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Agenda
Problems"
!
! Which bank is important in an interbank payment system on  
!   a given moment of the day?! !
! Which banks are most disrupted by a given initial problem?!
! Can we provide early warning on liquidity problems?! !
!
Objective"
!
! Develop analytics for a real-time monitoring system!
!
Papers"
!
! “Algorithm for identifying systemically important banks in payment systems”, with 
! Samantha Cook, Economics E-Journal, 2013.!
!
! “Network indicators for monitoring intraday liquidity in BOK-Wire+”, with Seungjin 
! Baek and Yahoo Joon, Journal of Financial Market Infrastructures 2(3), 2014



3

BoK-Wire+
Banks are divided into core (inner 
circle) and periphery (outer circle) 
based on Craig and von Peter 
(2013).!
!
We identify important banks with 
SinkRank algorithm by Soramaki and 
Cook (2014). They are shown with a 
larger node size in the visualization.!
!
Node color reflects bank type:!
• Blue=Domestic banks!
• Green=Financial Intermediaries!
• Red=Foreign Banks!
• Orange=Other
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Typical Payment Networks
Generally  
• Few very large banks  
• Few very strong links 
• High reciprocity 
• High clustering 
• Short path lengths 
!
!
Large systems resemble 
scale free networks. 
!
Very different from random 
or complete networks. 
!
In small networks, 
information is on link 
weights.
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Modeling a Process in the Network
Trajectory !

!
Geodesic paths (shortest paths)!
Any path (visit no node twice)!
Trails (visit no link twice)!
Walks (free movement)!

Transmission !
!
Parallel duplication!
!
Serial duplication !
!
Transfer!

Borgatti (2005)
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SinkRank
Payments move liquidity.!
!
Payments take place on links at some 
given frequency that can be measured.!
!
We are concerned on operational 
failures.The sink can receive payments 
but cannot send any.!
!
Example:!
!
Let’s start by considering one unit of 
liquidity that is moved by payments in a 
simple system of three banks.!
!
At the time of analysis, the unit of 
liquidity can be at either A, B or C.!
!
What is the distance of the unit to the 
different ’sink nodes’?!
!
!
!
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Absorbing Markov Chains
SinkRank uses Absorbing Markov 
Chains to model the flow of liquidity 
to a sink.!
!
SinkRank is the inverse of the 
average distance to a node via 
(weighted) walks from other nodes.!
!
!
!
!
!
!
!
!
We can also calculate from which 
banks this liquidity comes from  
-> most affected nodes

where	
  I	
  is	
  an	
  m	
  x	
  m	
  iden+ty	
  matrix	
  (m	
  =	
  the	
  number	
  of	
  absorbing	
  
states),	
  S	
  is	
  a	
  square	
  (n	
  -­‐	
  m)	
  	
  x	
  (n	
  -­‐	
  m)	
  matrix	
  (n	
  =	
  total	
  number	
  of	
  
states,	
  so	
  n	
  -­‐	
  m	
  =	
  the	
  number	
  of	
  non-­‐absorbing	
  states),	
  0	
  is	
  a	
  zero	
  
matrix	
  and	
  T	
  is	
  an	
  (n	
  -­‐	
  m)	
  x	
  m	
  matrix.	
  

Transi+on	
  Matrix	
  P	
  

The	
  i,jth	
  entry	
  of	
  Q	
  (qij)	
  defines	
  the	
  number	
  of	
  +mes,	
  star+ng	
  in	
  
state	
  i,	
  a	
  process	
  is	
  expected	
  to	
  visit	
  state	
  j	
  before	
  absorp+on.

Fundamental	
  Matrix	
  Q	
  

Star+ng	
  nodes	
  are	
  indexed	
  by	
  i,	
  and	
  nodes	
  visited	
  en-­‐route	
  to	
  sink	
  by	
  j.	
  

SinkRank	
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Liquidity Distribution
Distribu(on+ SinkRank+

A+ 33.33%+ 0.67+
B+ 33.33%+ 0.75%
C+ 33.33%+ 0.40+

A+ 37.5%+ 0.71%
B+ 37.5%+ 0.71%
C+ 25%+ 0.40+

A+ 5%+ 0.95%
B+ 90%+ 0.75+
C+ 5%+ 0.34+

We need an assumption on the 
distribution of liquidity in the 
network at time of failure: 
!
• Assume uniform  

-> unweighted average 
-> B is most important  

!
• Estimate distribution  

-> Weight by steady state liquidity 
distribution that can be calculated by 
normal Markov Chains (PageRank)  
-> A and B are most important 

!
• Use real distribution 

-> Weight by distribution from the 
system that is being modeled 
-> e.g. with  A=5%,B=90%,C=5%, A is 
mot important

=1/((1+2)/2) = 2/(1+2)

=1/ 
((1*0.375 + 2*0.25)/  
(0.375 + 0.25))
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FNA PaymentSimulator
Simula+on	
  model	
  for	
  evalua+ng	
  liquidity	
  saving	
  
mechanisms	
  and	
  stress	
  scenarios	
  in	
  payment	
  
systems.	
  	
  
!
Used	
  e.g.	
  in:	
  
• Berge,	
  T.	
  O.	
  and	
  Christophersen,	
  C.	
  (2012).	
  

Opera+onal	
  problems	
  in	
  banks	
  –	
  Effects	
  on	
  
the	
  seVlement	
  of	
  payments	
  in	
  Norges	
  Bank.	
  
Norges	
  Bank	
  Economic	
  Bulle+n	
  83,	
  36–47.	
  

• McLafferty,	
  J.	
  and	
  Denbee,	
  E.	
  (2012).	
  
Liquidity	
  saving	
  in	
  CHAPS:	
  A	
  Simula+on	
  
Study.	
  

• Soramaki,	
  K	
  and	
  S.	
  Cook	
  (2013).	
  “Algorithm	
  
for	
  iden+fying	
  systemically	
  important	
  banks	
  
in	
  payment	
  systems”,	
  Economics	
  E-­‐Journal.	
  

• Baek,	
  S,	
  J.	
  Joon	
  and	
  K.	
  Soramaki	
  (2014)	
  
“Network	
  indicators	
  for	
  monitoring	
  intraday	
  
liquidity	
  in	
  BOK-­‐Wire+”,	
  Journal	
  of	
  Financial	
  
Market	
  Infrastructures	
  2(3)



11

Distance to Sink

Distance to Sink

We	
  carry	
  out	
  simula+ons	
  with	
  
ar+ficial	
  payment	
  data	
  failing	
  banks	
  
and	
  comparing	
  simula+on	
  results	
  
on	
  disrup+on	
  with	
  Bank’s	
  Distance	
  
to	
  Sink.	
  
!
The	
  chart	
  shows	
  the	
  rela+onship	
  
between	
  ‘Distance	
  to	
  Sink’	
  and	
  
Disrup+on	
  when	
  the	
  bank	
  with	
  
highest	
  SinkRank	
  fails.	
  
!
We	
  observe	
  highest	
  disrup+on	
  to	
  
banks	
  whose	
  liquidity	
  is	
  absorbed	
  
first	
  (i.e.	
  which	
  have	
  low	
  ‘Distance	
  
to	
  Sink’).

D
is

ru
pt

io
n
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Payment System Liquidity Indicator
PSLI is the ratio of projected liquidity demands and projected 
liquidity supply:

Payments pending/ 
queued

Debits so far

Expected debits 
for rest of the day

Balance now
Available overdraft  

facility

Credits so far
Expected credits  

for the rest of the day
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Expected Debits & Credits
Expected credits and debits are 
estimated on the basis of a 
regression model.!
!
The model takes into account the 
value already settled on the given 
day, effects related to reserve 
maintenance and to US holidays 
and the trade values of bonds and 
spot exchange.!
!
The model has a good fit.!

Model for credits!
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Combining SinkRank and PSLI
We combine SinkRank with a measure 
on the banks’ liquidity position (PSLI), 
here at 9am.

SinkRank measures systemic importance."
!
PSLI measures liquidity risk. 

Individual Days Average by Bank
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Conclusions
We developed an analytical framework for real-time monitoring of 
interbank payment systems !
!
SinkRank measures systemic importance and identifies banks 
that are important due to their position in the network, and banks 
that are vulnerable to given disruptions!
!
PSLI measures liquidity risk and identifies banks whose liquidity 
needs exceed their liquidity resources!
!
Together they identify likely sources of disruption and the 
consequences of potential disruptions.!
!
This allows for proactive oversight of interbank payment systems.
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!
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!

Dr. Kimmo Soramäki 
kimmo@fna.fi 
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!
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