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CP IDENTIFICATION — NETWORK INDICATORS AND CLUSTERING
Agenda

1
2
3
4
S
6

) Introduction
) Data sets

) Clustering
) Results

) Conclusion
)

Discussion

31 August 2023

Marc Glowka, Alexander Muller and Anne Weber, Deutsche Bundesbank, Simulator Seminar
Slide 3



INTRODUCTION
Current methodology for critical participant identification in TARGET?2

Article 15 of SIPS regulation requires an operator to identify critical participants
based on payment volumes and values, and their potential impact on other
participants and the system in the event of a significant operational problem.

Criterion 1: Participant settles at least 1% of the

total TARGET?2 turnover

. Criterion 2: Participant causes at least 1.5% of
unsettled payments in value terms in the
: simulation of an operational failure
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Participant is classified as critical if at least one of
gl || 11111 T —— the two criteria is met with an additional element
—_—— of time dependency.
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Source: TARGET2 data, Authors’ calculation.

Definition of Criticality

N

* Definition ex-ante unclear

* Goal of the analysis is to assign each
participant a binary label

© Assigned labels cannot be backtested )

7

Additional indicators

Centrality measures could put
interconnectedness more into focus and
enhance transparency of classification

Unsupervised machine learning for threshold
calculation through data-driven clusters

\
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INTRODUCTION
The challenge of combining multiple indicators

A Pre-Condition: Indicators should not be
(perfectly) correlated

Options for combining different

thresholds

» Independent thresholds, condition on all /
at least one / at least X indicators

« Combined thresholds, e.g. conditions
with lower values for all indicators and
conditions with higher values for single
indicators

* Non-linear thresholds, e.g. results of a
cluster analysis
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DATA SET
Network centrality

Out-Degree centrality

*Measures for each node (participant) the number of links to other nodes
+0: the participant sends no transaction to other participants
N +1: the participant sends at least one transaction to all other participants

In-Degree centrality

*Measures for each node (participant) the number of links from other nodes
+0: the participant received no transaction from other participants
| +1: the participant received at least one transaction from all other participants

Eigenvector centrality

*Accounts for the inequality of nodes

*The centrality of one node (participant) is not necessarily depending on the
number of links but also of the centrality of the connected nodes (participants)

*Combines Out- and In-Degree centrality and considers the weight of links
*High value: high influence of the participant and the participant is connected

g to many participants who themselves have high centrality
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DATA SET
Data selection and preparation process

Consolidation of participants to technical platforms (if possible)

Final and participant entered transactions (interbank, customer and
commercial intra-group)

Data from January to December 2021
Indicators: out-degree, in-degree, eigenvector centrality, traffic share
Aggregation to average indicator values

Select the 100 largest participants for each indicator

Data standardisation

Marc Glowka, Alexander Muller and Anne Weber, Deutsche Bundesbank, Simulator Seminar
31 August 2023
Slide 8



DATA SET
Correlation Heatmap

Traffic Share -

QOut Degree -

In Degree -

Eigenvector -

' . . .
Eigenvector In Degree Out Degree Traffic Share
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CLUSTERING
Background: Hierarchical clustering (agglomerative)

: Dendrogram
Clustering process g
1. Starting from the finest partition, each object .{ ____________
(participant) is treated as a separate cluster. e i
2. Calculate the pairwise distances between all “i i —%
grouped Clusters o ::::======:=::=======:::::::?-:i _________________
3. Identify the two most similar clusters (with £e | ' i
the smallest distances) and merge them into ﬁg i
one new cluster i
4. Repeat steps 2 and 3 until all objects ¥ i
(participants) are merged into one common i
cluster. ' i
Algorithm parameter ® LA L

Data poiﬁ-ts

L
Y

Distance metric: Euclidean Distance
Linkage criteria: Ward
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RESULTS
Dendrogram
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Source: TARGET2 data, Authors’ calculation.
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RESULTS
Summary statistics of different Clusters

Not Critical Critical

Number of Participants: 4

Out Degree: In Degree:
J=0,46 @ =0,21

Eigenvector: Traffic Share:
@ =0,81 @ =0,21

Number of Participants: 133
Out Degree: In Degree:
@ = 0,06 @ =0,07
Eigenvector: Traffic Share:
@ =0,01 @ =0,01
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RESULTS
Clustering with Out Degree, In Degree, Eigenvector centrality and Traffic Share
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RESULTS

Comparision to the classification of critical participants through criterion 1

Criterion 1

Alternative
Calibration

General observations

22 participants were classified as critical under
Criterion 1 in 2021.

44 participants fullfilled at least one of the
calibrated data-driven tresholds. The
number would significantly reduce when
setting stricter criteria.

The new method would classify additional
participants, one participant would no longer
be classified.

Clustering results show that it is difficult to
clearly delineate a group of critical participants
with the same number of participants as with
the current methodology.

However, based on the clustering results it is
possible to define data-driven thresholds.
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CONCLUSION
New techniques brings new opportunities and challenges

Network centrality indicators, especially eigenvector centrality, add an additional aspect of
criticality (interconnectedness) to the identification of critical participants.

The clustering clearly identifies a group of very critical participants with high indicator
values.

However, the algorithm has difficulties to clearly divide other groups of participants as the
distances between them are rather small — similar to the thresholds today.

- A potential reaction to the results and the inherent data structure could be to set different
requirements to the group of very critical and potentially critical participants.

Clustering could combine different indicators that are relevant for the criticality of a
participant. The list of indicators could be further expanded to account for other dimensions
of criticality.

Based on the cluster distributions, data-driven thresholds could be defined to classify
participants as critical.
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THE HIERACHY OF CRITICAL PARTICIPANTS
Discussion and Questions

Thank you
very much for
your attention!

i

uB] 1ad R e e e e e ' pansun
E‘I — %E%EE;
T TR == mga ==z
; T T o] i T i T (SR [ [
] | 1 ) W L S e S P B o o
g= iy —= == ,
=== ——1 [ :5=
E=E= =
o
= = : gl »+ Anne Weber
; | e , [ [ Deutsche Bundesbank
DJEUWP{.E FUNE EGRANEK | Payments and Settlement Systems

anne.weber@bundesbank.de

Marc Glowka, Alexander Mller and Anne Weber, Deutsche Bundesbank, Simulator Seminar
31 August 2023
Slide 16


https://favis.inet.bundesbank.de/csdav/nodes/176855873/jan.paulick%40bundesbank.de

	The Hierarchy of Critical Participants - 
	THE HIERACHRY OF CRITICAL PARTICIPANTS �Co-Authors and Disclaimer
	CP IDENTIFICATION – NETWORK INDICATORS AND CLUSTERING �Agenda
	INTRODUCTION�Current methodology for critical participant identification in TARGET2
	INTRODUCTION �Motivation 
	INTRODUCTION�The challenge of combining multiple indicators
	DATA SET�Network centrality
	DATA SET�Data selection and preparation process
	DATA SET�Correlation Heatmap
	CLUSTERING�Background: Hierarchical clustering (agglomerative)�
	RESULTS�Dendrogram
	RESULTS�Summary statistics of different Clusters 
	RESULTS�Clustering with Out Degree, In Degree, Eigenvector centrality and Traffic Share
	RESULTS�Comparision to the classification of critical participants through criterion 1
	CONCLUSION�New techniques brings new opportunities and challenges
	THE HIERACHY OF CRITICAL PARTICIPANTS �Discussion and Questions


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType true

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages false

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /ENU ([Based on 'Kirjapaino'] [Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MarksOffset 8.503940

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



