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a  b  s  t  r  a  c  t

The  excessive  increase  of leverage,  i.e. the abuse  of debt  financing,  is considered  one  of  the  primary  factors
in  the  default  of financial  institutions  since  it amplifies  potential  investment  losses.  On  the other  side,
portfolio  diversification  acts to mitigate  these  losses.  Systemic  risk  results  from  correlations  between
individual  default  probabilities  that  cannot  be  considered  independent.  Based  on  the  structural  framework
by  Merton  (1974), we propose  a model  in  which  these  correlations  arise  from  overlaps  in banks’  portfolios.
Our  main  result  is the  finding  of  a critical  level  of diversification  that  separates  two  regimes:  (i) a safe
regime  in  which  a properly  chosen  diversification  strategy  offsets  the higher  systemic  risk engendered  by
increased  leverage  and  (ii)  a risky  regime  in  which  an  inadequate  diversification  strategy  and/or  adverse
market  conditions,  such  as  market  size,  market  volatility  and  time  horizon,  cannot  compensate  the  same
increase  in  leverage.  Our  results  are  of  relevance  for  financial  regulators  especially  because  the  critical
level  of  diversification  may  not  coincide  with  the  one  that  is  individually  optimal.
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1. Introduction

Systemic risk can be generally described as the risk that a fail-
ing agent (e.g. a bank in a financial system or a firm in a supply
system) causes the failure of other agents, such that failing cas-
cades encompass the whole system (Schweitzer et al., 2009). This
approach differs from other notions of risk (Embrechts et al., 2011)
which treat the default of individual agents as an extreme event
for which the probability is calculated regardless of the interac-
tion among economic agents. Instead, a systemic notion of risk
requires to explicitly take into account two ingredients: (a) the
stability of individual agents, and (b) the impact of interactions
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among agents on their mutual stability. We  apply this systemic
perspective to analyse the stability of a banking system, depen-
dent on the leverage and diversification of individual banks. The
stability condition (a) is commonly expressed by the composi-
tion of its balance sheet and measured by the bank’s leverage,
e.g. by the debt-to-asset ratio. For (b), we model the interactions
among agents via their common asset holdings. This represents
indirect interactions via the market when agents are exposed to
the same sources of risk. This approach could be extended to incor-
porate direct interactions via bilateral exposures (see Kiyotaki and
Moore, 2002). Models with direct interactions imply cascades of
defaults that propagate from a failing bank to all of its vulnera-
ble lenders. In this sense, we  provide a lower bound for systemic
risk.

To quantify stability, we calculate the individual default prob-
ability using the well established structural framework by Merton
(1974) in which the firm’s leverage plays a major role. This
approach has become popular among both academics and practi-
tioners due to its tractability and simplicity. For a survey see (Bohn,
2000). Moreover, the Financial Stability Board (FSB, 2010) recom-
mends it as a building block in establishing a regulatory framework
that can cope with risk from systemic linkages (see e.g., Saldías,
2012).
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We study the mutual impact of failing banks by calculating their
joint default probability (hereafter, “systemic default probability”)
based on their individual default probabilities (as defined by the
Merton framework), and their asset correlation.  The latter increases
with the level of diversification. Banks are risk-averse and hold a
diversified portfolio composed of an equally weighted combina-
tion of n� investment opportunities, also called projects. Therefore,
in a market with a finite number of (uncorrelated) projects, asset
correlation among banks increases with diversification due to over-
lapping portfolios.

In our paper, we particularly focus on the impact of leverage and
diversification on the systemic default probability, and their possi-
ble interdependence. Leverage refers to the practice of investors to
finance the acquisition of assets with debt in order to increase their
return on equity. Clearly, the leverage practices of economic agents
bear an impact on the system as a whole, however what amount of
leverage can be considered “normal” or “safe” from a systemic per-
spective is currently unknown.1 For example, in periods of booms
it is natural and desirable to increase leverage, since, in upturn,
real prospects for gain are improving. Conversely, such increased
leverage would arguably increase systemic risk if applied in periods
of market downturn. Nevertheless, there have been attempts by
the EU Parliament and EU Council (2013) to quantify a benchmark
level of leverage, based on a 5-year observation period starting from
January 2013. In this paper, we do not argue for what the normal
or optimal level of leverage may  be. Instead, we study the effects
of any increase in leverage on the systemic default probability and
explore how diversification can act to oppose these effects.

The main hypothesis in our paper is that under optimal con-
ditions diversification can compensate some of the hazards of
increase in leverage. We  identify two different regimes: (i) a safe
regime in which a properly chosen diversification strategy offsets
the higher systemic default probability engendered by increased
leverage and (ii) a risky regime in which an inadequate diversifi-
cation strategy and/or adverse market conditions, such as market
size, market volatility and time horizon, cannot compensate the
same increase in leverage.

The boundary between these two regimes is given by a critical
number of projects, n̂(fn, fh, N, �), which depends on the market
size N, the market conditions, � (which also includes the volatility
and the time horizon), and two leverage levels – a lower level fl
and a higher level fh. The safe regime is given by n ≥ n̂,  whereas
the risky regime is the opposite. We  show that, especially in pres-
ence of high monitoring and transaction costs, the system can be
under-diversified, i.e., n� < n̂.  Moreover, we show that n̂ increases
with N. This last result seems to be counter intuitive, as one would
expect that broader markets, in which banks can choose from a
bigger pool of projects, allow for better diversification possibilities.
However, larger markets reduce the effectiveness of diversification
because they bear more risks which have to be compensated. Con-
sequently, to eliminate the same proportion of risk, diversification
has to increase. As a result, in larger markets, banks should diversify
more to remain in the safe regime.

Next, we show that increase in leverage expands the risky
regime and therefore the critical level of diversification. Inter-
estingly, there is not always a combination of leverage and
diversification to reach the safe regime. Even with increasing mar-
ket size, adverse market conditions may  prevent this, thus the
systemic default probability is not reduced.

Our results about a critical level of diversification can be used for
improving macro-prudential regulations, for example by enforcing

1 It may  even be unknowable, given the inherent complexity of financial systems.

a ceiling to the level of leverage as recently advanced by several
international bodies, see e.g. the regulation N.575/2013 of the EU
Parliament and EU Council (2013).

1.1. Related literature

In addition to the literature cited above, our paper contributes
to the following research lines. First, we  show a different way of
how the well established Merton (1974) model can be applied to
studying joint defaults.

Second, we extend the previous literature on the optimal diver-
sification level to a system context. Since the pioneering work of
Evans and Archer (1968), the question of the optimal diversifica-
tion level has been answered by determining the rate at which
risk-reduction benefits are realised as the number of stocks in an
equally weighted portfolio is increased. This benchmark is the so-
called, 1/n or naive rule. Previous studies consider an unlevered
portfolio and measure the benefit of diversification with respect to
the portfolio variance (or standard deviation) see e.g., Johnson and
Shannon (1974), Elton and Gruber (1977), Bird and Tippett (1986),
Statman (1987), DeMiguel et al. (2009), Maillard et al. (2010), Pflug
et al. (2012). Differently from those studies, we extend the standard
marginal volatility analysis applied to single portfolios to a marginal
(joint) default analysis applied to multiple levered portfolios. Third,
our work complements existing literature that recently started to
investigate the role of risk diversification for the stability of the
financial system (Battiston et al., 2012; Wagner, 2009; Stiglitz,
2010; Goldstein and Pauzner, 2004). Finally, our paper is related
to the literature on asset commonality (i.e., common asset hold-
ing). Indeed, asset commonality is widely considered to have been
the primary vector of contagion in the recent 2007–2008 U.S. finan-
cial crisis. Stein (2009) identifies “crowding”, or similar portfolios
among sophisticated investors, as a risk in financial markets and
Brunnermeier and Sannikov (2010) identify portfolio overlaps as a
destabilising mechanism in financial markets. According to Allen
et al. (2012) banks swap assets to diversify their individual risk. In
so doing, they increase systemic risk.

2. Model

2.1. Basic setup

We  extend the Merton (1974) framework to a set of M banks
such that for each bank i ∈ M the following balance-sheet identity
holds true at any time t

ai(t) = hi(T) + ei(t) (1)

where ai(t) is the market value of bank i’s assets. hi(T) is the
promised payment of its liabilities at maturity date T.2 Finally, ei(t)
is the equity value which keeps the two sides of the balance sheet
even. The debt-to-asset ratio, hi(T)/ai(0) : = fi(0) = fi ∈ (0, 1) captures
the different capital structure between banks and 1/fi can be seen
as an approximate measure of the credit quality of a bank.

The universe of investment opportunities is composed by the
set {1, . . .,  N} of risky projects, i.e. activities related to the real-
economy such as loans to firms and households, infrastructure
projects, or real-estate investments. Each of these projects has a
certain price value per unit, �l(t) at time t. As in Merton (1974), the

2 The equation indirectly assumes only one seniority of bonds with the same
maturity date T.
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