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Systemic risk

• i.e. the impact a failure by a participant in the system may have 
on other system participants. 

• ... may become contagious and may eventually impede the 
effective functioning of the payment system or the financial 
system at large. 

• Our questions:
– How much systemic risk can there be?
– Is the largest bank the worst?
– How about multiple failures?

We base our results on simulations where one or more banks are 
set into insolvency at the end of the day and the impact of the 
failure is propagated through the system. 
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Positioning the study
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Methodology

Initial shock: 
A sudden and unexpected failure of a participant. The participant is 
removed from settlement all the payments to and from the participant 
are unwound. Only participants with a net debit position are considered.

Propagation:
1. the remaining participants’ multilateral net positions are 

recalculated
2. all banks with a deterioration in the multilateral position 

exceeding a threshold value and a new net debit position are 
removed from settlement
a) If banks were removed then all payments to and 

from these banks are unwound and the process starts 
over from 1 

b) If no banks were removed, the contagion process ends
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Parameters

Previous research:
Author # of failures selection criteria failure threshold
Humphrey (1986) 1 single largest net creditor capital
Angelini et al (1996) 1 all capital
Bech et al (2002) 1 single largest net debtor 25, .5, .75, 1 * capital

We simulate 

1. for single failure scenario all banks in a net debit position 
2. for the simultaneous failure of 2 and 4 banks all 

combinations of 10 largest banks with a net debit 
position

with 6 failure thresholds (.05,.01, .25, .5, .75, 1) relative to the 
Tier 1 capital of the banks.
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Methodology: Example - slide 1/6

A

F

DB C

4 4
1

23

6

E

The system consists of six participants that have exchanged 
payments during the day. The threshold values for triggering 
failures are in the example the following: 

banks B=C=D=3

banks E=F=1

1
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Methodology: Example - slide 2/6
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We let bank A fail and calculate the changes in multilateral net
positions when payments from and to bank A are removed from 
settlement (unwound). Bank A is the primary failure. As this is 
the first step in the process of contagion, we call this round 
generation 1. 

1
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As a consequence, Bank D is removed from the system and the 
multilateral net positions are recalculated. The recalculation of 
the positions moves the contagion process to the second 
generation. Bank D is the only direct secondary failure.. 

Methodology: Example - slide 3/6
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Methodology: Example - slide 4/6

Bank F fails, as its loss is higher than its threshold value for
failure (2>1). Bank F is the first indirect secondary failure and 
the only failure in the third generation. 
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Methodology: Example - slide 5/6

The failure propagates in the system. Bank C is removed and the 
positions recalculated for the fourth time. The combined 
deterioration caused by the failure of banks A and C on bank B’s
positions is two - less than its capital. 
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Methodology: Example - slide 6/6

The contagion ends at generation five as no new failures take 
place.
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Computing - program

Small Access program
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Computing - Input and output
INPUT - bilateral positions

INPUT - participant data

OUTPUT
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Data

We base our results on the simulation of 21 days of US 
Fedwire data from January 2003.

Turnover Bilateral Multilateral Bilateral Multilateral Capital Daily
Net Position Net Position Netting Effect Netting Effect Links

$billions
Mean 1,286.1    305.9           56.0             76% 96% 0.6        63       
Median 1,259.9    290.5           56.4             76% 96% 0.1        32       
Minimum 1,188.9    274.6           41.0             75% 94% 0.001    1         
Maximum 1,509.8    366.5           81.3             78% 97% 56.2      893     
St. Deviation 91.7         30.1             11.8             1% 1% 3.2        102     
Source: Own Calculations

$billions

Daily Per bank
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Magnitude of systemic risk

Previous research:

Author Period Data Systemic risk
Humphrey (1986) 2 days US (CHIPS) significant
Angelini et al. (1996) 21 days Italy (BI-REL) relatively low
Kuussaari (1996) Finland relatively low
Bech et al (2002) 2 months Denmark (PBS) low
Northcott (2002) 231 days Canada (ACSS) limited, if any

The samples are getting bigger and the effects smaller.
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Systemic risk generally low

The vast majority of bank failures did not cause any systemic 
consequences in the simulations (only 15 - 30 banks per day).
Also the systemic consequences were modest when present:
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… but chances increase as α gets lower

Relationship between the failure threshold and the share  of 
primary failures causing systemic consequences
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… and so does the impact

Relationship between the failure threshold and the number 
of secondary failures caused by a primary failure
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Not always the usual suspect

Comparing the the number of secondary failures caused
• by the single largest net debtor, and
• any other bank with a net debit position
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Virtually any bank? No. 

For α=1. Banks with lower multilateral net debit positions are 
less likely to produce higher systemic consequences
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Virtually any bank? Yes.

For α=0.05. Virtually the failure of any bank, irrespective of its 
multilateral net debit position, could cause severe systemic 
consequences.
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How about multiple primary failures?

The differences are surprisingly small. Seems to be a less 
decisive factor for systemic consequences than the failure 
threshold used.
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Multiple primary failures 2

The value of unsettled payments, does, however increase 
substantially.
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Conclusions

Results: 
- We find the intrinsic systemic risk to be low
- Careful not to study only single largest net debtors, 

especially for liquidity effects
- Multiple primary failures surprisingly benign

Interesting further directions:
- what has happened since Humphrey (1986)?
- what are the drivers of systemic risk? (network topology, 

statistical properties)
- what about more secured forms of settlement?
- ...
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