IVIAI'ROSNC CL. dl. \ZULlZa,V) Elycll Fall Alldlysls .
Endogenous to contractual financial obligations and
not on external shocks etc

» Stress Test and Systemic Risk Metrics

» Monitoring Systemic Risk : Is the financial system
becoming more or less stable ?

» Monitor maximum Eigen-value of the ratio of net
liabilities to Tier | capital matrix

» Cause for concern if max eigen value is greater than the
fixed threshold/ratio of prefunded capital : Focus on
policy relevant regulatory variable

» Advantages: Certifiable and transparent contractual
obligations; | do not think a FI can be held culpable for
pre existing macro conditions or for unknowable losses

from fire sales.
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Solvency Contagion and Stability of Matrix O’ :
Netted impact of / on j relative to j's capital

0 (X, =%)" (43 —Xxy) 0. 0
Cy, G,
0 0 (X = X)) (X3 = Xy3)
G, o
. 0 .
(X, —x,)" | 0 (X —Xy)
Clt CNf
(Xy —Xy) (xNj - szv)+ 0
C. . c.




From Epidemiology : Failure of i at g+1 determined
by the criteria that losses exceed a predetermined
buffer ratio, p, of Tier 1 capital

(xji—xij) "
* Ujgr1 ™~ (1-p) uiq_l_zj ]C- : ujlq (2)

L0
(i)First term i's own survival probability given by
the capital C,, it has remaining at q relative to initial
capital C;;, p Is common cure rate and (1 -p) is
rate of not surviving in the worst case scenario .

(il) The sum of ‘infection rates’= sum of net
liabilities of its | failed counterparties relative to its

+
own capital is given by the term ¥, (x’Cf o

0




Stability of the dynamical network system

_ _ 1S maximum
Elgen Pair ()\ V) eigenvalue of ©

max ?

In matrix algebra dynamics of bank failures
given by:

Ui = [0 +(1-p)l] Uy = QU (3)
| is identity matrix and p is the % buffer



Stability Condition A (®") < p
After q iterations

* The system stability of (2) will be evaluated on

the basis of the power iteration of the matrix
Q=[(1-p)I+@®’]. From (3), U, takes the form:

. U= QU,

* O is the solvency threshold in terms of
Tier 1 capital (care should be taken if
criteria is specified in terms of Basel
[ IRWA Capital Ratio)



é University of Essex

Basel |l Criterion of Failure

« Stress Tests: Follow Furfine (2003) Algorithm

« Criteria of failure of a bank in the contagion analysis is based on the
Basel rule that

(Tier 1 capital - LGD)/ RWA < 0.06 = Tgyya-

 Here LGD is loss given default and the threshold for bank failure in
terms of RWA is denoted as Tgyya.

 However, as the practical aspects of insolvency requires
recapitalization, it is important to see the equivalence of the above
Basel rule with a Tier 1 capital threshold criteria (T,) for failure :

RWA
: T = 1-T |
C RWA " Tier 1 capital




Role of Maximum Row Sum and
Maximum Eigenvalue

<||1®°|] ., —maxz 0;;=max;S;

max

e Here, || .||, stands for the infinity norm of a

matrix, which is the maximum of row sums
S; where §;=2.:0;; .

e Row sum Iin ® matrix

S; = Zj 0;i = Zj[cii (xji - xij)+ I



Eigenvector Centrality

A variant is used in the Page Ranking algorithm used by Google

Centrality: a measure of the relative importance of a node
within a network

Eigenvector centrality

Based on the idea that the centrality v, of a node should be proportional to
the sum of the centralities of the neighbors

_ 1 p A is maximum
Vi = yl j iV eigenvalue of ©
The vector v, containing centrality values of all nodes is obtained by solving the
eigenvalue equation ® v{ = A\, V1.
Aax IS @ real positive number and the eigenvector v; associated with the largest
eigenvalue has non-negative components by the Perron-Frobenius theorem (see
Meyer (2000))

Right Eigenvector Centrality : Systemic Risk Index
Left Eigenvector centrality Leads to vulnerability Index



Mitigation of Systemic Risk Impact of
Network Central Banks: How to
stabilize ?

To date the problem of how to have banks internalize
their systemic risk costs to others (and tax payer) from
failure has not been adequately solved

In particular, penalty for being too interconnected has
not been dealt with from direct bilateral network data



There are 5 ways in which stability of the
financial network can be achieved

(1)Constrain the bilateral exposure of financial
intermediaries (Ad hoc constraints do not work) Serafin
Martinez implemented these in Mexico

(1) Ad hocly increase the threshold rho 1n (11),

(111) Change the topology of the network

(1v) Directly deduct a eigenvector centrality based
prefunded buffer in matrix

1
S;7=X;0;i" = [C_i Qi —x)T— v (Vi)Ci)]-
(1) & (1) do not price in negative externalities and systemic

risk of failure of highly network central nodes. Network
topologies emerge endogenously and are hard to manipulate

PY(\O‘PT‘\(\11Q]‘7



FOW 10 stabllize: superspreader tax
quantified : tax using Eigen Vector Centrality
of each bank v,or v, *2 to reduce max
eigenvalue of matrix to 6%



Superspreader tax rate



Super-Spreader Tax Raised From Top 20 SIFIs (All columns

other than EVC $bns) (2012 Global Derivatives)
Note EVC 1s Eigenvector Centrality ; Tax % = EVC x alpha;
Tax$s= Tax Rate x Tier 1 Capital

« Super-spreader fund works like an escrow
account; amounts escrowed as in a CCP or by

regulator to be used to recapitalize when default
occurs

« Super Spreader Fund lite : Secure funds to
cover max losses of 1sttier (g=1) from any
trigger bank failure

 Full stabilization for A, < p , costly implies tax
rates of 77% of Tier 1 capital of Goldman Sachs
etc



Bank Name
Goldman Sachs
Deutsche Bank
JPMorgan

Credit Suisse
Morgan Stanley
HSBC Group
Societe Generale
Barclays

Bank of America
Standard Chartered
Citibank
Wachovia

BNP Paribas
Credit Agricole
Lloyds

Uni Credit

UBS

New York Mellon
RBS

Dexia

Tier 1 Capital EVC
17.15 0.39
49.42 0.32
96.37 0.31
39.49 0.30
46.67 0.30
35.48 0.30
34.69 0.24
77.56 0.23
111.92 0.21
24.58 0.19
96.83 0.18
39.79 0.17
90.37 0.15
44.53 0.14
74.27 0.14
56.07 0.13
42.32 0.13
10.15 0.11
98.28 0.07
25.24 0.06

0.2

Tax%
0.08
0.06
0.06
0.06
0.06
0.06
0.05
0.05
0.04
0.04
0.04
0.03
0.03
0.03
0.03
0.03
0.03
0.02
0.01
0.01

Sinerentreader find

Alpha

0.3

Tax $s Tax %

1.33
3.20
6.04
2.39
2.80
2.13
1.64
3.64
4.61
0.94
3.52
1.38
2.70
1.27
2.09
1.45
1.09
0.22
1.35
0.31

44 10

0.12
0.10
0.09
0.09
0.09
0.09
0.07
0.07
0.06
0.06
0.05
0.05
0.04
0.04
0.04
0.04
0.04
0.03
0.02
0.02

0.5

Tax $s Tax%

1.99
4.80
9.06
3.58
4.20
3.19
2.46
5.46
6.92
1.40
5.29
2.08
4.06
1.90
3.14
2.18
1.63
0.33
2.03
0.46

66 14

0.19
0.16
0.16
0.15
0.15
0.15
0.12
0.12
0.10
0.10
0.09
0.09
0.07
0.07
0.07
0.06
0.06
0.05
0.03
0.03

Tax

$s
3.32
7.99
15.09
5.97
7.00
5.32
4.10
9.10
11.53
2.34
8.81
3.46
6.76
3.17
5.23
3.63
2.72
0.55
3.39
0.76

110 24

1.00

Tax%

0.39
0.32
0.31
0.30
0.30
0.30
0.24
0.23
0.21
0.19
0.18
0.17
0.15
0.14
0.14
0.13
0.13
0.11
0.07
0.06

1.5

Tax $s Tax%

6.64
15.99
30.19
11.94
14.00
10.63

8.20
18.20
23.05

4.68
17.62

6.92
13.52

6.34
10.45

7.26

5.45

1.11

6.77

1.53

770 4R

0.58
0.49
0.47
0.45
0.45
0.45
0.35
0.35
0.31
0.29
0.27
0.26
0.22
0.21
0.21
0.19
0.19
0.16
0.10
0.09

Tax

$s
9.96
23.98
45.28
17.91
21.00
15.95
12.30
27.29
34.58
7.02
26.43
10.38
20.28
9.50
15.68
10.89
8.17
1.66
10.16
2.29

220 79

Tax%
0.77
0.65
0.63
0.60
0.60
0.60
0.47
0.47
0.41
0.38
0.36
0.35
0.30
0.28
0.28
0.26
0.26
0.22
0.14
0.12

Tax
13.2¢
31.9¢
60.3’
23.%°
28.0(
21.2¢
16.41
36.3¢
46.11
9.36
35.2¢
13.8¢
27.0:
12.6°
20.9(
14.5-
10.9¢(
221
13.5¢
3.06

440 O



How Useful is the Eigen Vector Centrality Rank Order As a
Proxy for Furfine Losses of Capital ?

Pearson Correlation in the Rank Order of Eigen vector centrality of
bank and that of Furfine Capital Losses when bank fails as a

0.948 0.980 0.989 0.930

Scatter Plot of Pearson Correlation of 0.98993 in the Rank Order of
Eigenvector centrality (EVC) and that of Furfine Losses (1 being the
highest and 76 is lowest) Q3 2011

0 10 20 30 40 50 60 70 80
EVC rank order



Results of Systemic Risk Monitoring
Q1- Q4 2011 for Real World Banking Sector

Can a Northern Rock Situation Be Detected
by EVC method ? A Bank xxx which was
Eigenvector centrality rank of 6 in June 2010
increases to rank1 by Q3 2011; it was
winning bank of year awards but it was
aggressively borrowing on inter bank
markets and systemic risk of network
jumped up !

In previous years high EVC banks led to
6%-14% of total Furfine capital losses; now
this almost doubled



Is Basel II criteria far too lenient as solvency threshold ? It has become
fashionable to say that there is no direct contagion : Check the failure/loss
threshold (Markose experience as academic advisor on FSB MAGD Report

on OTC Reforms where no G-SIB causes contagion by failing !)

For a real financial system, the Basel criteria implies

that the median T, is around 40%

On average percentage Tier 1 capital they can lose
before declared a failed bank is 46%.

Every national regulator should check out what the
capital adequacy criterion wrt Risk Weighted Assets
means in terms of an absolute Tier 1 capital constraint
for their system

Then check this with the maximum eigenvalue of the Tier
1 capital adjusted net liabilities bilateral matrix a la
Markose eigen pair systemic risk analytics

Can a network of subset of total financial assets be given
the same failure/loss threshold as a network for all
assets ?



Conclusion : Regulators and Systemic Risk Researchers must face up

to limits of data mining market price data for early warning signals and

instead mandate structural bilateral financial data and digitally map the

macro-financial network system

Too interconnected to fail addressed only if systemic risk
from individual banks can be rectified with a price or tax
reflecting the negative externalities of their connectivity

Lessons to be learnt : Disease Transmission in scale
free networks (May and Lloyd (1998), Barthelemy et. al
With higher probabillities that a node is connected to
highly connected nodes means disease spread follows a
hierarchical order. Knowledge of financial
interconnectivity essential for targeted interventions

Highly connected nodes become infected first and
epidemic dying out fast and often contained in first two
tiers

Innoculate a few rather than whole population;
Strengthen hub; Reduce variance of node strength in
maximum eigenvalue formula



Other Concluding Remarks

Changes in eigenvector centrality of Fls can give
early warning of instability causing banks

EVC basis of Bail in Escrow fund/Capital
Surcharge

These high EVC banks will, like Northern Rock,
be winning bank of the year awards ; however
potentially destabilizing from macro-prudential
perspective

Capital for CCPs to secure system stability can
use same calculations

Beware gross aggregation and netting across
product classes for which there is no multi-lateral
clearing ; more systemic risk and hence more,
capital/collateral needed for stabilization

Single network v multi-layer networks
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