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Austrian interbank network

Source: Martin Summer. «Financial
Contagion and Network Analysis.”
Annual Review of Financial Economics 5,
277-297, 2013. o
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What is a multilayer network? O .- R

Connectivity Dependency

Adjacency matrix

Interconnected Networks:

Adjacency matrix
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Multilayer interbank networks

overnight

repo market

total interbank

Source: Leonardo Bargigli, Giovanni Di
lasio, Luigi Infante, Fabrizio Lillo, Federico
Pierobon. «The multiplex structure of
interbank networks”. Quantitative Finance
15(4), 673-691, 2015.

R < 005
R, < .0025

Source: Sebastian Poledna, José Luis Molina-
Borboa, Serafin Martinez-Jaramillo, Marco
van der Leij, Stefan Thurner. “The multi-
layer network nature of systemic risk and its
implications for the costs of financial crises”.
arXiv:1505.04276, 2015.
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Mapping the financial system
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Funding layer

CASH BORROWERS CASH PROVIDERS

< 1 TYPICAL BANK/DEALER ! >
Flow of Cash Flow of Securities
ASSETS LIABILITIES
Customer NG
Hedge |o@ Receivables 4 > P:ia‘?arlr;r »| Hedge
Funds Client Leverage = P> Client Short/ Funds
Reuseable | Cash
Securities
FINANCING DESK T
Securities Securities Securities < Securities —»
Lenders L;I;C::tg Borrowed +—"1Tr .. ding Bank/Dealers
Central
- e —> Secured Counterparty
L Reverse e Funding ¢ > Asset Managers;
Diar;kf Repo s Term Sovereign,
alers Central L— ShortTarm - Pension, and =
Counterparty (Repo) Triparty Money Market
Agents Funds; Insurance
Companies
y Deposits
Lgng i : Loans <_’-\_ Insured )
SUICHEIS Uninsured ¢———————— Depositors
Inventory
Short
. Bank/Dealers b S Pavahlac Bank/Deal
Source: Richard e e N — Feyabees et
Bookstaber, Dror o Collateral Bilater:
Y Kenett. P
“ . Initia
Looking Deepr,
Seeing More: A \
. CORPORATE TREASURY
multilayer Map of
. . Equity and Debt P
the Financial Liquidity Unsecured Debt | ||
” Reserves Long-Term
SyStem OFR Short-Term (CP)
Brief 16-06.
OFFICE OF FINANCIAL RESEARCH
7 Views expressed in this presentation are those of the speaker(s) and not necessarily of the Office of Financial Research.




Collateral layer
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Asset layer

Source: Richard
Bookstaber, Dror
Y Kenett.
“Looking Deepr,
Seeing More: A
multilayer Map of
the Financial
System.” OFR
Brief 16-06.
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Multilayer structure .-
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Percolation — a framework for stress testing

—
1
networks 7

* Second Order Phase Transition

* InRandom Networks (ER) - P = p(1—e =)

* Percolation Threshold — p_

* Critical Exponents — P (x)., =A(x—p.)

>

No giant component

Finite giant component

Size of network
(giant component),
PCXJ

P, Occupation probability, p

Source: Author’s analysis
OFFICE OF FINANCIAL RESEARCH

12 Views expressed in this presentation are those of the speaker(s) and not necessarily of the Office of Financial Research.



-
Analytic solutions for dynamical process O .- R

At steady state:

v =p X1 =p1q1Poc 2(x2) +p1(1 —q1)
9", =p,[1-q,0—pg(v'"))] {xz =P2szoo,1(x1) +P2(1 _ QZ)
v',=pll—q,(0-p,g(4')]

'//'r — pl[l —q (1 — P8 (¢ '171 )] | —8— Theory
¢, =p,[1-9,0-pg(v'))]

Poo,i = ig.i (xl)

10 20 30 40
t

Source: Parshani et al., PRL 105, 048701 (2010).
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Cascading failures in multilayer networks
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Cascading failures in multilayer networks

Source: Buldyrev et al, Nature 464, 7291 (2010)
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Cascading failures in multilayer networks
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Cascading failures in multilayer networks
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Multilayer structure
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Prices of benchmarks fall, affecting BS hedge funds
Margin calls begin

Some banks refuse to renew repo funding

Merrill Lynch sells collateral, market prices fall

As prices fall, margin calls increase on BS hedge funds
BS becomes sole repo lender to High-Grade Fund
Cash providers pull funding from BS parent

Other hedge funds pull cash from BS parent
Derivatives dealers demand collateral from BS parent

BS = Bear Stearns |
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Applications and Challenges .- R
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Obtaining and tying together different data sources and using them to calibrate the
interaction between nodes in different layers. Detailed counterparty position level transaction
data is needed.

Understanding the financial system as a multilayer network results in the need to modity
contagion models for the financial system, considering the spread of shocks within and
between the different layers. These new models should lead to the development of a new
class of stress tests, and ultimately to a new class of intervention strategies for the
management of financial crises.

Rethinking how financial institutions are defined, according to their activity in the different
layers. This will require rethinking regulation and monitoring policies, and provide new
definitions into systemically important financial institutions.

Providing quantitative evidence for the effect of integration versus segregation in the
financial system. This 1s becoming increasingly important considering how financial
institutions, are branching out into new financial activities.
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Thank You.

Questions?
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