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Motivation

Proli�c research �eld at the crossroads of banking,
macroeconomics, econometrics, network theory, mathematical
�nance, etc.

Cross-fertilization between academic research and regulation.

Regulators need measures of systemic risk that capture
well-identi�ed economic mechanisms and can be used as
inputs for regulatory tools.

Our angle di¤ers from existing surveys (e.g. De Bandt,
Hartmann and Peydro, 2012, Bisias et al., 2012) as we focus
on matching (i) sources of systemic risk, (ii) regulatory
tools, and (iii) systemic risk measures.
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De�nition (systemic risk)

We de�ne systemic risk as the risk that many market participants
are simultaneously a¤ected by severe losses, which then spread
through the system.

This de�nition can apply to a huge number of papers, of which we
survey 205, published over the past 35 years.
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Two main approaches in the literature

1 A �rst family of papers looks at speci�c sources of systemic
risk (systemic risk taking, contagion, ampli�cation).

2 A second family of papers derives global measures of
systemic risk, potentially encompassing all the mechanisms
studied in the �rst group of papers.

S. Benoit, J.-E. Colliard, C. Hurlin and C. Pérignon

Where the Risks Lie: A Survey on Systemic Risk



Introduction Sources of Systemic Risk Systemic Risk Measurement Conclusion

S. Benoit, J.-E. Colliard, C. Hurlin and C. Pérignon

Where the Risks Lie: A Survey on Systemic Risk



Introduction Sources of Systemic Risk Systemic Risk Measurement Conclusion

Outline of the survey

1 Sources of systemic risk: systemic risk-taking, contagion,
and ampli�cation mechanisms.

2 Regulation: tools proposed to mitigate systemic risk
concerns.

3 Systemic risk measurement: (1) current methodology of
the FSB to identify SIFIs, (2) measures speci�c to a given
source of systemic risk, and (3) global measures.

4 Comparison of systemic risk measures: Derive popular
systemic risk measures in a uni�ed framework and study their
added value compared to standard market risk measures.

5 Validation of systemic risk measures.

S. Benoit, J.-E. Colliard, C. Hurlin and C. Pérignon

Where the Risks Lie: A Survey on Systemic Risk



Introduction Sources of Systemic Risk Systemic Risk Measurement Conclusion

Framework

Consider N �nancial institutions, each with a risk exposure xi .

A proportion αi of the exposure concerns a systematic risk
factor, while 1� αi concerns a risk factor idiosyncratic to i .

Denote ySi = αixi the systematic exposure and
y Ii = (1� αi )xi the idiosyncratic exposure of institution i .

We also denote yS = ∑N
i=1 y

S
i the cumulative exposure to

systematic risk for all institutions.
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Framework (continued)

Financial institutions have direct links among each other
(interbank loans or derivatives), given by a N �N matrix B,
whose elements bi ,j denote how much i is exposed to j .

The returns on the systematic and i�s idiosyncratic factors are
ρS + εS and ρi + εi , respectively, where ρS and ρi are
constants, while εS and all the εi are i.i.d.with zero mean.
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De�nition (benchmark payo¤)

We de�ne the benchmark payo¤ π̂i as what i would receive if
there were no other institutions in the system:

π̂i = π̂i (ySi , y
I
i , ε

S , εi )

Example (benchmark payo¤)

For illustration, a simple speci�cation could be:

π̂i = (ρ
S + εS )� ySi + (ρi + εi )� y Ii
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De�nition (actual payo¤)

Denoting πi the actual payo¤ of i , E I , Y S , and Y I , the N � 1
vectors of idiosyncratic shocks, systematic exposures, and
idiosyncratic exposures, respectively, πi is given by:

πi (Y S ,Y I ,B, εS , E I )

Remark: A de�ning characteristic of systemic risk is that:

πi (Y S ,Y I ,B, εS , E I ) 6= π̂i (ySi , y
I
i , ε

S , εi )
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1. Systemic risk-taking mechanisms

These mechanisms explain the distribution of the xi and the
αi in the system.

Financial institutions endogenously choose a risk exposure xi
and its systematic component αixi that di¤er from their
welfare-maximizing values.
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2. Contagion mechanisms

The payo¤s of two institutions are positively correlated, even
when there is no systematic shock:

Cov(πi ,πj jεS = 0) > 0

These mechanisms work through the matrix of links B.
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3. Ampli�cation mechanisms

Ampli�cation mechanisms explain why small shocks can turn
into large losses if they a¤ect many institutions.

One example is deleveraging: A small negative shock εS hits
the institutions with a high ySi , they need to sell their assets
and exert a price impact that worsens the losses to other
market participants, and so on.

The e¤ect of a systematic shock εS is greater when the
cumulative exposure to this shock yS is larger:

∂2E(πi )

∂εS ∂yS
> 0
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Systemic risk measures

We review a large number of measures, classi�ed in three groups:

1 the one currently implemented by the regulators,

2 structural measures that target a speci�c channel of
transmission,

3 global measures, potentially encompassing several/all
channels of transmission.
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Regulatory approach

The scoring methodology developed by the BCBS aggregates
information about �ve categories of systemic importance:

size, cross-jurisdictional activity, interconnectedness,
complexity, lack of available substitutes for the services provided.

In order not to favor any particular facet of systemic risk, the
BCBS aims to give the same importance to each input.

This method is currently implemented to identify the SIFIs
and allocate them in di¤erent buckets.
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Regulatory approach (continued)

Let each bank i , for i = 1, . . . ,N, be characterized by K
inputs or categories denoted Xi1, . . . ,XiK .

De�nition (systemic score)

The systemic risk score for bank i , denoted Si , is then de�ned as a
simple average of these K inputs:

Si =
1
K

K
∑
j=1
�xij

where xij =
�
Xij/ ∑N

n=1 Xnj
�
� 100 corresponds to the relative

value (in percentage) of input j for bank i .
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Regulatory approach (continued)

An unintended consequence is that that the resulting systemic
risk score will be mechanically dominated by the most
volatile categories.

Scores, ranking of banks, and extra capital bu¤ers are driven
by a subset of variables only.

BCBS (2013): "apply a cap on the substitutability category
score because this category has too high an impact on the
�nal score".

S. Benoit, J.-E. Colliard, C. Hurlin and C. Pérignon

Where the Risks Lie: A Survey on Systemic Risk



Introduction Sources of Systemic Risk Systemic Risk Measurement Conclusion

Solution (corrected score)

One potential correction for the above-mentioned bias is to
standardize by their volatility the variables that enter into the
de�nition of the index

Si =
1
K

K
∑
j=1
�xij
σj

where σj corresponds to the cross-sectional variance of input j.
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Systemic risk measures proposed in the academia

1 Speci�c sources of systemic risk (contagion, bank runs,
liquidity crises, etc.). This source-speci�c approach relies on
qualitative models, which deliver predictions that can be
con�rmed by empirical analyses, often based on supervisory
data (e.g. Greenwood, Landier and Thesmar, 2014).

2 Global measures of systemic risk (e.g. SRISK and ∆CoVaR),
potentially encompassing all the mechanisms studied in the
other group of papers.
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Global measures: Pros

Easily computed in real-time using market data (see V-Lab).

Could replace a host of complex macroprudential tools by a
simple Pigouvian systemic risk tax.
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Global measures: Cons

Not completely transparent on the causes of systemic risk.

May appear hazardous to base regulation on global measures
without a clear understanding of the risks they capture and
the ones they overlook.

Strongly related to standard market risk measures.
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Framework

Consider a bivariate GARCH process for the vector of demeaned
returns r 0t = (rmt rit ):

rt = H
1/2
t νt

where ν0t = (εmt ξ it ) is i.i.d. with E (νt ) = 0 and E (νtν
0
t ) = I2,

and:

Ht =
�

σ2mt σit σmt ρit
σit σmt ρit σ2it

�
We assume that the innovations εmt and ξ it are independently
distributed at time t.

S. Benoit, J.-E. Colliard, C. Hurlin and C. Pérignon

Where the Risks Lie: A Survey on Systemic Risk



Introduction Sources of Systemic Risk Systemic Risk Measurement Conclusion

Proposition (MES)

The MES of a given �nancial institution i is proportional to its
systematic risk, as measured by its conditional beta:

MESit (α) = βit ESmt (α)

where βit = ρitσit/σmt denotes the time-varying beta of �rm i and
ESmt (α) = Et�1 (rmt j rmt < C ).
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Proposition (CoVaR)

Under these assumptions, the ∆CoVaR of a given �nancial
institution i depends on its tail risk, as measured by its VaR:

∆CoVaRit (α) = γit [VaRit (α)� VaRit (0.5)]

where γit = ρitσmt/σit . If the marginal distribution of the returns
is symmetric around zero, ∆CoVaR is:

∆CoVaRit (α) = γit VaRit (α) .
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Empirical illustration

Same estimation methods as in the original articles presenting
the MES and ∆CoVaR.

Same sample as in Acharya, Pedersen, Philippon, and
Richardson (2010).

This sample contains all US �nancial �rms with a market
capitalization greater than $5 billion as of end of June 2007.

Sample period, January 3, 2000 - December 31, 2010.
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Concluding remarks

Many methodologies are now available to identify di¤erent
sources of systemic risk and will produce new regulatory or
policy tools.

What is less clear however is how to link the measures
produced by these tools to regulatory interventions.

The quest for a global risk measure that encompasses
di¤erent sources of systemic risk and yet produces a
single/simple metric that can directly be used for regulation
(tax or capital surcharge) is still ongoing. Could align
systemic risk banks�interests with social optimum.

Reasons to remain optimist as more data are becoming
available (Data Gaps Initiative).
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