risk at
institutions.

3. The model

The financial system consists of a continuum of institutions, which we refer to as banks. There
is a unit mass of them. Banks are owned by risk neutral households and invest on their behalf in
firms. Households do not directly invest in firms because banks can make use of economies of
scale, for example because of fixed monitoring costs or because firms’ projects are indivisible.
For concreteness, we assume that each bank collects one unit of funds from households.

There are three dates. At date 0, a bank can invest in a storage technology (liquidity) and
in a risky asset. The storage technology simply transfers one unit of funds from the current
period to the next. By contrast, the return on the risky asset materializes over two periods. At the
intermediate date 1, each unit of a risky asset (a ‘project’) gives an uncertain return 7;, where i
(i € [0, 1]) indexes banks. The intermediate return 7; consists of an aggregate component ¢ and
a bank-specific component ¢;, arising because banks are specialized into different activities (e.g.,
into different regions or different industries). The aggregate shock ¢ is uniformly distributed on
[—1/2,1, 2] with density ¢ (¢) = 1. The bank shock ¢; takes with equal probability the values s
and —s with 0 < s < 1/2 and is assumed to be independently distributed across banks. Both the
aggregate and the bank shock are observable but not contractible.

The intermediate return 7; can be written as

ni =&+ we; (1)
9 Correlation generally reduces the need to form interlinkages among institutions in order to share risks. This can give

rise to additional benefits because interlinkages can lead to costly spillovers in a crisis, such as through asset prices, credit
exposures or interbank market contagion (e.g., Allen and Gale, 1998; Freixas et al., 2000; Aghion et al., 2000).
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where w, 0 < w < 1, is the relative weight on the idiosyncratic shock. The expected value of n;
is zero since both the aggregate and the bank specific shock have zero mean.

In order to be continued, a project requires a liquidity injection of / > 0 at date 1.'0 If this
injection is not provided, the project becomes worthless, i.e., the return at date 2 is zero. If the
injection is provided, and the project is continued at the originating bank, it yields R at date 2
and returns the liquidity injection /. On the other hand, if the project is continued at another bank,
the project returns only ¥ R (0 < y < 1) plus the liquidity injection. 1 — y is the value loss that
arises because the acquiring bank is only an inferior user of the project (for example, because the
originating bank has obtained in the course of financing project specific knowledge). In the case
of y =0, projects cannot be employed at other banks at all.!'!

At date 1, after the intermediate returns have materialized, banks can smooth their liquidity
needs by trading liquidity at an interbank market. A bank’s liquidity before borrowing and lend-
ing (denoted L;) consists of investment in liquidity at date O plus the intermediate return on the
risky asset

Li=1-X;+nX; )

where X; € [0, 1] denotes the date O investment in the risky asset. A bank’s demand for liquidity
LiD is given by the liquidity needed to continue its projects: LiD = X;!/. It follows that the bank’s
(net) liquidity need L iD — L; has an idiosyncratic component.

From (2) we can derive the total (aggregate) amount of liquidity in the banking sector: L :=
fol Lidi=1—-X+¢eX+ fol gi X; di, where X := fol X; di is the aggregate investment in the
risky asset. From the Law of Large Numbers we have that the mass of banks that have received
a positive and a negative idiosyncratic shock is 1/2 each. Therefore, we can reorder banks using
an index j € [0, 1] such that for j < 1/2 we have a bank with a positive shock and for j >
1/2 we have a bank with a negative shock. We can then rewrite fol g X;di as fol/stj dj +
f11/2 —sX;dj =s(fy?X;dj — fll/z Xjdj). This expression is zero because the X's will be
identical across banks due to symmetry. Hence, we have that L = 1 — X + ¢X. The aggregate
demand for liquidity is given by L? = fl Ll.D di = XI.

When L > LP, there is sufficient aggregate liquidity to finance all projects. Competition en-
sures then that the interest rate on lending in the interbank market is zero, since this is the return
on the storage technology. Thus, banks can smooth their liquidity needs at no cost. By contrast,
when L < LP there is insufficient liquidity to finance all projects in the economy. Banks with a
liquidity deficit compete then for the scarce liquidity. Given that the value of the project is zero in
the absence of a liquidity injection, this would require the interbank interest rate to rise to a level
which makes the return from financing assets (net of borrowing costs) equal to zero (if this were
not the case, banks which are rationed would offer to pay a slightly higher interest rate, which
would strictly increase their profits).

We presume that lending at such high interest rates is not possible. The motivation is that the
large repayment this would imply is likely to trigger asset substitution at deficit banks. Surplus
banks would anticipate this and hence refrain from lending. Appendix A formalizes such a break-

10 por example, because a multi-stage project requires capital investment at date 0 and date 1. This feature is borrowed
from Holmstrom and Tirole (1998), where firms have (real) liquidity needs at an intermediate date.

11 An alternative interpretation of the continuation of projects at other banks is that firms (= projects in our setup) have
to switch banks when they can no longer obtain financing at their original bank.
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down of interbank lending in a liquidity crisis as the result of deficit banks being able to switch
to inferior assets that give private benefits.!?

Note that granting each other credit lines at low interest rates at date O cannot improve upon
the interbank market allocation. This is because banks which do not have a liquidity deficit also
benefit from liquidity, since they can use it to finance projects from deficit banks. Therefore,
banks would always try to draw the credit line in a crisis regardless of whether they actually
have liquidity needs. Since liquidity is not observable, credit lines can thus not provide interbank
smoothing.

We refer to a situation of L < LP as a liquidity crisis. Such a crisis occurs when L =1 — X +
eX < LP = X1 or, from rearranging, if the aggregate shock ¢ is lower than

gi=14+1-1/X. 3)

Given that ¢ is uniformly distributed on [—1/2, 1/2], the probability of a liquidity crisis 7 :=
Pr(e < &) can be expressed as

m=8+1/2=3/2+1—1/X. (4)

The date 2 returns are as follows. When there is no liquidity crisis at date 1 (i.e., &€ > &),
banks with a liquidity deficit (if they exist) can borrow their required amounts from the interbank
market. Thus, all projects are financed at date 1 and continued at their originating banks. Since
any excess liquidity L; — Ll.D (which may be positive or negative) is transferred at zero interest,
a bank’s return at date 2, Wio(m), is simply the return on its risky asset plus liquidity holdings at
date 1:

WP (i) = RX; + Li (mp). (5)

When there is a liquidity crisis at date 1 (i.e., ¢ < &), we presume that each bank holds an amount
of liquidity such that when it has received a negative shock, it does not itself have sufficient lig-
uidity to finance all its assets (we call such a bank a ‘deficit bank’), whereas if it has received a
positive shock, it does (‘surplus bank’) (hence, there is partial insurance against shocks). A deficit
bank will then use all its liquidity to finance as many of its own projects as possible. The remain-
ing projects then become worthless for the bank, either because the bank cannot inject liquidity
or because it sells projects to other banks. The latter is because, since there is an aggregate short-
age of liquidity and the value of a project without liquidity injection is zero, the price of assets
sold has to be zero. The date 2 return, Wl.l’_ (ni), of such a bank consists then of the return on the
maximum amount of assets which can be financed with its own liquidity (L; /1), plus liquidity
holdings at date 1:

W i) = RLi i)/ 1+ Li(ny). (6)

In contrast, a bank which receives a positive idiosyncratic shock first uses its liquidity to finance
its own projects and then uses the remaining liquidity to acquire assets from banks which have
experienced a negative shock. Given that remaining liquidity is L; — X;/, it can purchase (at a
zero price) and finance (L; — X;[)/l = L;/l — X; assets, giving each a return of y R. The bank’s
overall return is then

W o) = RX; + L) + v R(Li(ni) /1 = X;). v

12 While we assume here that there is no lending in a crisis, we show in Section 6 that our results also hold when the
breakdown of lending is only partial.
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A bank’s total expected return at date 0, W;, is given by

¢(e)de

172
Wl.o(s —ws) + Wio(e + ws)
W; = >
é

g 1,— 1+
+/ Wi (e —ws)+ W, " (e +ws)
2

¢ (e)de. (8)

—1/2

Using Eqgs. (5)—(7), this simplifies to

g
1
Wi=RX;+ (1 —X;)— 3 / R[Xi — Li(e —ws)/1]de
—1/2

+% / VR[Li(€+wS)/l—Xi]d8. )
—1/2

We denote with £ the expected level of the aggregate shock in a crisis, which is given by
é g
Fi=FEle|e<é]= / 8¢(£)d8/ / b(e)de =

—12 —1/2

8—1/2 m—1
=— (10)
2 2

where we have used 7 = & + 1/2. We can then rewrite (9) as
T _ s _
Wi=RX;+ (1 —-X;)— ER[Xi —Li(E—ws)/l]+ EJ/R[L,'(S +ws)/l—X;].  (11)

From (11) we have that W; consists of the total expected return if all projects could be con-
tinued at zero costs, RX; + (1 — X;), minus the expected foregone returns from having to sell
or liquidate assets when a deficit bank in a liquidity crisis, %R[X i —L;i (& —ws)/!], plus the ex-
pected gains from buying up assets when a surplus bank in a crisis, 7y R[L; (& +ws)/l — X;1.1

3.1. Equilibrium and social inefficiency

Each bank chooses X; in order to maximize its expected return W; in (11), subject to its
liquidity holdings given by Eq. (2) and taking as given the amount of aggregate investment X
(and thus 7 and &). We presume that the bank’s optimal choice of X; is interior. Therefore, the
optimal X; fulfills the FOC

ow;
0X;

=R—1-— %R[l —(=14+&—ws)/l]+ %)/R[(—l +&e4+ws)/l—1]=0. (12

13 Note that the financial system displays an (assumed) fragility in the sense that a small reduction in liquidity (from
L=LP toL < LP)canlead to a breakdown of interbank lending. However, this fragility is not necessary for our results,
see the discussion in Section 6 (‘Partial breakdown of interbank lending’).
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Note that because of constant returns on projects, the FOC does not specify a level of X; but
rather a level of aggregate investment X (because m = 7w (X) and & = (7)) for which an indi-
vidual bank is indifferent between investing in the risky asset and holding liquidity.'*

By contrast, the socially efficient amount of investment maximizes total bank return in the
economy, which consists of the sum of the returns of all banks

1
W= / Widi=RX +(1—X)— %R[X —L(E—ws)/l]+ %yR[L(é + ws)/l — X]

0
(13)
where L(¢ £ ws) =1— X 4+ e¢X 4+ wsX. Proposition 1 shows that banks invest too much in the
risky asset, i.e., they provide less than the socially efficient amount of liquidity.'

Proposition 1. Banks’ provision of liquidity is inefficiently low and we have
1 wsX
dW/dXi—8W,~/8X,-:—§(l—y)RTn (X;) <O. (14)
Proof. See Appendix C. O

The inefficiency of banks’ liquidity holdings arises from an externality across banks: when
a bank holds less liquidity (i.e., invests more in the risky asset), it reduces the net aggregate
liquidity L — L. This increases the probability of a liquidity crisis by increasing the domain of
asset shocks for which a liquidity crisis occurs (£ increases): w/(X;) > 0. This is costly for all
banks because in a liquidity crisis, liquidity cannot be allocated efficiently. Hence dW/dX; <
aW; /9 X; and banks invest too little in liquidity.

As the proposition shows, the efficiency loss from the inefficient liquidity allocation is:
%(1 —¥)R wfx , consisting of the mass of deficit banks in a crisis, 1/2, the loss from not being
able to continue a project at the originating bank, (1 — y)R, and the amount of projects which
unnecessarily are not continued at deficit banks, ws X /[. The latter is because for the new states
in which a liquidity crisis occurs we have & = & and hence L? = L. Thus, deficit banks have
a liquidity deficit of wsX; = wsX and surplus banks have a liquidity surplus of wsX; = wsX.
Hence, due to the interbank market failure, an amount ws X of liquidity is not allocated efficiently
and as a result ws X /[ projects cannot be continued anymore.

4. The homogenization of activities

We now investigate the impact of banks being able to engage in activities beyond their special-
ized line of business. To this end we assume that a bank can make up to a fractiong (0 < g < 1)
of its total investment X; at date O into an ‘aggregate asset’. This asset is assumed to be diver-
sified and only differs from the specialized asset in that it pays ¢ rather than n; = ¢ + ¢; at the
intermediate date, since it does not contain a bank specific shock.

14 Appendix B provides the conditions under which the X implied by (12) is indeed consistent with our setup: Ap-
pendix B.1 shows that the equilibrium X is consistent with partial insurance, Appendix B.2 verifies that a bank has no
incentive to deviate to either full or no insurance.

15 This underinvestment in liquidity is common in models of liquidity provision, see for example Bhattacharya and Gale
(1987).
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q thus represents banks’ diversification opportunities. Changes in ¢ may, for example, be the
result of deregulation which allows banks to spread their activities geographically or to enter
into new business lines. Improved diversification opportunities may also arise from financial
innovation. For example, the recent arrival of credit derivatives has allowed banks to trade risks
that were previously considered untradeable (e.g., BIS, 2004).

To incorporate such a homogenization of activities in our setup, we normalize the relative
weight of the intermediate bank shock in the absence of diversification possibilities to 1. The
extent to which a bank is diversified (i.e., the share of its total investment that is in the diversified
asset) is denoted with ¢; (0 < ¢g; < g). The date 1 liquidity of a bank with a diversification de-
gree g; isthen L; =1 — X; 4+ ((1 — g;)ni + g&)X;, which can be rearranged to

Li=l—Xi+(€+(1—qi)8i)X,'. (15)

Note that for w = 1 — g;, (15) is identical to (2). Hence, the setup of the previous section cor-

responds to an aggregate degree of diversification ¢ = 1 — w with ¢ := fol gi di (because of
symmetry there will be g; = g in equilibrium).

What is the degree of diversification of activities banks will choose? From Eq. (11) we have
that an increase in g; increases a bank’s return

ow;  —oW;
dg;  dw

sX;

l'n>0. (16)

—11— R
—2( V)

This is because, as can be seen from (15), a unit increase in g; reduces the idiosyncratic compo-
nent of a bank’s liquidity by s X;. Thus, if a bank has received a negative shock, diversification
improves liquidity by sX; and, as a result, the bank can continue s X; /Il more assets. If a bank
gets a positive shock, liquidity is lowered by sX;, implying that it can buy sX; /[ less assets.
As y < 1, the gain from the former is always larger than the loss from the latter. Or, in other
words, diversification makes a bank’s liquidity closer to average liquidity in the banking sector.
It suffers then less from the inability of the interbank market to smooth liquidity in a crisis. Banks
thus unambiguously benefit from diversification and they always choose the maximum degree of
diversification. Thus, in equilibrium we have g; =g = gq.

We next examine the implications of a homogenization of activities for the stability and the
efficiency of the banking system. We interpret the homogenization as arising from a (small)
increase in the diversification opportunities g by dg > 0 (for example, because deregulation).
As we have already established that banks benefit from diversification, they will respond by
expanding their activities. Since ¢; = g, we have d¢g; =dg =dgq > 0.

We consider first the consequences for the stability of banking system, as measured by the
probability of a liquidity crisis w. Although stability enters welfare already through its impact
on the efficiency of the banking system (W in Eq. (13) is decreasing in ), it is nevertheless
instructive to study stability on its own, as it is typically believed that financial crises also cause
externalities beyond the one present in our model. For example, banks may not fully internalize
the cost of projects being discontinued, as they ignore any loss to the owner of the project (our
setup implicitly assumes that banks fully extract the surplus from the projects they finance).

The stability implications of the increase in g are as follows. First, there is no direct stabilizing
effect of diversification. Although diversification clearly reduces the variance of the liquidity
needs at each individual bank by reducing its exposure to idiosyncratic shocks, it does not alter
the aggregate risk in the financial system. As crises occur only when there are aggregate liquidity
shortages, stability is therefore unchanged. This can also be directly appreciated by noting that
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7 in Eq. (4) only depends on the aggregate amount of investment in the risky asset but not on the
idiosyncratic components of banks’ liquidity holdings.

However, there is an indirect effect of diversification because it has an impact on banks’ in-
centives to provide liquidity and to invest in the risky asset. As already discussed, diversification
reduces the inefficiencies associated with imperfect liquidity allocations by making an institu-
tion’s liquidity more similar to the average amount of liquidity in the financial system. This
lowers a bank’s costs of investing in the risky asset by reducing the amount of ‘unnecessary’
discontinuations: from (12) we have that the marginal benefits from investing in the risky asset
are increasing in g;:

d(OW;/0X; d(0W;/0X; 1 R
OWi/oXi) _ _9@OWi/aX) 1, R o (17)
aqi ow 2 l

Thus, allocating funds toward the risky asset becomes relatively more attractive, and providing
liquidity becomes less attractive. It follows that a bank will increase its investment in the risky as-
set following diversification: dX;/dg; > 0. Thus, aggregate investment X increases and liquidity
holdings L decrease. As a result, the likelihood of a liquidity crisis rises.

In the absence of any direct stabilizing effect it follows that

Proposition 2. A homogenization of activities in the financial system reduces stability.

It should be emphasized that this result arises even though banks are fully aware of the absence
of a stabilizing effect of diversification. If this were not the case, and banks wrongly conclude
from the reduced variability of their liquidity holdings following diversification that they have
become safer, they may bias their portfolio even more toward the risky asset.

We next address the implications for the efficiency of the banking system, as measured by
its expected return W. From the previous considerations, it is clear that there are two opposing
effects. On the one hand, the improved diversification resulting from the homogenization of ac-
tivities enhances banking efficiency by reducing banks’ reliance on imperfect liquidity smoothing
through the interbank market. On the other hand, it also encourages a bank to reduce its liquidity
holdings. As banks already underinvest in liquidity, this intensifies negative externalities across
banks, with adverse ramifications for efficiency.

The overall efficiency impact should then depend on the relative size of the two effects.
However, when only the liquidity externality described so far is present, the first effect always
dominates in our setup. This is because the externality operates through reducing the gains from
investing in the risky asset at other banks. As in equilibrium the marginal gains from investing
in the risky asset are zero (Eq. (12)), this externality is always completely offset through portfo-
lio reallocations at banks. By contrast, if there are externalities that reduce gains at other banks
independently of their level of investment in the risky asset, there is no such offsetting behavior
and the efficiency implications become ambiguous.

In Appendix D we demonstrate this ambiguity for when there are fixed costs of being in a lig-
uidity crisis, i.e. costs that are unrelated to the amount of assets that have to be liquidated. Within
the confines of our framework, such costs may, for example, arise because banks face costs of
arranging the transfer of assets. More generally, they may also arise from network externalities,
such as a breakdown of the payment system.

It is shown in Appendix D that for when these costs are small, the first effect still dominates.
However, for sufficiently large costs, the second effect is dominating. Hence
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Proposition 3. A homogenization of activities has ambiguous implications for banking efficiency.
Proof. See Appendix D. O

Taken together, Propositions 2 and 3 suggest that in an unregulated financial system, a homog-
enization of banks’ activities is not necessarily beneficial because banks respond by increasing
their risk. With some qualifications, this also applies to the current financial system. First, non-
bank financial institutions typically face no capital requirements that could limit increases in risk.
Second, within the banking sector institutions hold substantial amounts of capital in excess of
regulatory requirements. For example, US banks hold about 75% more capital than prescribed
by the regulator (Flannery, 2002). It has been argued that capital requirements are thus not bind-
ing (e.g., Flannery, 2002 and Allen et al., 2005). Hence, banks may have room to respond to a
homogenization of their activities by increasing their risk, as in an unregulated economy.

5. Financial regulation

In this section we study how regulation should respond to a homogenization of activities in
the financial system. For this we presume that the regulator has no advantage over the interbank
market, that is, he cannot improve upon the liquidity allocation in a crisis.'® We first demon-
strate that a provision of liquidity by the central bank (i.e., a lender of last resort policy) cannot
overcome inefficiencies. We then turn to the role of capital requirements in improving upon the
efficiency of the financial system.

5.1. Ineffectiveness of a lender of last resort (LOLR) policy

Suppose that the central bank commits to providing an amount of liquidity L® to the market
in a crisis. Also assume that the liquidity injection takes place at market interest rates.!” Since
liquidity needs are real in our setup (i.e., they are used to continue physical assets rather than
to settle financial claims), a central bank would need to store LCEB at date 0 in order to have
LCB available in case a crisis occurs. In a closed model, this L5 would somehow needed to be
obtained from the banks. Obviously, this is then not a sensible intervention as it simply transfers
liquidity from banks to the central bank.

Rather, we shall examine the situation where the central bank possesses own liquid funds of
LCB that it can provide in a crisis. Since this amounts to injecting additional resources into the
economy, it is not possible to study the welfare implications of such a LOLR policy. However, it
is informative to analyze the impact on the likelihood of crises.

Given this liquidity injection, a liquidity crisis will now occur only if L 4+ LB < L?. Analo-
gous to Eq. (4) one can derive the expression for the probability of a liquidity crisis m,

m=3/2+1—(1+L%)/X (18)

16 ¢ may seem that there is a role for regulators in reallocating liquidity between banks (as in Castiglionesi, 2007) but
this is not necessarily the case since banks’ liquidity holdings are not observable.

17 1t has been argued (e.g., Bagehot, 1873) that the lender of last resort should only operate at a penalty interest rate.
However, in practice lending often occurs without a premium over the market interest rate (Goodhart and Schoenmaker,
1995) and thus lending at high interest rates may not be feasible. Our framework can explain this by the asset substitution
problem that is caused by high interest rates.
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showing that for a given X, a liquidity injection reduces the probability of a crisis.

However, a lower 7 has the effect of increasing banks’ incentives to invest in the risky asset
(0W;/0X; is decreasing in 7, as shown in Appendix B.1). Thus, there is an offsetting effect
on the probability of a liquidity crisis. As the next proposition shows, the initial impact of the
liquidity injection will be even completely neutralized:

Proposition 4. A liquidity injection in a crisis does not affect stability.

This neutrality result can be understood by noting that the introduction of LB does not di-
rectly enter the bank’s FOC condition for X; (Eq. (12)); it enters only indirectly via 7 and &.
Recalling that £ = (w — 1)/2, it follows that the FOC is still fulfilled for the probability of de-
fault prior to the implementation of the LOLR policy, implying that the equilibrium probability
of a liquidity crisis is unchanged. Therefore, banks increase their investment in the risky asset and
reduce liquidity by an amount that exactly offsets the impact of L on the probability of a crisis
(note that this requires that banks have enough leeway to increase investment, that is X; < 1 does
not become binding). Thus, the provision of liquidity by the central bank is ineffective because
it is anticipated by banks ex ante and causes an offsetting reduction in their liquidity holdings.!®

5.2. Capital requirements

Capital requirements specify that banks have to hold a certain amount of capital per unit of
risk they hold on their balance sheet. We assume that when banks are constrained by capital
requirements (that is they want to hold more risk than their amount of equity allows), they can
raise new equity at a constant cost. Capital requirements, if binding, can hence be interpreted
as a charge on bank risk. We denote this charge per unit of investment X; by &, with § > 0.
When 98’ /dg; = 0 the regulator sets the charge independent of the bank’s diversification, while
if 38’ /0g; < O there is a diversification discount.

Optimal regulation has to correct the negative externalities from banks’ portfolio choices. As
banks underinvest in liquidity and thus overinvest in risk, it follows that optimal capital require-
ments are always binding. Thus, a bank’s return is equal to its return in absence of regulation
(Eq. (11)) minus §X;

W, = RX; + (1 — X;) — %R[X,- — Li(e(r) — ws) /1]

T _
+ EyR[L,»(g(n) + ws)/l — X;] - 8X;. (19)
Analogous to Proposition 1 we have that the externality posed by bank i is given by
dw 0w, 1 (1—¢g)sX , 1 1—-¢g)s 1
- _ =——(1-pPR— 7' X)) +8=—(1—y)R—"— 45 (20
ax. X, Sd=7 T X+ Sd=7) T x T8 Q0

where the last equality follows because of 7/ (X;) = 1/X? in equilibrium. Hence, if the regulator
sets

(1—g)s 1

1
5=-(1—9y)R
I=VIR——5

2 , 2n

18 Similarly, neither should an (anticipated) private provision of liquidity from outside the banking sector (e.g., from
hedge funds) mitigate the occurrence of crises.
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we have gTW,- = SVXV: and banks choose the socially efficient amount of liquidity.

From (21) it follows that

Proposition 5. Optimal capital requirements

(1) are independent of a bank’s degree of diversification q;,
(i1) decrease in the degree of homogenization of the financial system q,
(iii) are zero when there is complete homogenization (g = 1).

The independence of bank diversification g; arises because when a bank broadens its activ-
ities, this does not affect aggregate liquidity risk and thus not the probability of a crisis. Hence
regulation should take a neutral stance toward a bank’s individual degree of diversification. This
contrasts with the diversification relief that the new Basel accord allows for operational risk!®
and with practitioners’ demands (e.g., FleetBoston Financial, 2003) to provide a full capital re-
lief also for diversification of credit risk.?

The reason for why an increase in the homogenization of the financial system ¢ reduces
capital requirements is as follows. When banks are more homogeneous, their liquidity holdings
become more similar. Thus, there is less need to reallocate liquidity through the interbank market.
Hence, interbank market failure becomes less costly and the liquidity externality diminishes.
When the financial system is fully homogenized, that is when all institutions carry out the same
activities, there is no longer any need for interbank smoothing. Imperfections in the interbank
market become irrelevant and hence there are no longer externalities across banks. The scope for
imposing capital requirements vanishes.

The reduced need for regulation for when the financial system becomes more homogeneous
may have positive welfare ramifications itself when regulators cannot implement the optimal §,
for example, because they have only imperfect knowledge of the parameters determining it (such
as the risk level at banks or the cost of not being able to continue projects 1 — y). It may also be
beneficial because capital requirements distort banks’ incentives (this may be, for example, by
reducing banks’ franchise value, e.g., Blum, 1999).

6. Discussion

Partial breakdown of interbank lending The analysis has focused on an extreme form of inter-
bank market breakdown: on one side the interbank market functions perfectly, while on the other
side it breaks down completely. This feature has simplified the exposition but is not crucial for
the results.

First of all, it is not important that the interbank market works perfectly when there is no crisis.
If surplus liquidity (that is the liquidity at surplus banks that could be lend to deficit banks) cannot
be reallocated in normal times as well, there will be additional inefficiencies, similar to the ones
that arise in a crisis. Diversification will help to alleviate these inefficiencies since it reduces

19" The new Basel accord does not provide for a diversification discount for credit risk. However, regulators assume that
banks hold a well diversified credit portfolio and may impose additional capital charges if this is not the case (BIS, 2005).
20 Wagner (2006) argues that optimal capital requirements may even increase when a bank becomes more diversified.
This is because by diversifying, a bank makes itself more similar to other banks. This in turn increases the likelihood that
banks are in stress jointly rather than alone, which is costly for banks (for example, because it is then more difficult to
borrow funds as all institutions have liquidity demands).
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the need for smoothing idiosyncratic liquidity needs. This will further lower institutions’ cost of
investing in the risky asset, ultimately making liquidity crises more likely.

Moreover, the results do not hinge on the interbank market breaking down completely in a
crises. Suppose that at the marginal liquidity shortage (that is when ¢ = £) deficit banks can still
borrow, but not enough to reallocate all surplus liquidity. Diversification will continue to bene-
ficial in that case as it reduces the heterogeneity in banks’ liquidity holdings and thus the need
to reallocate liquidity. This gives rise to the same effects as when there is a complete breakdown
(the effects will simply be less pronounced as the breakdown is only partial).”!

For our results it is also not important that the interbank externalities work through the mar-
ginal liquidity shortage (in our model, liquidity provision at a bank lowers & and thus reduces the
states of the world in which interbank lending breaks down). Suppose that all surplus liquidity
could be reallocated at the marginal liquidity shortage and that only for larger shortages the inter-
bank market gradually stops working. Then, the previous externality may no longer be present: it
is still true that liquidity provision reduces the states of the world in which liquidity crises occur
but this is no longer costly since in this states interbank market imperfections are only marginal.

However, an alternative externality may then arise because a bank’s liquidity provision re-
duces the aggregate shortage in a crisis and hence reduces imperfections in the interbank market.
Crises become then less costly for all banks (while with the previous externality crises became
less likely). In Appendix E it is shown that our main results continue to hold in the presence
of such an externality. Again, this is because diversification lowers the amount of liquidity that
needs to be reallocated and thus makes the imperfections in lending less important. The only
difference to the baseline model is that a liquidity injection is no longer neutral (Proposition 4).
Its impact on the probability of a liquidity crisis is ambiguous. However, this does not imply that
a liquidity injection changes welfare, since liquidity crises per se are no longer socially costly.
This is because imperfections only arise for larger liquidity shortages.

Social externalities While our analysis is based on interbank externalities, it is typically pre-
sumed that liquidity crises also cause costs outside the banking sector. For example, in a liquidity
crisis banks’ projects are liquidated (that is, firms they finance have to discontinue or postpone
activities), the cost of which may not be fully internalized by banks (contrary to what we have
implicitly assumed). When such costs are present, the case for homogenization is worsened as
the reduction in stability following banks’ lower supply of liquidity becomes then more costly.
Also, homogenization will then no longer completely remove the need for regulation, as it only
overcomes the externalities arising from the interbank market failure.

Investing in new activities and the total risk in the financial system We have presumed that the
activities banks are diversifying into carry the same risk as their original activities. If this were
not the case, diversification could have a direct stability effect by changing the total risks (that is
the consolidated balance sheet) of the financial system. Suppose, for example, that deregulation
allows financial institutions to invest in a new activity, which is not fully correlated with exist-
ing activities in the financial system. Then, diversification could lower aggregate risk (still, this
would not imply that the overall stability implications of diversification are improved, as it would
also increase banks’ incentives to invest in the risky asset). Recent trends in the financial system
(in particular conglomeration and consolidation), however, mainly relate to financial institutions

21 Calculations available on request.
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expanding into activities that are already undertaken in the financial sector (e.g., a bank start-
ing insurance activities or a European bank entering the American loan market). The ongoing
broadening of activities may thus not lower aggregate risk in the financial system.??

Diversification and correlation In our analysis, an increase in diversification makes banks’
risks more similar to each other. This is not necessarily the case. For instance, in the example
in the previous paragraph of diversification into an activity that is not fully correlated with other
activities in the financial system, banks may not necessarily become more alike. However, ul-
timately, ongoing diversification will increase similarities among institutions. This is because
portfolio theory stipulates that in order to by fully diversified, institutions should hold the ‘mar-
ket portfolio’. Thus, if all institutions are completely diversified, they all have the same portfolio
and their asset risks will be perfectly correlated.

Specialization and correlation There is some discussion in the literature whether banks have
also become more specialized in recent years. For example, Boot and Thakor (2000) have argued
that increased competition may drive banks to specialize more in their primary activities and
Acharya et al. (2006) have provided evidence consistent with this. This, by itself, should reduce
bank correlation.

However, even though banks may specialize more in their primary activities (e.g., lending),
they may overall still become correlated as they may also increase their risk shedding (such as
through credit risk transfer). In fact, it has been argued that it is precisely the new possibility for
banks to transfer a wide range of risks which allows them to specialize more in the first place.
Furthermore, the evidence on bank correlation cited earlier (i.e., that the correlation among the
largest US banks has nearly doubled in recent years, see Group of Ten, 2001) suggests that, at
least for large banks, any specialization trend has been outweighed by activities that increase
bank correlation.

Diversification versus herding In a series of papers, Acharya and Yorulmazer have shown that
banks have an incentive to herd, that is to invest in the same asset. For example, in Acharya and
Yorulmazer (2007) this is because banks want to increase the likelihood of failing jointly in order
to induce a regulator to bail them out. In Acharya and Yorulmazer (2006), bank owners choose
the same asset because they do not internalize the costs of a joint failure due to limited liability.

Herding and diversification are related in that they make institutions more similar. However,
they are not identical. Suppose that there are only two banks and two assets (asset A and asset B).
Complete diversification would imply that banks hold a portfolio consisting of an identical mix
of asset A and B. With herding we typically mean that banks collectively either invest in asset A
or in asset B. Thus, under either diversification or herding, banks become fully correlated but
diversification has the additional benefit of lowering banks’ portfolio risk. Therefore, in our setup
banks would not herd if they also have the opportunity to diversify.

Herding, as in the papers by Acharya and Yorulmazer, and diversification, as in the present
paper, also have different policy implications. In the herding papers, correlation is socially un-
desirable since it increases the likelihood of the joint failure of institutions. Therefore, more
correlated assets may optimally attract higher capital charges. In the present paper, increased

22 Another reason why diversification may change the total risk in the financial system is simply that banks may diversify
into activities that are more or less risky than their original activity. But then, strictly speaking, we look at the combined
effect of a change in diversification and a change in risk taking.
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correlation is beneficial from a social perspective. This is because it reduces the need for institu-
tions to rely on interbank risk sharing, thus lowering any externalities that may operate through
the interbank market. Therefore, there is less need to discourage risky investment. This can be
appreciated from Proposition 5(ii), showing that optimal capital charges decrease in g (a measure
of bank correlation).

Contagion Diversification may have stability effects beyond the ones analyzed here, when there
is contagion among institutions. Contagion can, for example, arise because liquidity problems at
a bank and the resulting forced liquidation of assets may depress prices and cause problems at
other banks (e.g., Allen and Gale, 1998. It may be argued that diversification should then have
a direct stabilizing effect: as diversification reduces the variance of a bank’s liquidity needs, it
lowers the probability of an individual institution encountering a crisis>> and thus the possibility
of contagion. However, this reasoning ignores that an institution is more likely to suffer from
contagion when it is in a critical situation itself. As diversification makes institutions more sim-
ilar, it becomes more likely that when one institution is in difficulties, other institutions are in
difficulties as well. Contagious spillovers may hence increase following diversification. For ex-
ample, Wagner (2006) has shown that, overall, diversification becomes less beneficial when there
are contagion effects.

Other risk sharing mechanisms In our model, it is the interbank market that provides risk shar-
ing. In practice, there are more channels through which risk sharing can take place, for example,
through secondary markets for assets, banks building up mutual credit exposures or banks ex-
changing deposits. The literature has emphasized that such risk sharing is also imperfect since it
may give rise to costly spillovers in a crisis (e.g., Rochet and Tirole, 1996; Allen and Gale, 2000;
Aghion et al., 2000; Freixas et al., 2000). For instance, the failure of one bank may have a nega-
tive impact on another bank through its negative effect on asset prices. Homogenization should
then have a similar beneficial effect as in our model because, by making institutions more similar,
it reduces their need for risk sharing. This, in turn, will allow institutions to rely less on these
risk sharing channels and reduces costly spillovers.

7. Concluding remarks

The homogenization of financial institutions has complex implications for the stability and the
efficiency of the financial system. This paper has highlighted some of them. First of all, in a world
of ongoing homogenization it is misleading to exclusively focus on the risks at the institutional
level. This is because resulting diversification may make institutions’ portfolios appear less risky,
while from an aggregate perspective risks may only be shifted around. Regulators should thus not
be tempted to equate reduced portfolio risk with improved stability. Contrary to what common
sense may suggest, providing a full diversification relief may thus not be optimal. Moreover,
regulators should be aware that homogenization has an impact on institutions’ incentives for
risk taking and providing liquidity. When capital requirements are not binding, this may have
undesirable consequences for financial stability.

However, homogenization also brings about important benefits. By making institutions more
similar to each other, it reduces their need to rely on interinstitutional risk sharing. As such

23 This effect is not present in our framework because individual bank liquidity does not matter as long as there is no
aggregate crisis since banks can always borrow from other banks.
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risk sharing may be subject to imperfections, the efficiency of the financial system should im-
prove. The reduced reliance on risk sharing also lowers externalities among institutions. This
is because institutions should anticipate that their increased similarity makes it less likely that
they can smooth liquidity needs with other institutions. The interactions among institutions are
therefore lowered and the need for regulation due to interbank externalities diminishes. This may
particularly be beneficial for when regulation is subject to imperfections itself.
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Appendix A. Complete interbank lending failure when L < L?

We provide here a mechanism for a failure of the interbank market to reallocate liquidity in a
crisis. It arises because there is an incentive for asset substitution when there is debt outstanding
(Myers, 1977). The asset substitution problem is particularly severe at banks because ‘bank assets
do not have contractible, easily described risk properties’ and ‘banks confront numerous oppor-
tunities for asset substitution’ (Flannery, 1994). In a crisis, these incentives for asset substitution
are intensified because the high interest rate increases the debt burden.

To focus the analysis, we model the extreme case of the interbank market fully functioning
in normal times, but breaking down completely in crisis times (our main results do not depend
on these features; see the discussion in Section 6). We assume that a bank has at date 1 the
option to use its liquid funds to start a new (and inferior) project (the ‘new’ project), rather
than injecting liquidity into the project started at date O (the ‘old’ project). The new project also
requires an outlay of [ but only returns o R 4/ at date 2, with & < 1. This return cannot be seized
by outsiders, and hence is a private benefit for the bank.

Suppose that the interbank market is operative when L < L?. A bank’s net gain from
financing an additional old project through borrowing at the market interest rate r is then
(R+1)— (1 +r) =R —rl Thus, an equilibrium would require » = R// in order to make a
bank indifferent between financing additional projects through borrowing and not injecting li-
quidity (which would make the projects worthless). The date 2 return of a bank i with a liquidity
deficit that borrows B; and invests all its liquid funds (L; 4 B;) in the old projects is thus (see
also Eq. (6))

RLi/I+Li+((R+DBi/l—(1+r)B;=R-Li/l +L;. 22)

Because the net gains from borrowing are zero, this return is independent of B;. When the bank
borrows funds B; and invests all liquidity into new projects, its date 1 return is simply the total
return on the new projects: « R(L; + B;)/l+ L; 4+ B;. This is because their return cannot be seized
and because the value of the non-continued old assets is zero. From comparing the pay-offs, one
can see that a bank finds it optimal to engage in assets substitution if

R-Li/l+Li <aR(L;+ B;)/l +L; + B;. (23)

Thus, for sufficiently high levels of borrowing B;, banks would always choose to invest in the
inferior asset. However, in practice a bank’s total position in the interbank market is likely to be
partly observable, restricting its ability to borrow unlimited amounts. To incorporate this feature,
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we assume that banks can borrow up to a total amount B without their position being observed
by other banks

If B; = B fulfills the above equation, banks would find it optimal to borrow B and engage in
asset substitution. As a result, the bank would default on its debt, as there are no seizable returns
at date 2. Hence, nobody would be willing to lend to the bank and interbank lending breaks down.

Consider next the case of no aggregate liquidity shortage (L > L?). The return from borrow-
ing at the interbank market and continuing the old projects is then RX; + L; (from Eq. (5)) as
all projects can then be continued at zero borrowing costs. The return from borrowing B; and
engaging in asset substitution is still « R(L; + B;)/l + L; + B;. Banks then find it optimal not to
engage in asset substitution when

R-X;+L;>aR(L; +B;)/l+ L; + B;. 24)

When this condition is fulfilled, lending can take place. Note that the gains from borrowing and
investing are higher when there is no aggregate liquidity shortage (R- X; +L; > R-L;/l+ L;
since we have X; > L;/l for a deficit bank) because interest rates are then lower. Hence, there
are B for which both of the above conditions are fulfilled. For such B we have then that the
interbank market operates in normal times but breaks down in a crisis.

Appendix B. Characteristics of the equilibrium
B.1. Partial insurance in an equilibrium

We show that there are parameters for which an X that fulfills the FOC (12) implies partial
insurance: i.e., in a crisis a surplus bank always has excess liquidity, while a deficit bank has
liquidity needs. The latter follows immediately from the fact that a deficit bank will have less than
the average amount of liquidity, which is already insufficient in a crisis. Regarding the former,
since liquidity increases with the aggregate shock, the condition that a surplus bank always has
enough liquidity to finance its own assets is fulfilled whenever there is sufficient liquidity at the
lowest possible asset shock ¢ = —1/2. This condition writes

Lie=—1/2)—LP =1—X; + (=1/2 4+ ws)X; — X;l > 0. 25)

Dividing by X;, using X; = X (because of symmetry in equilibrium) and substituting X us-
ing (4), this condition simplifies to & < ws. We show next that there are parameter values that
jointly fulfill this inequality and the FOC.
To make use of the inequality 7 < ws, we first show that 0 W; /9 X; is decreasing in 7. From
comparing W; and 0 W; /90 X; (Egs. (11) and (12)) we find that
aWi b4
Wi=—X;+1+( —R/I. 26
= ox Xt +d+y)ZR/ (26)
Partially differentiating w.r.t. w and using dW; /dm < 0 (analogous to Proposition 1 one can show
that 3W; /87 = —(1 — y)ws X X;) we obtain

ow;  9(0W;/9X;)

1
Xi+(1 “R/1<0 27
pym pym it +y)ZR/I< 27

from which it follows that 0 W; /0 X; is decreasing in 7.
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Using & = (7 — 1) /2 to write the FOC (12) as a function of = hence gives dW; (7, ws)/0X; >
oWi(r =ws, ws)/0X; as w < ws. Since dW; (7, ws)/9dX; = 0 we obtain that when

aW; (ws, ws) ws ws — 1
7=R—1—7R 1—(-1+ 2 —ws |/1

0X;
+ws R 1_{_ws—l_{_ 11
> y 5 ws |/
ws ws
=R—1+7R(1—y)—7R/l[3/2(1+7/)

+ws(1/2-3/2y)] <0 (28)

is met, both the FOC and = < ws are fulfilled. Indeed, this condition can be fulfilled for a variety
of parameter values: for example for y < 1/3, the expression in the squared brackets is positive;
by letting / become small, the last term can then be made an arbitrarily large negative number.

B.2. Global optimum

We show that an X with partial insurance which fulfills the FOC (12) does indeed constitute a
global equilibrium. This requires that it neither pays off for a single bank to deviate to a situation
where it always has sufficient liquidity in a liquidity crisis (full insurance) nor to a situation
where it never has sufficient liquidity in a crisis (no insurance). In the following, we therefore
presume that (12) holds, i.e., X is such that 9 W; /9 X; = 0 and show that a bank has no incentive
to deviate from partial insurance.

No deviation to full insurance: a fully insured bank never has to liquidate assets in a crisis and
can always buy up assets from other banks. Its return is then analogous to (11),

W/T = RX; + (1= X)) + Sy R[LiG —ws)/1 - X;]
+ SVR[LiG+ws)/1 = Xi]. (29)

Taking derivative w.r.t. X; and comparing to the FOC condition under partial insurance (Eq. (12))
we obtain
awrt aw;
0X;  0X;
where the inequality follows from 0W; /0X; =0and 1 — (—14& — ws)/l > 0 (since &€ < 1/2).
Thus, under full insurance, the bank’s return is strictly increasing in its risk taking. A bank

therefore has an incentive to increase its investment in the risky asset, which pushes the bank into
partial insurance. Thus, full insurance cannot be a worthwhile deviation from partial insurance.

T
+E(1—y)R[1—(—1+é—ws)/l]>0 (30)

No deviation to no insurance: under no insurance, a bank always has to liquidate assets in a
crisis and can never buy up assets from other banks. The expression for its return is thus

NI s _ T B
WY =RX; +(1-X;)— ER[X,- — Li(E—ws)/l] - ER[XZ» —LiE+ws)/l]. (3D
Taking derivative w.r.t. X; and making use of Eq. (12) we find that

oW aw;
X,  0X;

—%(l—y)R[l—(—1—|—(§—|—ws))/l]<0 (32)
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because of | — (—1+&+ws)/l > 0(since € < 1/2,s < 1/2 and w < 1). Hence, the bank has an
incentive to reduce its risk, which would push the bank into partial insurance. Thus, no insurance
cannot also be a worthwhile deviation.

Appendix C. Proof of Proposition 1
From (13) we have that the efficient level of investment fulfills dW/dX; = dW;/0X; +

oW /om - 7' (X;). Using W; from (9) and 7 = & + 1/2 (Eq. (4)) we can write W = fol W; di
as

T—1/2
W:RX—i—(l—X)—% / R[X — L(c — ws)/1]de
—1/2
7—1/2
+% / YR[L(e + ws)/1 — X]de. (33)
—1/2

Differentiating w.r.t. 7 and simplifying gives dW /9w = —%(1 —y)R wix < 0. From /(X;) =
1/X2 (since X; = X in equilibrium) we have that 7'(X;) > 0. It follows that dW/dX; <
dW; /3 X;, hence banks invest more than the socially optimal amount in the risky asset.

Appendix D. Proof of Proposition 3

We assume now that a bank incurs costs C > 0 when there is a liquidity crisis. Thus, Eq. (11)
for bank returns becomes

Wi = RX; 4+ (1 — X;) — %R[Xi — Li(e(r) — ws) /1]
T
+EyR[L,>(§(n)+ws)/l—X,-]—nC. (34)

The bank’s first order condition (Eq. (12)) is unchanged. Multiplying the FOC with X; and
subtracting from W; gives

Wi=1—%R[—1/1]+%yR/l—nC=1+%(l+y)R/l—nC (35)

which is equal to banking efficiency W as all banks are identical. Thus, in equilibrium the degree
of diversification affects W through the probability of a liquidity crisis 7. As we have shown in
the main text that 7 rises after an increase in banks’ diversification possibilities, it follows that
efficiency increase iff

1
%R/Z>C (36)

and otherwise decreases. Thus, for when the costs of a liquidity crisis C are small, efficiency is
enhanced. However, when C is sufficiently large, efficiency decreases.
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Appendix E. Partial lending breakdown when the borrowing capacity depends on the
aggregate liquidity shortage

In the following we analyze the implications of an interbank externality which does not arise at
the marginal liquidity shortage (as was the case in the baseline model) but because imperfections
in the interbank market depend on the aggregate liquidity shortage. To this end we assume that
deficit banks in a crisis can each borrow up to an amount B; (¢), where B;(¢) = by — b(¢ — ¢) and
bg, b > 0. Note that the difference between the marginal liquidity shortage shock & and the actual
shock ¢ is a measure of the liquidity shortage. B;(¢) thus implies that the borrowing capacity of
deficit banks falls when the aggregate liquidity shortage widens.?*

The borrowing capacity binds when not all surplus liquidity can be lend to deficit banks.
Note that a binding constraint is an aggregate concept (of course, deficit banks are individually
never able to finance all their projects whenever there is a crisis due to the aggregate shortage).
We make the following assumptions about when the borrowing constraint is binding and when
not. First, we assume that the constraint does not bind at the marginal shortage & (in order to
isolate the effects from the ones in the baseline model). Second, we assume that the constraint
eventually binds when the aggregate shortage becomes sufficiently large (we discuss the case
of the borrowing constraint not binding at all at the end of this appendix when we consider
Proposition 5). It follows that there exists a shock & € (—1/2, &) at which the constraint starts
binding.

To save notation we use L;” and L?’ as a short cut for the liquidity of a deficit (L;” = L; (e —
(1 — g)s)) and a surplus bank (Ll.+ = L;(e + (1 —q)s)), respectively. L™ := f{ila,':—s} L; di and
Lt := f{i\ ei=s) L;r di denote the corresponding aggregate values, that is the total liquidity of all
deficit banks and all surplus banks. Total surplus liquidity in the economy is then L™ — XI/2.
The total amount deficit banks can borrow is B := f{ ilei=—s} B;di = W The return & at
which the constraint starts binding is hence implicitly defined by

Xl bp—b(E—%) _0
2 2 o
Using LT () = L1 (8) — (6 —&)X/2 and L™ (8) = XI/2+ (1 — g)s X /2 (from the definition of &)
we can rearrange (37) to yield

~ A bp—(—g)sX
E=— ——. 38
P (38)
Furthermore, we assume that an increase in return ¢ makes the borrowing constraint less
binding (that is, the surplus liquidity which cannot be lend out falls). From (37) we have

L*E) - (37

(LT (e) — X1/2 — W=bEEy
= <
ae 2
Eq. (39) guarantees that the borrowing constraint remains binding for ¢ < &.
There are now two different situations in a crisis. When & > &, all surplus liquidity can be

reallocated because borrowing is unconstrained. Hence, there is an excess demand for liquidity
in the interbank market due to the aggregate shortage. The interest rate is then R// (as in the

0. (39)

24 This may be the case, for example, because larger shortages result in higher interest rates and thus lower banks’
borrowing capacities.
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baseline model) because the return from borrowing and financing projects has to be zero for
deficit banks. When ¢ < &, the constraint binds, causing deficit banks’ effective demand to be
less then the total surplus liquidity. Surplus banks then have to be indifferent between lending
out liquidity and injecting liquidity into purchased assets. The interest rate is hence y R/I, which
is the return from injecting liquidity into assets purchased (at zero price).

The new equation for a bank’s expected return is

1 L7 (e)
W,'=RX,~+(1—X,-)—§/R[X,'——}ds

I
&
1 B L) B
_Z R+ Rl x, = = —11)da
2 / (y Lt [ T ID ’
~12
1 [ [Le) 1 L*(e)
—i——/R i 7 X |de+ = / vR| 2 x| de. (40)
2 I 2 I
& —1/2

The first part, RX; + (1 — X;), is the expected return on the bank’s portfolio if there were
no liquidity crises. The first and second integral are the losses from being a deficit bank in a
crisis (compared to not being in a crisis). The first integral gives the losses when the borrowing
constraint is not binding in a crisis (¢ > £). The interest rate is then R/[. Deficit banks thus do
not obtain any return on the assets they cannot finance with own liquidity (as in baseline model).
Thus, they lose the complete return on these assets: R[X; — L; (¢)/1]. The second integral relates
to the case when the borrowing constraint is binding in a crisis (¢ < £). A deficit bank loses then
y R/[ on all projects that can be financed through borrowing B; and completely loses the return
on the remaining deficit projects (X; — L; (¢)/l — B;/1) because those cannot be continued at
the bank. The third and fourth integral represent the gains for surplus banks in a crisis. They arise
because surplus banks can make use of their surplus liquidity (Lf(s) — X;l). The gains depend
on whether the borrowing constraint is binding or not. When the constraint is not binding, all
surplus liquidity can be lend out at R/[ (third integral). When the constraint is not binding,
surplus banks either lend out or use the liquidity to finance projects from other banks, which
both yields a return of y R/ (fourth integral).

We can rearrange (40) to

Lp- +
5 (L; (8)Z+L, (8))}18

&
Wi=RX;+ (1 —-X;)— f R|:X,'—
)

: g1 R[L© _y By 41
a8, “
“1ip

showing that there are two types of costs of liquidity shortages here. First, in a crisis X; —
%(Li_(s) + L?‘(s)) /1 projects have to be liquidated because of the aggregate shortage (first
integral). Second, when ¢ < &, there are additionally also inefficient project discontinuations
at originating banks because the liquidity surplus cannot be fully lend out, amounting to
L;“(s)/l — X; — B; /I projects (second integral).
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From (41) we can derive a bank’s FOC for investment

&
; -1
aW’:R—l—le— +e de
0X; l

—1/2

—% /(1—y)R[_1+8+l(1_q)s—1]ds=0. (42)

—1/2

From integrating (41) over i we find that welfare is given by

- - +
W=RX+(—-X)— / R[X—w]ds (43)
—-1/2
1 2L (e) B
-3 /(l—y)R[ z —x—27]de. (44)

—1/2

We next analyze whether Propositions 1 to 5 still hold.

Proposition 1 (Underprovision of liquidity). Consider the impact of investment at bank i on
other banks. As in the baseline model, investment increases the return at which the marginal
shortage occurs (¢'(X;) > 0). But this has no longer welfare implications since there is no imper-
fection at the marginal liquidity shortage anymore. The same holds true for the return at which
the constraint starts binding (&): it increases (¢/(X;) > 0) but the additional imperfections are
only marginal. However, by increasing the aggregate shortage ¢ — ¢, investment reduces deficit
banks’ borrowing capacity B (B'(X;) < 0). This allows for less assets to be financed at their orig-
inating banks when ¢ < &, and thus causes more unnecessary project discontinuations. Hence,
there is a negative investment externality, from which it follows that there is overinvestment and
underprovision of liquidity.

Formally we have that the investment externality is

dw  aw; BWA,(X " 8W~/(X v BWB,(X '+ aw oW, BWB/(X )
_ iy M exy 4 O ) _9Wi oW )
dX; 9X; 0é ' 98 Y 9B YU 9X;  0X; 0B !

&

_ 1 (1 )RB/(Xi)”(X)d = 1(~ 1/2)1 )Rb ! 0 (45)
_5/ -y ] & (X; E——ES-I- / -y 7F< .
—1/2

Proposition 2 (Stability falls). Analogous to Eq. (16) we have that a bank’s return increases in
its degree of diversification

ow; 1
=5E+1/2)(A=y)R
86],‘ 2

Hence, a rise in diversification opportunities g will still raise diversification in the banking sys-
tem. Note that compared to the baseline model (Eq. (16)), diversification now brings lower gains
since 7 = & + 1/2 > & + 1/2. This is because there are now only inefficient project discontinua-
tions in a crisis when ¢ < €.

X.
Sl’ > 0. (46)
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Analogous to Eq. (17) we have that diversification raises the return on investment

d@OW/9X;) 1

g, 2

Therefore, banks will increase their investment following an improvement of diversification op-
portunities, implying that stability falls.

G+1/2)(1 —y)R% > 0. (47)

Proposition 3 (Ambiguous implications for banking efficiency). When there are costs C > 0
of being in a crisis, a bank’s return becomes (from Eq. (41))

Wi=RX;+(1-X;)— / R|:Xi_
-12

5 N '
—% /(I—V)R[Lil(g) —Xi—%]de—nC. (48)

3Ly (e) l+ L,-*(a))} i@

—1/2

The FOC for X; is unchanged and given by Eq. (42). Multiplying the FOC with X; and subtract-
ing from the bank’s return above gives

8 g
Wi=1+ / R/ld£+% /(1—y)R[—1/l+B,»/l]de—7rC. (49)
—1/2 —1/2
Integrating over i and using fol B; di =2B (from the definition of B) we get for welfare
é g
W=1+ / R/ld8+% /(l—y)R[—l/l—l—ZB/l]de—nC. (50)
—1/2 -1/2
Differentiating with respect to &, we have that welfare increases iff
R
i

Hence, we have on the one hand that efficiency increases if C =0 and y is close to one (the sec-
ond and the third term in (51) then vanish). On the other hand, efficiency falls if C is sufficiently
large.

1 R_, 1. R
+5(1=P)@B =D& @) = E+1/2)(1 = y)7h>C. 51)

Proposition 4 (Neutrality of a liquidity injection). Consider that the central bank commits
to a liquidity injection of Lcp > 0 in a crisis. Without an adjustment in banks’ portfolios, this
would reduce & (Eq. (18)). Now suppose that banks increase their investment X such that &
remains constant. What does this imply for £? Differentiating (38) with respect to X (holding &
constant) gives — %. This expression can be positive or negative. Hence, the impact on &
is ambiguous. From (42) we have then that the total impact of the liquidity injection (including
the assumed offsetting investment behavior) on the marginal return on investment dW; /9 X; is
undetermined (as compared to the original equilibrium) since & has remained constant. As the
marginal returns were zero before the injection (since the FOC was then fulfilled), it follows
that the marginal returns may now be smaller, larger, or equal to zero. Thus, it is undetermined
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whether and how banks would like to deviate from the a situation where & is unchanged. It
follows that the impact on the probability of a crisis is ambiguous.

Generally, a liquidity injection is hence not neutral but this has no direct welfare implications
here. This is because changes in the likelihood of aggregate liquidity shortages do not affect
welfare since inefficiencies only start when the borrowing constraint becomes binding.

Proposition 5 (Capital requirements). The optimal capital charge has to offset the investment
externality. From (45) we hence have

X2 > 0. (52)
The externality thus increases with &. The reason for this is that a higher € means that there
is a wider range of returns for which the borrowing constraint is binding. Using Eq. (38) and
&=1+1—1/X we obtain

- bo — (1 —gq)sX

e=14+1-1/X X . (53)
From (20) it can first be seen that & (and thus also the externality) does not depend on an in-
dividual bank’s diversification degree g;. This is for the same reasons as in the baseline model.
Second, the externality falls with ¢ (this follows from b > X, which is guaranteed by Eq. (39)).
The reason is that a more homogeneous banking system reduces the need to relocate liquidity,
which makes borrowing constraint becomes less binding (€ falls). This in turn reduces the range
of shocks for which there are investment externalities, thus lowering the total externality.

Moreover, when g becomes sufficiently large, the liquidity that has to be redistributed to

deficit banks becomes small and eventually vanishes. The borrowing constraint will then no
longer be binding (formally, & in Eq. (40) will be —1/2). As a result, the externality will be zero
(Eq. (52) for ¢ = —1/2) and hence there should not be a capital charge. This is in particularly
true for ¢ = 1, since banks are then identical ex post and there is then no surplus liquidity that
could be reallocated.

8—1~ 1/2)(1 Rb
—5(84‘ /2)(A—y) 7
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