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Systemic risk in banking ecosystems
Andrew G. Haldane1 & Robert M. May2

In the run-up to the recent financial crisis, an increasingly elaborate set of financial instruments emerged, intended to
optimize returns to individual institutions with seemingly minimal risk. Essentially no attention was given to their
possible effects on the stability of the system as a whole. Drawing analogies with the dynamics of ecological food
webs and with networks within which infectious diseases spread, we explore the interplay between complexity and
stability in deliberately simplified models of financial networks. We suggest some policy lessons that can be drawn from
such models, with the explicit aim of minimizing systemic risk.

I

n the 1960s, the notion of the ‘balance of nature’ played a significant
part as ecologists sought a conceptual foundation for their subject. In
particular, Evelyn Hutchinson1, following Elton2, suggested that
‘‘oscillations observed in arctic and boreal fauna may be due in part to
the communities not being sufficiently complex to damp out oscillations’’.
He went on to state, based on a misunderstanding of MacArthur’s3 paper,
that there was now a ‘‘formal proof of the increase in stability of a community as the number of links in its food web increases’’.
To the direct contrary, however, a closer examination of model ecosystems showed that a random assembly of N species, each of which had
feedback mechanisms that would ensure the population’s stability were
it alone, showed a sharp transition from overall stability to instability as
the number and strength of interactions among species increased. More
explicitly, for N ? 1 this transition occurs once ma2 . 1, where m is the
average number of links per species, and (6) a their average strength4.
In ecology this has, since the 1970s, prompted a search for special
food-web structures that may help reconcile complexity with persistence
or stability5–8. Along these lines there is, for example, tentative evidence
for modularity9 (particularly in plant–pollinator associations, where
linkages tend to be overdispersed or disassociative), and more generally
for nested hierarchies in food webs10. The fact that some features of the
network structure of interactions (such as predator/prey ratios) inferred
from the Burgess Shale communities are similar to those in present day
ones11 reinforces hopes that this is a meaningful area of research.
In the wake of the global financial crisis that began in 2007, there is
increasing recognition of the need to address risk at the systemic level, as
distinct from focusing on individual banks12,13. This quest to understand
the network dynamics of what might be called ‘financial ecosystems’ has
interesting parallels with ecology in the 1970s. Implicit in much economic thinking in general, and financial mathematics in particular, is
the notion of a ‘general equilibrium’. Elements of this belief underpin,
for example, the pricing of complex derivatives. But, as shown below,
deeper analysis of such systems reveals explicit analogies with the concept that too much complexity implies instability, which was found
earlier in model ecosystems.
There are, of course, major differences between ecosystems and
financial systems. For one thing, today’s ecosystems are the winnowed
survivors of long-lasting evolutionary processes, whereas the evolution
of financial systems is a relatively recent phenomenon14. Nor have
selective pressures been entirely dispassionate, with the hand of government a constant presence shaping financial structures, especially among
institutions deemed ‘‘too big to fail’’15. In financial ecosystems, evolutionary forces have often been survival of the fattest rather than the
fittest.
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In what follows, we first consider the role of the growth in intrafinancial
system claims in generating bank failure and instability, focusing on the
problems inherent in prevailing methods of pricing complex derivatives, or
arbitrage pricing theory (APT). Second, we sketch various ways in which
such an initial bank failure, or ‘shock’, may propagate to cause cascades of
subsequent failure. Third, we outline some tentative policy lessons that
might be drawn from these deliberately oversimplified models. Last, we ask
how we might reshape the financial system to realize the economic benefits
individual banks can deliver, while at the same time paying deliberate and
explicit attention to their system-wide stability.

Potential causes of an initial shock
Events external to the banking system, such as recessions, major wars, civil
unrest or environmental catastrophes, clearly have the potential to depress
the value of a bank’s assets so severely that the system fails. Although
probably exacerbated by such events, including global imbalances (China
as producer and saver, the United States as consumer and debtor), the
present crisis seems more akin to self-harm caused by overexuberance
within the financial sector itself. Perhaps as much as two-thirds of the
spectacular growth in banks’ balance sheet over recent decades reflected
increasing claims within the financial system, rather than with nonfinancial agents. One key driver of this explosive intrasystem activity
came from the growth in derivative markets.
In 2002, when Warren Buffet first expressed his view that ‘‘derivatives are
financial weapons of mass destruction’’16, markets—although booming—
seemed remarkably stable. Their subsequent growth, illustrated in Fig. 1,
has been extraordinary, outpacing the growth in world gross domestic
product (GDP) by a factor of three. In some derivatives markets, such as
credit default swaps (CDS), growth has outpaced Moore’s Law. These
developments contributed significantly towards an unprecedented influx
of mathematically skilled people (quantitative analysts) into the financial/
banking industry. These people produced very sophisticated techniques (including APT), which seemingly allowed you to put a price on
future risks, and thus to trade increasingly complex derivative contracts—
bundles of assets—with risks apparently decreasing as the bundles grew.
However, recent empirical and theoretical studies have indicated that
the trading activity associated with derivatives can have significant effects
on markets17–19. More specifically, Brock and colleagues20 have shown that
proliferation of hedging instruments can destabilize markets. Building on
this, Caccioli and colleagues21 note that APT makes several conventional
assumptions upon which everything else depends: ‘‘perfect competition,
market liquidity, no-arbitrage and market completeness’’. Crucially, this
adds up to the implicit assumption that trading activity has no feedback
on the dynamical behaviour of markets. And indeed, in the APT-fuelled
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