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Disclaimer

This presentation should not be reported as representing the views
of Norges Bank. The views expressed are those of the authors only
and do not necessarily reflect those of Norges Bank.
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Intro

Assessing interconnectedness (BCBS GSIB framework)

Indicator-based measurement approach Table 1
Category (and weighting) Individual indicator Indicator weighting
Cross-jurisdictional activity (20%) Cross-jurisdictional claims 10%
Cross-jurisdictional liabilities 10%

Size (20%) Total

leverage ratio

he Basel Il

20%

Connectedness (20%) Intra-financial system assets 6.67%

Intra-financial system liabilities 6.67%

Securities outstanding 6.67%

Substitutability/financial e lorcuctad 6.67%

S o

institution infrastructure (20%) Payments activity 6.67%
Underwritten transactions in debt and equity 6.67%
markets

Complexity (20%) Notional amount of over-the-counter (OTC) 6.67%
derivatives
Level 3 assets 6.67%
Trading and available-for-sale securities 6.67%
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Interconnectedness and bank stress tests

® How can we quantify the notion of “interconnectedness" for
Systemically Important Financial Institutions?

® Are there other factors beyond the size of portfolios that
matter?
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Interconnectedness and bank stress tests

® How can we quantify the notion of “interconnectedness" for
Systemically Important Financial Institutions?

® Are there other factors beyond the size of portfolios that
matter?

® Bank stress tests have become an essential component of
bank supervision (EU-wide EBA stress tests, Dodd-Frank tests
(DFAST, CCAR)).

® Static balance sheet assumption: Stress tests assume 'passive’
behaviour by banks. l.e no liquidations, no other distressed
reactions.
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Interconnectedness and bank stress tests

® How can we quantify the notion of “interconnectedness" for
Systemically Important Financial Institutions?

® Are there other factors beyond the size of portfolios that
matter?

® Bank stress tests have become an essential component of
bank supervision (EU-wide EBA stress tests, Dodd-Frank tests
(DFAST, CCAR)).

® Static balance sheet assumption: Stress tests assume 'passive’
behaviour by banks. l.e no liquidations, no other distressed
reactions.

® Modular approach: (i) When do institutions engage in
distressed liquidations? (ii) How do they go about liquidating
their portfolio? (iii) How do prices move due to fire sales?
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Bipartite network of institutions and asset holdings

Indirect exposures across institutions through common asset
holdings

Monitoring Indirect Contagion R. Cont and E. Schaanning



The EU indirect contagion network (2016)
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Literature

¢ Portfolio overlaps (Guo et al., 2015), (Braverman and
Minca, 2016) (Beale et al., 2011), (Caccioli et al., 2015),
(Getmansky et al., 2016a).

® Stress testing (Bookstaber et al., 2013), (Bookstaber et al.,
2014), (Cont and Schaanning, 2016), (Breuer and Summer,
2017) (Calimani et al., 2016), (Anderson, 2016).

® Market-based measures (Adrian and Brunnermeier, 2016),
(Brownlees and Engle, 2016), (Kritzman et al., 2011),
(Acharya et al., 2017).
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Modeling fire sales

Portfolios and portfolio constraints
e llliquid holdings of institution i: ©' := YK @ .
® Marketable Securities held by i: M’ := /Iyzl nis
® Equity (Tier 1 capital): C’
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Modeling fire sales

Portfolios and portfolio constraints

Illiquid holdings of institution i: © := YK  @'% .
Marketable Securities held by i: M := /Iyzl ni
Equity (Tier 1 capital): C'

Financial institutions are subject to various one-sided
portfolio constraints: leverage- , capital- , liquidity ratio.
Leverage ratio of i:

;. Assets(i) O+

)\’ < )\max

C ¢~
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Modeling fire sales

Portfolios and portfolio constraints

Illiquid holdings of institution i: © := YK  @'% .
Marketable Securities held by i: M := /Iyzl ni
Equity (Tier 1 capital): C'

Financial institutions are subject to various one-sided
portfolio constraints: leverage- , capital- , liquidity ratio.
Leverage ratio of i:

;. Assets(i) O+

A <

C’ C’ — )\max

A stress scenario is defined by a vector € € [0, 1]K whose
components ¢, are the percentage shocks to asset class k.
Initial /Direct loss of portfolio i: Li(¢) = e.©' =", /¢,
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Modeling fire sales

Portfolios and portfolio constraints

Illiquid holdings of institution i: © := YK  @'% .
Marketable Securities held by i: M := /Iyzl ni
Equity (Tier 1 capital): C'

Financial institutions are subject to various one-sided
portfolio constraints: leverage- , capital- , liquidity ratio.
Leverage ratio of i:

;. Assets(i) O+

A <

C’ C’ — )\max

A stress scenario is defined by a vector € € [0, 1]K whose
components ¢, are the percentage shocks to asset class k.
Initial /Direct loss of portfolio i: Li(¢) = e.©' =", /¢,
Reaction: Proportional or optimised (loss-minimising)
deleveraging.
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Modeling fire sales

Price impact as function of volume
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Monitoring Indirect Contagion:
The Endogenous Risk Index
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Monitoring Indirect Contagion

Portfolio overlaps as drivers of price-mediated contagion

For W, (x) = D , where D, = cADV“f the indirect loss of bank
i resulting from deleveraging by otﬁer banks becomes:

N
FLoss' —ZZ J:ZQijrja
j=1

j=1p=1

I_II

Q2

where Q;; is the liquidity-weighted overlap between portfolios i
and j (Cont & Wagalath 2013):

M nipmye

Q; = B,

p=1

D,, = market depth for asset p

;; = exposure of marketable assets of i to deleveraging by ;.
= loss contagion = contagion process on network defined by [Q2j]
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Monitoring Indirect Contagion

Indirect contagion & Endogenous Risk Index
The 1st round fire-sales losses across the system are given by

Floss = QI .

If the liquidity-weighted overlap network is close to a 1-factor
model
Q~ Muu',

then the first round fire sales loss of i is

N
log(FLoss') = log(A1u; Z uilj(€)).
j=1
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Monitoring Indirect Contagion

Indirect contagion & Endogenous Risk Index
The 1st round fire-sales losses across the system are given by

Floss = QI .

If the liquidity-weighted overlap network is close to a 1-factor

model
Q~ Muu',

then the first round fire sales loss of j is
' N
log(FLoss") = log(A\u; Z uilj(€)).
j=1
We expect a slope 1 when regressing log fire-sales losses on log(u;):
log(FLoss') = 1 x log(u;) + log(\1) + log(< u,T(€) >).

Define ERI := u.
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Monitoring Indirect Contagion

Principal component analysis of portfolio holdings

% of variation
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Figure: European banking system: Eigenvalues of matrix of liquidity-weighted
overlaps. Source: EBA (public)
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Monitoring Indirect Contagion

The Endogenous Risk Index (EBA 2016)

CA. Countries
— e
Deutsche BNP GBIIE
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PT/GR
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Monitoring Indirect Contagion R. Cont and E. Schaanning



Monitoring Indirect Contagion

Table: Regression of bank-level fire-sales losses on the Endogenous Risk Index
for all banks.

Round 1 Round 2 Round 3 Round 4 All rounds
Slope 0.730%**  0.795%** (. 752*** (516*** (.623 ***
(0.072) (0.060) (0.068) (0.112) (0.055)
Intercept | 10.5%**  10.9%**  10.7***  9.76*** 11.1%%*
(0.190) (0.151) (0.164) (0.326) (0.143)
n 51 49 41 30 51

R? 0.68 0.79 0.76 0.43 0.73
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Monitoring Indirect Contagion

Table: Regression of bank-level fire-sales losses on the Endogenous Risk Index
for all banks with optimal bank responses.

Round 1 Round 2 Round 3 Round 4 All rounds
Slope 0.614%**  (0.658*** (0.600*** (.554*** (.613 ***
(0.072) (0.105) (0.107) (0.111) (0.073)
Intercept | 10.2%** 8 75%**  823*x* 7 76%** 10.2%%*
(0.190) (0.281) (0.288) (0.301) (0.191)
n 51 46 46 46 51

R? 0.60 0.47 0.42 0.36 0.59
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Scenario 1
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Scenario 1

Regression R?
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oring Indirect Contagion

Scenario 2

Regression R?
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Monitoring Indirect Contagion

Comparison with other measures

Size.
(nt,...,nN)

(AL, AN

Size =

where " := "M, Mi#,
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Monitoring Indirect Contagion

Comparison with other measures

Size.
(nt,...,nN)

(AL, AN

Size =

i "M M,
where " := 374 MM, .
Nominal overlaps. Perron eigenvector of

QNominal = I—II_IT
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Monitoring Indirect Contagion

Comparison with other measures

Size.
(nt,...,nN)

size = ,
(ML, V)2

where " := "M, Mi#,
Nominal overlaps. Perron eigenvector of
QNominal = I—II_IT
Cosine Similarity. Getmansky et al. (2016b), Portfolio weights:
1 i1 iM\T
Wi = W - (I‘I”,...,I'I” ) .
Cosine similarity: Perron eigenvector of Q¢ s given by
if < wj, wj >

Qts = e [-1,1].
S Iwillal w12
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Monitoring Indirect Contagion

Similarity between overlap measures

‘ ERI' Nom. Ow. Cos. Sim. Size
ERI 1 0.68(0.85) -0.13(-0.22) 0.60 (0.80)
Nom. Ov. 1 -0.14 (-0.22)  0.78 (0.92)
Cos. Sim. 1 -0.17 (-0.27)
Size 1

Table: Similarity between the various overlap measures: The bold numbers
are rank-correlations (Kendall's 7), while the numbers in brackets are linear
correlations (Spearman’s p).
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Monitoring Indirect Contagion

Table: Size and ERI are retained as predictors for fire-sales losses.

Model 3 Model 4

Model 1  Model 2

Size - - 0.58*** 0.72%**
ERI - - 0.27*** 0.31%**
Nom. Ov. | 0.59*** - - -0.14
Cos. Sim. - -0.47** - -0.01
R? 0.70 0.09 0.86 0.86
RMSE 0.38 0.66 0.27 0.27

n 51 51 51 51

*** for p < 0.01, ** for p < 0.05.
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Monitoring Indirect Contagion

Size: Scenario 1 Size: Scenario 2
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Monitoring Indirect Contagion

ERI: Scenario 1 ERI: Scenario 2
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Monitoring Indirect Contagion

Nominal ERI: Scenario 1 Nominal ERI: Scenario 2
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Monitoring Indirect Contagion

Inclusion of different predictors

Percentage of inclusion of predictors across scenarios, market
impacts, and shock sizes:
¢ Proportional response: Size 96.5 %, ERI 91.9 %, Nom.Ov.
52.0 %, C.S. 6.5%.
¢ Optimised response: Size 78.5 %, ERI 42.1 %, Nom.Ov.
64.1 %, C.S < 0.1%.
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Monitoring Indirect Contagion

Self-inflicted losses & losses to other institutions

The Indirect Contagion Index (/Cl) is the principal eigenvector of
Qo =0 - diag(Qll, e 7QNN)-

® e
‘l. X ERI
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Figure: The (/Cl) discounts self-inflicted losses compared to the losses caused to
other participants relative to the ERI.
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X Countries
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Figure: ICl and ERI (black crosses) for the European banking system. Data
source: EBA 2016, Calculations: Authors.
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Conclusion

Conclusions & Outlook

e Qverlapping portfolios give rise to an indirect contagion
network. Under stress, the risk of a portfolio thus depends on
the distress that similar portfolio-holders suffer.

® Qur framework can be used to monitor large portfolios, and to
make stress tests dynamic.

® The Endogenous Risk Index predicts fire-sales losses well, and
can be used to quantify the systemicness of institutions.
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Conclusion

Conclusions & Outlook

e Qverlapping portfolios give rise to an indirect contagion
network. Under stress, the risk of a portfolio thus depends on
the distress that similar portfolio-holders suffer.

® Qur framework can be used to monitor large portfolios, and to
make stress tests dynamic.

® The Endogenous Risk Index predicts fire-sales losses well, and
can be used to quantify the systemicness of institutions.

® The ERI provides additional information that is not captured
by simple measures such as the size of portfolios.

® The modeling framework can be used to study worst-case
scenarios given portfolio holdings.
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Conclusion

Thank you!

Monitoring Indirect Contagion R. Cont and E. Schaanni



Conclusion

Market impact and feedback effects
Total liquidation in asset yu at k-th round: g# = Zszl B

) ASH
Market impact : o -V, (q"),

Impact/ inverse demand function: ¥, >0,V > 0,V,(0) = 0.
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Conclusion

Market impact and feedback effects
Total liquidation in asset yu at k-th round: g# = Zszl B
, ASH
Market impact : ST -V,(q"),
Impact/ inverse demand function: ¥, >0,V > 0,V,(0) = 0.
Let D, = c2

DV /7. Price move at k-th iteration of fire sales:
T

N
71 '7 [
Slljﬂ = 5;: 1- Du Z njkurjkﬂ )
j=1
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Conclusion

Market impact and feedback effects
Total liquidation in asset yu at k-th round: g# = Z ' 1 I_IJ“ Mt

, ASH
Market impact : ST -V,(q"),
Impact/ inverse demand function: ¥, >0,V > 0,V,(0) = 0.

ADV,
Let D, =c i
O

/7. Price move at k-th iteration of fire sales:

Slljﬂ = 5};: 1- Z I Mrk+1 )
Previous value
1, Iy
M = (1 - r§<+1) Ins Z e urk+1

Non-liquidated assets

Price impact on remaining holdings
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ERI

Cosine similarity measure
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