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a b s t r a c t

When setting banks’ regulatory capital requirement based on their
contribution to the overall risk of the banking system we have to
consider that the risk of the banking system as well as each bank’s
risk contribution changes once bank equity capital gets reallocated.
We define macroprudential capital requirements as the fixed point
at which each bank’s capital requirement equals its contribution to
the risk of the system under the proposed capital requirements.
We use a network based structural model to measure systemic risk
and how it changes with bank capital and allocate risk to individual
banks based on five risk allocation mechanisms used in the litera-
ture. Using a sample of Canadian banks we find that macropruden-
tial capital allocations can differ by as much as 25% from observed
capital levels, are not trivially related to bank size or individual
bank default probability, increase in interbank assets, and differ
substantially from a simple risk attribution analysis. We further
find that across all risk allocation mechanisms macroprudential
capital requirements reduce the default probabilities of individual
banks as well as the probability of a systemic crisis by about 25%.
Macroprudential capital requirements are robust to model risk and
are positively correlated to future capital raised by banks as well as
future losses in equity value. Our results suggest that financial sta-
bility can be substantially enhanced by implementing a systemic
perspective on bank regulation.
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Under our plan . . . financial firms will be required to follow the example of millions of families across the
country that are saving more money as a precaution against bad times. They will be required to keep
more capital and liquid assets on hand and, importantly, the biggest, most interconnected firms will
be required to keep even bigger cushions. US Treasury Secretary Geithner (2009)

1. Introduction

The recent financial crisis has demonstrated the adverse effects of a large scale breakdown in finan-
cial intermediation for banks as well as the overall economy. Government intervention and the bail-
outs of failed institutions were driven by a concern that the default of a large bank would trigger a
chain reaction of insolvencies in the financial sector, causing far greater damage to the banking system
than the initial bank’s default.1 Through contagion, systemic risk is created endogenously within the
banking system, on top of the risk from the banking sector’s outside investments. However, the systemic
risk that is created by each bank and thus the adverse consequences that a bank’s failure or financial dis-
tress brings for other banks as well as the economy as a whole are not considered in current bank reg-
ulation. All bank regulation is currently aimed at the individual bank level, even though academics,
international institutions, and central bankers have argued for some time that bank regulation should
be designed from a system, or macroprudential perspective to reduce the amount of endogenously cre-
ated systemic risk.2 We investigate one possible regulatory mechanism, macroprudential capital require-
ments, which require each bank to hold a buffer of equity capital that corresponds to the bank’s
contribution to the overall risk of the system. These capital requirements force a bank to internalize some
of the externalities that it creates for the banking system and thus reduce the endogenously created risk
in the financial system.

Macroprudential capital requirements differ from risk attribution analysis as it is used in portfolio
or risk management. In the latter setting we want to compute risk contributions of assets for a given
portfolio with an exogenous level of overall risk. In a banking system both the overall risk and each
bank’s contribution are endogenous and depend on the banks’ equity capital. Reallocating bank capital
changes the banks’ default probabilities, their default correlations, and thus changes the overall risk of
the banking system and each bank’s risk contribution. In specifying macroprudential capital require-
ments we therefore have to follow an iterative procedure to solve for a fixed point at which each
bank’s capital is consistent with its contribution to the total risk of the banking system under the pro-
posed capital allocation. To the best of our knowledge, this is the first paper to derive capital require-
ments with explicitly considering the endogeneity of overall systemic risk. We thus extend a
traditional risk attribution analysis that measures systemic risk and risk contributions for the cur-
rently observed capital levels by one important step to define consistent macroprudential capital
requirements that can be used for bank regulation.

We derive macroprudential capital requirements as a fixed point using five risk allocation mecha-
nisms: component and incremental value-at-risk from the risk management literature Jorion (2007),
an allocation mechanism using Shapley values, the DCoVaR measure introduced by Adrian and Bru-
nnermeier (2010), and the Marginal Expected Shortfall (MES) used by Acharya et al. (2010b).

To find the fixed point at which risk contributions equal capital requirements we use a network
based structural model, which is calibrated using regulatory data on bank loan portfolios and inter-
bank exposures, to analyze how overall risk in the banking system changes when capital requirements
change. The network model can take advantage of our unique data set and explicitly models spillover
and contagion effects through network and asset fire sale externalities similar to the models used by
many central banks to assess systemic stability. We start with a macro stress scenario under which
PDs across all sectors of the economy increase affecting all banks’ loan portfolios. Conditional on
the macroeconomic shock, we simulate loan losses for each bank using a portfolio credit risk model.
Following Cifuentes et al. (2005) we assume that banks with an insufficient regulatory capital ratio
start selling assets to a market with inelastic demand and the resulting drop in prices forces other

1 Acharya and Yorulmazer (2007) derive a theoretical model to analyze bail out policy and ex-ante herding behavior by banks.
2 See e.g. Crockett (2000), Acharya (2001), Borio (2002), or Hanson et al. (2011).
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