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Research questions

» Based on Schmitz / Puhr (2007)

» Large variation of operational shock across scenarios & days

* How many accounts are systemically important?

»  What explains the large variations across scenarios and/or days?

« Do network indicators at the node level and/or network level have

explanatory value?
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Methods

* Network theory
* Robustness studies
» Typology of flow processes
* Measures of network structure
* Network level (44) & node level (stricken bank) (71)

¢ Simulations

» Simulations of operational shocks generate contagion

¢ Panel econometrics

» Variations of contagion across scenarios and/or days
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Network theory

* Robustness studies (Albert et al. 1999, 2000: Internet)
» Nature of shock: removal of nodes and links from network
* Measure of impact: Connectivity measured by size of

largest cluster and average path length

* Robustness in ARTIS
* ARTIS is a physically complete network
* Flow of liquidity not equal to flow of information in the internet
» Connectivity inappropriate conceptualisation of network stability

* Incoming links to stricken account not removed
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Network theory
* Typology of flow processes
» Appropriate measure of network structure?

* Albert et al. (1999, 2000: Internet) — average path length

* Boss et al. (2004: Interbank liabilities) — betweenness centrality

» Optimal measure depends on flow process (Borgatti 2005)
* Route/transfer characteristics

* Liquidity follows a walk and is transferred
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Network theory

* Typology of flow processes

* Appropriate measure of network structure?
» Albert et al. (1999, 2000: Internet) — average path length

* Boss et al. (2004: Interbank liabilities) — betweenness centrality

» Optimal measure depends on flow process (Borgatti 2005)

Measures based on shortest paths inappropriate
(e. g. average path length and betweenness centrality)

- Degree measures are better suited!




Simulations
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Assumption: one day incapacitation to submit payments

Sample period: 16 November 2005 to 16 November 2007 (497 days)

63 scenarios

* 50 banks which are in GSCC on all days in the sample period

* 13 transfer accounts which are part of the system on all days

Matlab based simulation tool

» Stop-sending rule
» Direct debit

31 311 simulations (63x497) with 650 mn transactions
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Simulation results
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Simulation results
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g Bank accounts  ETransfer accounts

9
ONB
Simulation results
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Value and Yolume (Node Level) per Stricken Account versus Number of

Contagious Defaults per Simulation
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Network Indicators (Node Level) per Stricken Account versus Number of

Contagious Defaults per Simulation
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Network Indicators (Node Level) per Stricken Account versusValue of Contagious

Defaults per Simulation
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Correlation between volume, value and network indicators

Volume Value Avg.PL Degree Conn. ’ Clust. Btw. C. Dissim.
Volume 100%% 89% -T7% 34%% 83% -37% §9% 35%
Value 100% -70% 76% 75% -32% 78%
Avg. PL 100% -96% -97% G62% -79% -85%
Degree 100%% 99% -72% 85% 95%
Conn. 100% -72% 85% 3%
Clust. 100% -538% -78%
Btw. C. 100% 37%
Dissim 100%

Source: OeNB. Average Path Length (Avg. PL), Connectivity (Conn.), Clustering Index (Clust.), Betweenness
Centrality (Btw. C.), Dissimilarity Index (Dissim. ).
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Dependent variables

* Measures of contagion (excl. stricken bank)
* Value of unsettled payments at end of day
* Number of unsettled payments at end of day

* Number of banks with unsettled payments at end of day

ONB

Independent variables

* Network level (constant across panels but not across time [Z])
« Aggregate liquidity
(BoD balances + unencumbered collateral across banks)

¢ Network indicators at the network level

* Node level (varies across panels and across time [X])
» Liquidity loss due to operational problem at stricken bank
(liquidity sink/drain, unrecieved payments)

» Network indicators at the node level
*  Dummy for transfer accounts (Dxunreceived payments)
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Descriptive statistics — dependent variables
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variable Mean  Std. Dev. Min Max Observations
simnum~s overall 2.607678 3.765892 0 33 N = 31311
between 3.534751 .4507042 18.85714 n = 63
within 1.373103 -6.301779 16.75053 T= 497
simque~m overall 7.554757 21.71519 0 1172 N = 31311
between 14.0254 .4507042 76.49899 n = 63
within 16.67194 -55.94424 1145.718 T= 497
simque~1 overall 1.12e+08 3.35e+08 0 1.07e+10 N = 31311
between 2.84e+08 3680408 2.08e+09 n = 63
within 1.81e+08 -1.54e+09 9.79e+09 T = 497
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Descriptive statistics — aggregate liquidity

variable Mean  Std. Dev. Min Max Observations
Tigbod~e overall 7.47e+09 8.43e+08 5.49e+09 1.13e+10 N = 31311
between 0 7.47¢+09 7.47e+09 n = 63
within 8.43e+08 5.49e+09 1.13e+10 T = 497
TigqcoT1~1 overall 1.08e+10 2.89e+09 6.10e+09 2.53e+10 N = 31311
between 0 1.08e+10 1.08e+10 n = 63
within 2.89%e+09 6.10e+09 2.53e+10 T = 497
Liquid~y overall 1.83e+10 3.23e+09 1.17e+10 3.24e+10 N = 31311
between 0 1.83e+10 1.83e+10 n = 63
within 3.23e+09 1.17e+10 3.24e+10 T = 497




Descriptive statistics — liquidity loss
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variable Mean Std. Dev Min Max Observations
Liquid~s overall 1.39e+09 3.07e+09 12032 2.86e+10 N = 31310
between 2.92e+09 7869281 1.57e+10 n = 63
within 1.02e+09 -7.11e+09 1.96e+10 T-bar = 496.984
simlig~n overall 7.23e+08 1.69e+09 0 1.60e+10 N = 31310
between 1.59e+09 452661.6 8.80e+09 n = 63
within 6.16e+08 -3.91e+09 1.00e+10 T-bar = 496.984
simlig~k overall 6.67e+08 1.53e+09 524 1.29e+10 N = 31310
between 1.45e+09 1026011 6.92e+09 n = 63
within 5.02e+08 -3.32e+09 9.59%e+09 T-bar = 496.984
19
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Descriptive statistics — network indicators node level

variable Mean Std. Dev. Min Max Observations
nodede~e overall 25.44499 19.89985 2 105 N = 31311
between 19.83007 6.428571  89.84708 n = 63
within 3.000303 10.34036 43.26994 T = 497
nodeco~y overall .1930355 .1510905 .0153 .7949 N = 31311
between .1503863 .0490459 .6821545 n = 63
within .0238868 .075481 .3372814 T = 497
nodeav~h overall 1.86558 .1817904 1.2137 2.3356 N = 31311
between .1782929 1.328216 2.102365 n = 63
within .0419877 1.67934 2.169161 T = 497
nodecl~x overall .5401702 .2014584 .1333 1 N = 31311
between .1873986 .1753167 .9800881 n = 63
within .0776117 .1056149 1.013537 T = 497
nodebe~y overall .013652 .0349052 0 .2761 N = 31311
between .0340873 6.04e-07 .1833795 n = 63
within .0086509 -.0796849 .1063725 T = 497
nodedi~x overall .4387912 .1369233 .2603 1.0754 N = 31311
between .13323 .312793 .9046616 n = 63
within .0357625 .281154 .626754 T = 497
20
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Descriptive statistics — network indicators network level

variable Mean Std. Dev. Min Max Observations
netavg~e overall 12.36032 .3990639 11.2609 14.35 N = 31311
between 0 12.36032 12.36032 n = 63
within .3990639 11.2609 14.35 T = 497
netcon~y overall .0375596 .0027451 .0294 .0462 N = 31311
between 0 .0375596 .0375596 n = 63
within .0027451 .0294 .0462 T= 497
netavg~h overall 2.546561 .0594155 2.4025 2.6833 N = 31311
between 0 2.546561 2.546561 n = 63
within .0594155 2.4025 2.6833 T = 497
netavgc~ overall .4382753 .0279867 .3612 .5217 N = 31311
between 0 .4382753 .4382753 n = 63
within .0279867 .3612 .5217 T = 497
netavg~y overall .0047867 .0002584 .0038 .0055 N = 31311
between 0 .0047867 .0047867 n = 63
within .0002584 .0038 .0055 T = 497
netavg.. overall 1.269688 .9284118 .5946 5.228 N = 31311
between 0 1.269688 1.269688 n = 63
within .9284118 .5946 5.228 T = 497
21
Panel approach — the model
Wi X, Vi &
| | X, ,B+[Z],B+ V, N &
- 1 2
Vel [ Xes | Ves ] [ €63
Ele,|x,,v,]=0 T=1..497, N=1..63.
Var[g. X, v.] =o’l
it|7vio i T

Cov[ei,,gjszo if t#s or i#].
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Panel approach — the assumptions

* Cross-panel conditional homoskedasticity

* Variance of error terms constant across panels (and across time)

* Serial independence

*Error terms are serially uncorrelated within panels

» Cross-panel independence

*Error terms are independent across panels

* Strict exogeneity

* Error terms and explanatory variables are independent

23
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Basic models used for tests

Model 1
simdefaults, = o + B, Liquidity, + p,simunrvol, + B,TransUnrVol,, +
+ Bynodeavgpath, + Pinetavgpath, +u, + &,

Model 2
simqueuednum, = o + B, Liquidity, + B,simunrdvol, + B;TransUnrVol, +

+ f,nodeavgpath, + Pnetavgpath, +u, + ¢,
Model 3

simqueuedvol, = a + f,Liquidity, + p,simunrvol, + f,TransUnrVol, +

+ f,nodeavgpath, + finetavgpath, +u, + &,

24
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Assumption of conditional homoscedasticity across panels

Likelihood ratio test
*Compares log-likelihoods under restricted and unrestricted model

based on iterated generalised least square estimates.

Model 1 LR chi2 (62) = 18501.32 Prob. = 0.00
Model 2 LR chi2 (62) = 103014.77 Prob. = 0.00
Model 3 LR chi2 (62) = 74980.00 Prob. = 0.00

25
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Assumption of conditional homoscedasticity across panels

Likelihood ratio test
*Compares log-likelihoods under restricted and unrestricted model

based on iterated generalised least square estimates.

Model 1

LR chi2 (62) = 18501.32

Model 2

Model 3

pssump

1omoSc®
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° 1ty ¥°

Prob. =0.00

26

13



s s 120308 120405 120600 120626 21304 121401 121500
8
§ .
8 ramos 121000 122088 12165 122280 o252t 122008 12224
%
H
5 s 12760 122840 122882 258 Tstas 123242 125404
§1
] 125679 124208 125008 125083 126004 125144 127000
(73
=
> 5 s 125003 1a00ts 1ao0zs 140031 140040 140058 140068
] § M»
IR | . s
= .
W ioos2 140000 aotos o2 worz0 ot 175809
Sj
8 e 220005 225085 227008 w6755 s2r002 e azroa7
&
8
H
s s szrost aaross sz 720708 728125 727080
31
3 ® 3 % 3 w3 % ® 3 %

Graphs by AccountlD

27

ONB

Assumption of serial independence

*Wooldridge test

ONB

*Based on residuals of regressions in first differences which are

then regressed on lagged value t-1

*Test is robust to conditional heteroskedasticity

Model 1 F (1, 62) = 14.388 Prob. = 0.00
Model 2 F (1, 62) = 3.076 Prob. = 0.08
Model 3 F (1, 62) = 23.636 Prob. = 0.00

28
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Assumption of serial independence

*Wooldridge test

ONB

*Based on residuals of regressions in first differences which are

then regressed on lagged value t-1

*Test is robust to conditional heteroskedasticity

Model 1

_—\
F (1, 62) = 14.388 Prob. = 0.00—3cr0€

Model 2

T set?

F (1, 62) = 2 0

T
Ass‘l‘“pmo ]
Model 3 \ /

al Tndep®

Prob. =0.00

—

Assumption of cross-panel independence

*Pesaran, Friedman, Frees tests
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Model 1 Frees = 11.116 Prob. = 0.00
Pesaran = 363.108 Prob. =0.00
Friedman = 11728.05 Prob. =0.00
Model 2 Frees = 7.06 Prob. = 0.00
Pesaran = 147.08 Prob. =0.00
Friedman = 7378.70 Prob. =0.00
Model 3 Frees = 4.81 Prob. = 0.00
Pesaran = 120.80 Prob. =0.00
Friedman = 5744.16 Prob. =0.00
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Assumption of cross-panel independence

*Pesaran, Friedman, Frees tests

ONB

Model 1 Frees = 11.116 Prob. =0.00
Pesaran = 363.108 Prob. =
Friedman = 11728.05

Frees = 7.06

Model 2

Model 3
; Prob. =0.00
n =5744.16 Prob. =0.00

31

Random- versus fixed-effects

ONB

*High correlation btw individual level effects and explanatory variables

*Breusch-Pagan LR test of random effects

*Compares log-likelihoods under restricted and unrestricted model

based on iterated generalised least square estimates

Model 1 LR test = 3.06E05 Prob. =0.00
Model 2 LR test = 4.33E04 Prob. =0.00
Model 3 LR test = 2.30E05 Prob. =0.00

32
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Random- versus fixed-effects

*High correlation btw individual level effects and explanatory variables
*Breusch-Pagan LR test of random effects
*Compares log-likelihoods under restricted and unrestricted model

based on iterated generalised least square estimates

Model 1 LR test = 3.06E05 Prob. =0.00

Model 2

ando
Model 3 \ /R/Ab;o.oo

L —
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Assumption of strict exogeneity

* Fundamental assumption
* Error terms are not influenced by past, current or future values of
explanatory variables
* Values of explanatory variables are not influenced by past,

current or future values of error terms

+ Simulation design ensures strict exogeneity
* Values of explanatory variables are empirical observations
* Error terms cannot influence values of explanatory variables
* E.g. banks cannot adjust liquidity holdings, node or network

characteristics in response to observed error terms
34
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Estimation procedure

+ Estimate fixed-effects model (yields inconsistent standard errors)

» Correct for cross-section conditional heteroskedasticity, autocorrelation

and cross-section-dependence

* Prais-Winsten regression, PCSE (Panel-Corrected Standard Errors)
* Accounts for heteroskedasticity and cross-panel correlation

» Additional option panel-specific autocorrelation

¢ Estimate models 1 to 3 without network indicators
¢ Add individual network indicators at node- and network-level
* One at a time, due to high correlation between network indicators

35
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Questions

* Exploratory analysis

* What explains the variation of contagion?
* Across panels

» Across time
* What is the explanatory value of network indicators?

* What is the significance of network indicators?

36
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¥ contagious bank
defaults

(7]

(8)

B

Constant
Liguidity -1.05E-10 -9.69E-11 -9.91E-11 -8.39E-10 -9.31E-11 -9 40E-11 -9 70E-11 -1.18E-10
£ 19 —-&. 05 -2 I& -7 87 13 —1E. 448 7. &7 —2 E5
SimUnr¥ol 1.65E-09 1.66E-0D9 7.77E-10 8.06E-10 1.01E-D9 1.43E-09 1.07E-09 9.37E-10
59 2f 58 97 FE EL F2_BR FE BT 55 18 & aa FER A7
Transfer*SinUnrVol 2.51E-10 2.52E-10 6.12E-10 6.00E-10 £.27E-10 2.58E-10 5. 44E-10 5. 0eE-10
& 99 g 93 N =32 92 FE 57 2 E5 19 29 19 42
Hodedegree 9. 20E-02
59 47
Hodeconnectivity 1.22E+01
52 88
Hodeawgpath —8.09E+00
—56. 71
Hodeclusterindex —4 00E+00
—5£1. 55
Hodebetweenness 3.38E+01
2E.37
Hodedissinilarity 1.11E+01
£2.87
Hetwolume —1.88E-11
-7. 78
Hetavgdegres —1.60E-01
Ry
Hetconnectivity —3.25E+01
-7 25
Hetawgpath 1.51E+00
252
Hetavwgclusterindex -2 60E+00
=7 47
Hetavgbetweeness —3 42E+02
2. 80
Hetavgdissinilarity
R? 69.23 69.35 69.96 72 41 71.58 70 88 66 .54 68.69
Relative impact of
Transfer Account (in 155 18% 79% 74 52 18% 51x G4
%
: 37
¥ contagious i i i i i
unsettled 1) (23 (3) (4) i5) (6) (7 [$:D] B
payments
Constant
Liguidity -2 . 79E-10 -2 49E+00 -2 70E-10 -1 .97E-10 -2 25E-10 -2 &5ZE-10 -2 GSE-10 -2 91E-10
—5. 85 —5 44 —&.IF —of. 57 —of. 75 —5. 47 —5.75 —&.24
Sinllnrv¥ol 6.61E-09 6 67E-09 4 97E-09 4. 94E-09 5.32E-09 6.29E-09 5. 59E-09 5. 41E-09
41 97 45 &4 P T 3 2417 2822 FEET 2255 JE 82
Transfer*SinTnrVal 2 40E-09 2 3BE-09 3. 10E-09 3.10E-09 2 . 95E-09 2 45E-09 2 91E-09 2 .B4E-09
£ FE £.25 T 57 Fi Y 8. 88 E. 45 L 572
Hodedegres 1. 80E-01
A 5
Nodeconnectivity 2 4pE+01
FENF
Hodeavgpath -1 71E+01
e
Hodeclusterindex —6.25E+00
—18 B4
Nodebetweenness 5. 40E+01
.23
Fodedissinilarity 1.90E+01
1882
Fetvolune —6.67E-11
—-F 15
Fetavgdegres
Netconnectivity
Wetawgpath
Hetavgclusterindex
Netavgbetweeness
Netavgdissimilarity
R? 39.79 39.81 39.90 40.01 40.02 39.77 39.72 39.67
Relative impact aof
Transfer Account 36 6% 62% 63% 5E% 9% 52% 52%

(in %)

19



Yalue of

contagious
unsettled n (21 (3 1) 5 (61 71 m B
payments
Constant
Liquidity -2 70E-03 -2 19E-03 -2 70E-03 -2 S0E-03 -2 10E-03 -2 6BE-03 -2 62E-03 -2 72E-03
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FL 54 I 48 244 FE-27 4 55 3 58 IFHE 3 04
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F.34
Nodeconnectivity 6. 85E+07
FEF
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F. EE
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-5 49
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Relative impact of
Transfer iccount 166% 166k 174% 178% 177% 163% ledx 166k

(in %)

Results (1/2)

» Explanatory value of models high (40 to 70 per cent)

* Much higher for between than for within panel variation

* Results robust across specifications & estimation methods

» Higher liquidity reduces contagion effect

» Higher liquidity loss increases contagion effect

* Impact highest for value of unsubmitted payments

* Less for liquidity drain and liquidity sink

« Variable has very high explanatory power

» Transfer accounts cause significantly more contagion

40
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Results (2/2)

* Higher value of transactions in the network reduces contagion

* Time trend?
» At the network level no indicator is significant in all three models

+ At the node level three network indicators are significant in all models
* Higher node degree and connectivity increase contagion
* Higher average path length decreases contagion
* More central nodes cause more contagion

« Additional explanatory value:
» 3 per cent regarding the number of contagiously defaulting banks

* Negligible in the other two models
41
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Summary (1/2)

* Number of systemically important accounts is low
* 11 transfer accounts & 28 banks cause at least one contagious
default on average per day
» 7 transfer accounts & 17 banks cause at least an average value of

contagion of 0.1 per cent of average total value per day

* Network indicators in payment systems

* Degree seems to be adequate indicator

42
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Summary (2/2)

* Panel approach yields high explanatory value

* Higher between scenarios than within

Most of the variation is explained by:
* Aggregate liquidity
* Liquidity loss

* Impact of transfer accounts

» Some network indicators at node level are significant

Their explanatory contribution is low

43
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Definition of network indicators

The average degree k of the network is caleulated by summing across all (active) links originating from each node (out-degree

o . . . in .
k;‘ } or terminating at each node (in-degree ka‘ ) and than averaging across nodes:
I ou _ o _ M
k:_Zr"(' :_ZI"(I =
n n n

We calculated the arerage path lengeh for each (active) originating node £, by averaging across terminating nodes and than
qer d & =} i) 57 &

averaged across originating nodes l 1o derive the average path length { of the entire network.
1
f--Ly 4,
1
|
=130,
PEa

Considering the maximum eccentricity £ (the maximum ]mtll lengtl} between any originating and any terminating node)
ACT 0SS HO&E‘S (]EHDGE tl]E‘ uTl.{iHI:’IL‘J Dl

D=max, ¢,
Tllﬁ connectivity Of fl]f netwm‘]{ is &efil]ed b\' fl)E nun)bel' OE JCfllJl dil‘ECtEd hll]'(& n?, over fl]f nl'l'l))bfl' O{ I)OS'SiblE flil'ECfECl
links i) (” — ])

-
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Definition of network indicators

An indicator of the distance (f;] berween nodes is the lowest possible number of links that connects each (active) nade ¢ with

each other (active) node | in the network. Iris referred to as shortest path length.

The betweeness centrality C.. ”1) of node h 1:1'orirles a measure of how many shortest p.‘ltllS El’;; pass tlu‘ough this node. Let
2 g\l F : F ij ! g

"E.(h} be the number of shortest paths between all I)Jirs of nodes !’ and j that pass tlu‘ou:ﬂh the node ,h and let -S! the

number of all shortest paths between all pairs of nodes i and J then

Siirpr -
LY ijlh)
Cylh)= 3 =
s#iz f SU-

Cn“’f) is sometimes normalised by rlii'iding it by the number of lanil's of nodes not including the node h . The betweeness
ALY

centrality of the network is

Cﬂ=lcﬂ{m
n

45

ONB

Definition of network indicators

The dissimilarity index of two neighbours nodes [ and J in a network is defined as

where (] are dictance measures From modes i and J tonode fI Tt provides a comparison of the viewpoints of the entire

network from the Pperspective of the all pairs of neighbouring nodes. For the entire network the dissimilarity index is

1
A=—m——A
nln—1)/2 "

The cluster ing ¢

cient CC (”’I)of an individual node h with kh neig_l)bo\.lrs measures how well the latrer are connected

among cach other. The number of potential links between the [, neighbouwsis k (k
b i = i

; —_ l )f’ 2. Let the actual number
i

of nades between them he E’ 50 that
h
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