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Motivation

The recent financial crisis has highlighted the interconnected
nature of the global financial system and the need to identify the
systemic risk in the global financial network and to design policy
measures capable of assessing and thus perhaps containing
system-wide distress.

The current banking network literature typically relies on indirect
measurements (stock returns, stock return volatilities, etc). We
contend that systemic risk analysis should focus on
interconnected default risks.

Ideally, the analysis should cover the entire global banking
system, which also allows for narrowly focussed interest.
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The contribution

Data: a global network of 1000+ banks.

Measurement
Probability of default (PD) is a direct measure of financial distress.
Forward-looking default correlations are specific to a horizon of
interest and dynamically respond to the state of the economy.

Methodology
Partial correlations are deployed to disentangle the direct
connection between two parties not via third parties.

Group-centric local banking communities allowing for overlapping.

Network centrality measures and systemic importance ranking:
degree centrality; connection-strength centrality; eigenvector
centralities; weighted eigenvector centralities with node and
edge characteristics
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The CRI Probability of Default (PD)

The Credit Research Initiative’s (CRI) Probability of Default (PD) measures
the likelihood that an individual obligor is unable to fulfill its financial
obligations (Duan et al., Journal of Econometrics, 2012). The CRI PD has
term structures from 1 to 60 months, and it is now available for over 60,000
exchange-listed firms in 119 economies.
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Forward-looking default correlations

Duan and Miao (Journal of Business & Economic Statistics, 2016)
propose a method to model default correlations:

1 global and 10 sectoral credit cycle indices are generated from
the individual 1-month PDs in the CRI database. Another set of 11
credit cycle indices based on 1-month POEs are also generated.
The individual PDs and POEs are connected to the credit cycle
indices through a factor model while allowing for sparse local
correlations among residuals.
The credit cycle indices follow a VAR(1) model on monthly.
The individual PDs are mainly correlated through the common
credit cycle drivers and their evolution over time.
With this model in place, one can simulate future 1-month PDs
and POEs from one point in time over any specified horizons, and
then deduce future PDs of any duration of interest.
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Forward-looking vs historical default correlations

Historical default correlations will certainly face the missing data
problem, but forward-looking correlations won’t because they are
generated by simulation according to a model.

Historical default correlations are hard to match with the horizon of
interest, but forward-looking correlations can be computed for any
horizon of interest.

Historical default correlations are average co-movements which
don’t reflect the current market condition well, but forward-looking
correlations do reflect the current market condition via the credit
cycle indices.
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Partial default correlations

Partial correlation measures the direct connectedness between two
parties not via third parties.
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Partial default correlations

We use the CONCORD algorithm (Khare et al., 2015; Oh et al., 2014)
to regularize the partial correlation matrix to achieve sparsity.

We allow no ’orphan’ banks to appear.

The CONCORD objective function is:

Qcon(Ω) =
N
2

{
−ln[det(Ω2

D)] + tr(SNΩ2) + λ‖ΩX‖1
}

where Ω is the inverse of the correlation matrix to be solved, SN is the
sample correlation matrix, Ω = ΩD + ΩX where ΩD and ΩX are
matrices containing Ω’s diagonal and off-diagonal elements.

P is the partial correlation matrix and its entries can be computed
using the elements of Ω with the formula: − ωij√

ωiiωjj
.
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The global network of 1275 banks based on partial
default correlations (December 2014)
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The NY-centered banking community based on partial
default correlations (August 2008)

Duan, 10/2016 (www.rmi.nus.edu.sg/duanjc/) Banking Network and Systemic Risk ... 10 / 19



Network centrality measures

PX : equal to the n × n partial correlation matrix P except that its
diagonal elements are set to 0.

A: adjacency matrix with entries of 0 and 1, depending on whether
their corresponding elements in PX equal 0 or not.

Degree Centrality: number of connected parties in the network.

Connection Strength Centrality: i−th row sum of |PX | divided
by n.

Eigenvector Centrality: eigenvector of A that corresponds to the
largest eigenvalue.

Connection-Strength Eigenvector Centrality: eigenvector of
|PX | that corresponds to the largest eigenvalue.
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Network centrality measures

Eigenvector centrality:

Ax = λx

According to the Perron-Frobenius theorem, the non-negative matrix A
will have its largest eigenvalue being positive and its corresponding
eigenvector is a non-negative vector. The values in this eigenvector
are the centrality scores of the members of the network.

Connection-strength eigenvector centrality:

|PX |x = λx
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Network centrality measures

qi : size of the bank, measured by total asset in USD, over the total size
of the banking network.

Q: diagonal matrix with qi being its i−th diagonal element.

When taking node characteristics into account, we have two novel
centrality measures:

Weighted Eigenvector Centrality: eigenvector of QAQ that
corresponds to the largest eigenvalue.

Weighted Connection-Strength Eigenvector Centrality:
eigenvector of Q|PX |Q that corresponds to the largest eigenvalue.
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Systemic importance rankings of the NY-centered
banks (August 2008)

Duan, 10/2016 (www.rmi.nus.edu.sg/duanjc/) Banking Network and Systemic Risk ... 14 / 19



Systemic importance rankings of FSB G-SIBs
(December 2014)
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Application I: The systemic ranking methodology
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Application II: CriSIFI

The CRI will release its systemic importance ranking CriSIFI (CRI
Systemic Important Financial Institutions) for the world’s
exchange-listed banks and insurance companies (around 1,200 banks
and 400 insurers) by the end of 2016.
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Future Research

Systemic risk and capital requirement: translating systemic risk
rankings into dollar values.

Banking network and individual systemic importance under
what-if scenarios.
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