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Summary

Based on a network model of South African banks using contemporaneous financial attributes:

• disproportional domination by South Africa’s large banks

• based on assessment of changing patterns of self-similarity, and

• systemic risk indicator is characterised by tipping points with respect to two parameters

• suggesting elevated systemic risk under circumstances approaching these tipping points

Suggestions for further research are presented in both cases



1. Background

Regulatory objectives are increasingly framed on the basis of mitigating market failures:

• financial markets play critical roles In the economies served

Among the roles played are:

• facilitating payments for the exchange of goods and services

• pricing, pooling, managing and transferring risk

• pooling or mobilising resources for capital expenditure and infrastructural- or social development

• mobilising savings and financial liquidity, and

• facilitating trade in goods or services between countries and regions.

CFRNZ (undated); Fohlin (2014); Merton (1995); OECD (2010) and World Bank (2012)
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Regulatory objectives are increasingly framed on the basis of mitigating market failures:

• financial markets play critical roles In the economies served

• they are increasingly integrated, potentially contributing to instability

“[…] a complex adaptive system[…] robust and fragile[…] progressively more complex and less diverse”

Andrew Haldane, Bank of England Director of Financial Stability, speech delivered

at the Financial Student Association, Amsterdam, April 2009, page 3

ADB (2017); Bisias et al (2012); Fell & Schinasi (2005); Oosterloo & Haan (2003); Schmukler (2004); Smaga (2014); Winkler (1998)
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1. Background

Regulatory objectives are increasingly framed on the basis of mitigating market failures:

• financial markets play critical roles In the economies served

• they are increasingly integrated, potentially contributing to instability

• they take on a number of forms but are complex, global in reach and intertwined

• they cause substantial (not easily quantified) damage when they fail

• these failures (or imperfections) can have a range of forms and consequences

These include:

• information inequity

• market-power imbalances

• principal-agency conflict

• externalities

Barr & Diamond (2006); Brunnermeier et al (2009); Carvajal et al (2009); CFRNZ (undated); De la Dehesa (2010); FCA (2013); Grochulski & Morrison 
(2014); Healy & Palepu (2001); IMF (2013, 2014b and 2018); Khwaja & Mian (2011); Laffont & Martimort (2002); OECD (2010); Parker, (2002)
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• they are increasingly integrated, potentially contributing to instability

• they take on a number of forms but are complex, global in reach and intertwined

• they cause substantial (not easily quantified) damage when they fail

• these failures (or imperfections) can have a range of forms and consequences

• and the possibility of regulatory failure should not be excluded

Acharya et al (2011); Australian Government (2014); Bisias et al (2012); Cochrane (2014); Falkena et al, (2001); FCA (2013); 
Gillingham and Sweeney (2010); Kim (2011); Ötker-Robe et al (2011); Parker (2002); Weiß et al (2014); Winston (2006)



1. Background

Regulatory objectives are increasingly framed on the basis of mitigating market failures:

• financial markets play critical roles In the economies served

• they are increasingly integrated, potentially contributing to instability

• they take on a number of forms but are complex, global in reach and intertwined

• they cause substantial (not easily quantified) damage when they fail

• these failures (or imperfections) can have a range of forms and consequences

• and the possibility of regulatory failure should not be excluded

• regulation is typically justified on efforts to correct market failure

This calls for:

• a sound understanding of potential failures, and

• clearly defined objectives

APRA (2014); Australian Government (1997); Baldwin & Black (2016); Black (2012 and 2013); Black & Baldwin 
(2010); Cochrane (2014); Falkena et al (2001); Feasibility (2010); FSA (2006 and 2012); Knot (2014); Llewellyn 

(1999); Murray et al (2017); OECD (2010); NTSA (2011a and 2011b); Schwarcz (2019); Zerbe & McCurdy (2000)
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• financial markets play critical roles In the economies served
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• they take on a number of forms but are complex, global in reach and intertwined

• they cause substantial (not easily quantified) damage when they fail

• these failures (or imperfections) can have a range of forms and consequences

• and the possibility of regulatory failure should not be excluded

• regulation is typically justified on efforts to correct market failure

Araten & Turner (2013); Casarano et al (2017); Eling et al (2007); Gatzert & Wesker 2012; Kim 2011; May & Arinaminpathy 2009; 
Moenninghoff et al (2015); Ötker-Robe et al (2011); D Schwarcz & S Schwarcz (2014); Smaga (2014); Swarup (2012); Weber (2010, 2012)

Regulators have come in for criticism from several sources regarding their treatment of systemic risk



1. Background

Regulatory objectives are increasingly framed on the basis of mitigating market failures:

• financial markets play critical roles In the economies served

• they are increasingly integrated, potentially contributing to instability

• they take on a number of forms but are complex, global in reach and intertwined

• they cause substantial (not easily quantified) damage when they fail

• these failures (or imperfections) can have a range of forms and consequences

• and the possibility of regulatory failure should not be excluded

• regulation is typically justified on efforts to correct market failure

Regulators have come in for criticism from several sources regarding their treatment of systemic risk

These studies aim to contribute to our understanding of fragility in South Africa’s banking network



1. Background

The studies described here are part of a series of five:

I. the systemic domination of large banks

II. evidence for tipping points in systemic risk levels

III. assessing systemic risk in South African banks through ΔCoVaR

IV. exploring the possibility of a contribution to systemic risk by South African insurers

V. a practical framework for assessing the contribution to systemic risk by insurers

My thanks to my supervisors and co-authors, Prof Conrad Beyers & Dr Nadine van der Walt (nee Walters)
Sources: IV Rusconi (2020), V Rusconi et al (2023)
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2. Methodology & data

South Africa’s banking market is modelled as a network of linked entities using contemporary data

• banks are represented by nodes in the network

• contagion between banks travels along the edges

• the direction of this propagation is significant

This approach is supported by considerable network-based investigation of banking systems:

• links between the structure of the system and the dynamics of contagion

• investigation of the empirical network dynamics in markets

• assessment of the impacts of 

• concentration of risk in large banks,

• propagation of risk between entities of different sizes

• nature of lending arrangements between entities

• impacts of a range of contagion channels 

• consideration of the regulatory implications of market concentration  

Allen and Gale (2000); Anand, Gai, and Marsili (2012); Andries and Galasan  2020); Boss et al. (2004); Borges, Ulica, and Gubareva (2020); Brusco and Castiglionesi (2007); Caccioli et al. (2014); Claessens (2015); Cocco, 
Gomes, and Martins (2009); Freixas, Parigi, and Rochet (2000); Fricke and Lux (2015); Furceri and Mourougane (2009); Gai, Haldane, and Kapadia (2010); Gai and Kapadia (2010); Garratt, Mahadeva, and Svirydzenka 
(2011); Gauthier, Lehar, and Souissi (2012); Georg and Brink (2011); Huang, Zhou, and Zhu (2012a); Hüser (2016); Inaoka et al. (2004); In't Veld and Van Lelyveld (2014); Iori et al. (2008); Lee (2013); Krause and Giansante 
(2012); Lenzu and Tedeschi (2012); Leitner (2005); Martinez-Jaramillo et al. (2015); May and Arinaminpathy (2009); Neveu (2018); Poledna et al. (2015); Upper and Worms (2004); Roukny et al. (2013); Rørdam and Bech 

(2009); Saramäki et al. (2007); Silva, Stancato de Souza, and Tabak (2016); Tasca, Mavrodiev, and Schweitzer (2014); Teteryatnikova (2014); Upper (2011); Vallascas and Keasey (2012); Walters et al. (2018); Weber (2012)

Walters et al. 
(2018:102)
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South Africa’s banking market is modelled as a network of linked entities using contemporary data

• banks are represented by nodes in the network

• contagion between banks travels along the edges

• the direction of this propagation is significant

• we impose on bank n a shock, in proportion S to its assets an 

• if it is large enough to render it insolvent, San > cn = CET1, then we investigate its impacts on its peers

We use CET1 (Common Equity Tier 1) as a proxy for available cash in an emergency

Gai and Kapadia (2010); Mistrulli (2011); Walters et al. (2018); Wells (2004)
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2. Methodology & data

South Africa’s banking market is modelled as a network of linked entities using contemporary data

• banks are represented by nodes in the network

• contagion between banks travels along the edges

• the direction of this propagation is significant

• we impose on bank n a shock, in proportion S to its assets an 

• if it is large enough to render it insolvent, San > cn = CET1, then we investigate its impacts on its peers

• if other banks also fail, then we consider how their insolvencies in turn impact the remaining banks

• we continue until the system is stable, counting the proportion of banks that have failed

• we define this proportion as the systemic default indicator

• we repeat the simulation exercise 10,000 times and determine the average of this value



2. Methodology & data

We consider three different channels of contagion

• other banks are required to assist with capitalisation of the shocked entity 

Credit shock

• a proportion u of the loss suffered by the shocked bank in excess of its liquid assets, San – cn

• is borne by other banks in proportion to the size of their assets at the time



2. Methodology & data

We consider three different channels of contagion

• other banks are required to assist with capitalisation of the shocked entity

• other banks suffer balance sheet impacts attributable to elevated provisions or forced sale

Liquidity shock

• the asset value ai of bank i is given by aie
-η

• where η is defined separately for short-term, η(s), medium-term, η(m), and long-term, η(l), assets

• following Walters et al (2018) in the allocation of assets to term-based categories



2. Methodology & data

We consider three different channels of contagion

• other banks are required to assist with capitalisation of the shocked entity

• other banks suffer balance sheet impacts attributable to elevated provisions or forced sale

• the value of the assets of other banks fall under market-sentiment effects

• these depend on the proximity of these banks to the shocked bank and scale of assumed impact

Proximity shock

• the asset value, ai, of bank i, is given by aie
-τ/d(i,n)

• where: 

• τ is the extent of the proximity shock, and

• d(i,n) is the shortest possible distance between the respective nodes of banks i and n,

• d(i,n) is an integer impacted by the network structure and overall probability of connections between pairs of banks



2. Methodology & data

We use starting parameters consistent with Walters et al (2018)

Parameter Symbol Channel Definition Starting value

Initial shock S all channels
The proportion of the assets of the bank affected by the impacted 

shock that are assumed to have been lost in the event
0.4

Loss shared U credit shock
The proportion of the assets of the bank affected by the impacted 

shock that are assumed to have been lost in the event
0.3

Short term η(s) liquidity shock
The scale of the reduction to the value of:

… short-term assets of affected banks
0.015

Medium term η(m) liquidity shock … medium-term assets of affected banks 0.015

Long term η(l) liquidity shock … long-term assets of affected banks 0.030

P[connected] p proximity shock
The average probability that any pair of banks in the network is 

connected
0.5

Sentiment factor τ proximity shock
The reduction to the value of the assets of banks assumed to be 

affected by virtue of their proximity to the shocked bank
0.015
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2. Methodology & data

We also use market network models that are consistent with Walters et al (2018)

Network Explanation

Erdös-Rényi The probability of linkages between nodes in the network is constant across the market.

Attraction to size
The probability that a large bank triggers difficulty at a smaller bank is high, but the corresponding probability in the event 

of the initial failure of a small bank is low, also called ‘flight to quality’.

Assortativeness
Banks of similar size have a higher probability of connection. Large banks are more likely to be connected to other large 

banks and small banks to small banks.

Disassortativeness
Banks are assumed more likely to be connected to other banks that are of different size. Small banks are more likely to be 

connected to large banks and the other way around.

Tiered Type I
Large banks are connected to one another with high probability. Small banks have a low probability of being connected 

to each other. The probability of large and small banks being connected to one another lies between these extremes

Tiered Type II
The probability of a small bank being connected to another small bank is low and the probability of a small bank being 

connected to a large bank is higher, but also relatively low. In contrast, large banks are connected to one another with 

high probability and the probability of a large bank connecting to a small bank is relatively high as well.
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Erdös-Rényi (1959); Walters et al. (2018)



2. Methodology & data

We utilise contemporaneous data on South African banks

• most balance sheet data is available from monthly BA900 reports, available from the SARB

• CET1 is extracted from annual financial statements or supporting documents

• typically, available quarterly, 

• translated into ratios and 

• interpolated between available data points



We utilise contemporaneous data on South African banks

• most balance sheet data is available from monthly BA900 reports, available from the SARB

• CET1 is extracted from annual financial statements or supporting documents

• typically, available quarterly, 

• translated into ratios and 

• interpolated between available data points

2. Methodology & data

Examples only, highlights added by author
Sources: HSBC (2016), ‘Pillar 3 Disclosure’, April 2016

Sasfin (2020), ‘Pillar III Risk Management Report 30 Sept 2020

ABSA Group (2019), ‘Basel III Pillar 3 Disclosure as at 31 March 2019
Standard Bank Group (2018), ‘Risk and capital management report as at 31 March 2018

Albaraka Bank (2019), Composition of Capital Disclosure Template, six months ended 2018-12-31
Mercantile Bank (2021), Unaudited Quarterly Disclosure in terms of Regulation 43 Relating to Banks

Investec Bank Group (2019), ‘Basel Pillar III quarterly disclosure report for the quarter ended 31 Dec 2019



2. Methodology & data

Raw BA900 data is of very good quality, particularly recent data

Downloaded from the web site of the South African Reserve Bank, at 
https://www.resbank.co.za/en/home/what-we-do/statistics/releases 

/banking-sectorinformation/banks-ba900-economic-returns, on 3 June, 
5 August and 16 September 2020 and 13 January 2021



2. Methodology & data

Relationships between data items need to be mapped

Downloaded from the web site of the South African Reserve Bank, at 
https://www.resbank.co.za/en/home/what-we-do/statistics/releases 

/banking-sectorinformation/banks-ba900-economic-returns, on 3 June, 
5 August and 16 September 2020 and 13 January 2021



These diagrams show the relationships between BA900 variables Source: author analysis



2. Methodology & data

As an aside, this mapping facilitates summary balance sheets

And, as the difference between balance sheets, income statements

Source: SARB BA900 returns



2. Methodology & data

This table illustrates the core monthly data required for the modelling

Source: SARB BA900 returns and  bank reports

Several banks are excluded on the basis of 
inadequate CET1 data

Some 23 banks formed part of the final 
studies, representing between 98.0% and 
98.7% of total market assets



2. Methodology & data

Modelling extended from April 2015 to September 2020 inclusive

Source: SARB BA900 returns
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3. Large banks

Overall levels of the systemic default indicator are consistent with contemporaneous events

Nenegate Elevated risks of 
credit downgrade

COVID lockdown

Results are consistent with Walters et al 

(2018), which covered the first two years

Correlation tests show intuitive results:

• positive to ΔM0

• inverse to Prime

Patterns with respect to network type 

are also in line with Walters et al (2018) 

and consistent over time

Economic impacts 
of pandemic



3. Large banks

Large banks appear to have a significant impact on the probability of failure of other banks

De-composing into channels:

• credit shock has very little impact
• liquidity shock shows tipping points
• proximity demonstrates time-varying tips

At lower probabilities of inter-
connectedness, differences between 
market models expand

This research focuses on the evidence of 
changes to self-similarity in market patterns 
or its narrower form, the power law or 
Pareto distribution



3. Large banks

Let us test the impacts on the systemic default indicator of removing large banks from the market

This image includes all banks in the sample



3. Large banks

This chart shows the systemic default indicator on the hypothetical removal of the two largest banks



3. Large banks

This chart repeats the analysis following removal of the five largest banks



3. Large banks

Bank-by-bank analysis of the impacts of shocks is more helpful

A semblance of self-similarity 
appears now to be limited to the 
remaining three of the five largest 
bank



3. Large banks

Bank-by-bank analysis of the impacts of shocks is more helpful

Here, self-similarity has almost 
completely disappeared

Hypothetically removing five 
banks appears to have altered 
the nature of the market

Evidence is presented that 
expected patterns of self-similarity 
do not persist when the five 
largest banks are removed, 
suggesting the possibility of a 
systemic market influence



Research limitations

• Simplified balance sheet structures

• Interbank exposures are not accounted for

• Parameters are applied inflexibly

• The same proportional reduction is applied 

to all banks no matter their size

• Variations to impacts result from changes to 

the mix of assumptions

3. Large banks

Proposals for further research

• Consider the hypothetical responses of 

surviving banks

• Explore the impacts of removing size effects 

from the banks included in the study

• Assess the attributes of the medium-sized 

banks in more detail

• Test for sensitivity of results to changes in the 

network, channels of contagion and 

parametric assumptions

• Consider the cost-benefit balance of the 

options available to the regulatory authorities 

to reduce the systemic risk of the largest banks
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4. Tipping points

Some evidence of tipping points from previous study, under the liquidity shock



4. Tipping points

The proximity shock also suggests tipping points, but these vary from month to month

We investigate these in more detail



4. Tipping points

The term tipping points, with variation, is used in several different ways:

• bifurcation is used, in mathematics, physics and chemistry, engineering and medical science

• other expressions include phase transitions and critical transitions, especially in the physical sciences

• tipping and neighbourhood tipping form part of the literature on social segregation

• in climate, terms used include regime shifts or abrupt shifts, self-reinforcing feedbacks, critical 

transitions, climate transitions or tipping points and variations

Ashwin et al. (2012); Beaugrand (2004); Bentley et al. (2014); Bruce & Cowley (1981); Courtney et al. (1995); Crawford (1991); Drijfhout et al. (2015); Founargiotakis et al. (1997); Hoadley (1884); 
Holling (1973); Karagueuziah et al. (2013); Kuznetsov (1997); Landau (1936); Lenton (2013); Lenton, Held et al. (2008); Lenton, Rockstrom et al. (2019); Milkoreit et al. (2018); Peters & Jaffé (1994); 

Poincaré (1885); Ren & Watts (2015); Rocha, Peterson & Biggs (2015); Rocha, Peterson, Bodin et al. (2018); Scheffer, Bascompte et al. (2009); Scheffer, Carpenter et al. (2012); Schelling (1971); 
Schneider et al. (2019); Solé (2011); Steffen et al. (2018); Stinchcombe (1988); Troger & Steindl (1991); Verma et al. (2020)

This study uses the approach of Milkoreit et al (2018:11): 

... a tipping point is a threshold at which small quantitative changes in the system trigger a non-linear change 

process that is driven by system-internal feedback mechanisms and inevitably leads to a qualitatively different 

state of the system, which is often irreversible.



4. Tipping points

We use the same starting parameters as in the Large Banks study, but we vary them one by one

Parameter Symbol Channel Definition Starting value

Initial shock S all channels
The proportion of the assets of the bank affected by the impacted 

shock that are assumed to have been lost in the event
0.4

Loss shared U credit shock
The proportion of the assets of the bank affected by the impacted 

shock that are assumed to have been lost in the event
0.3

Short term η(s) liquidity shock
The scale of the reduction to the value of:

… short-term assets of affected banks
0.015

Medium term η(m) liquidity shock … medium-term assets of affected banks 0.015

Long term η(l) liquidity shock … long-term assets of affected banks 0.030

P[connected] p proximity shock
The average probability that any pair of banks in the network is 

connected
0.5

Sentiment factor τ proximity shock
The reduction to the value of the assets of banks assumed to be 

affected by virtue of their proximity to the shocked bank
0.015
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4. Tipping points

We limit ourselves in this case to the random probabilities network model

Network Explanation

Erdös-Rényi The probability of linkages between nodes in the network is constant across the market.

Attraction to size
The probability that a large bank triggers difficulty at a smaller bank is high, but the corresponding probability in the event 

of the initial failure of a small bank is low, also called ‘flight to quality’.

Assortativeness
Banks of similar size have a higher probability of connection. Large banks are more likely to be connected to other large 

banks and small banks to small banks.

Disassortativeness
Banks are assumed more likely to be connected to other banks that are of different size. Small banks are more likely to be 

connected to large banks and the other way around.

Tiered Type I
Large banks are connected to one another with high probability. Small banks have a low probability of being connected 

to each other. The probability of large and small banks being connected to one another lies between these extremes

Tiered Type II
The probability of a small bank being connected to another small bank is low and the probability of a small bank being 

connected to a large bank is higher, but also relatively low. In contrast, large banks are connected to one another with 

high probability and the probability of a large bank connecting to a small bank is relatively high as well.
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Erdös-Rényi (1959); Walters et al. (2018)



4. Tipping points

The pattern of the systemic default indicator by time is the same as before, considering only the 

network model with random probabilities of links between banks



4. Tipping points

We vary the initial shock, testing the credit shock impact only

Changes to the systemic default indicator are relatively 
smooth with respect to changes to the initial shock, 
though the impact varies over time

Starting valueDefinitionChannelSymbolParameter

0.4
The proportion of the assets of the bank affected by the impacted 

shock that are assumed to have been lost in the event
all channelsSInitial shock

0.3
The proportion of the assets of the bank affected by the impacted 

shock that are assumed to have been lost in the event
credit shockULoss shared

0.015
The scale of the reduction to the value of:

… short-term assets of affected banks
liquidity shockη(s)Short term

0.015… medium-term assets of affected banksliquidity shockη(m)Medium term

0.030… long-term assets of affected banksliquidity shockη(l)Long term

0.5
The average probability that any pair of banks in the network is 

connected
proximity shockpP[connected]

0.015
The reduction to the value of the assets of banks assumed to be 

affected by virtue of their proximity to the shocked bank
proximity shockτSentiment factor



4. Tipping points

Now, we vary the loss shared, still testing credit shock only

Again, the systemic default indicator changes 
smoothly with respect to the loss shared assumption

Starting valueDefinitionChannelSymbolParameter

0.4
The proportion of the assets of the bank affected by the impacted 

shock that are assumed to have been lost in the event
all channelsSInitial shock

0.3
The proportion of the assets of the bank affected by the impacted 

shock that are assumed to have been lost in the event
credit shockULoss shared

0.015
The scale of the reduction to the value of:

… short-term assets of affected banks
liquidity shockη(s)Short term

0.015… medium-term assets of affected banksliquidity shockη(m)Medium term

0.030… long-term assets of affected banksliquidity shockη(l)Long term

0.5
The average probability that any pair of banks in the network is 

connected
proximity shockpP[connected]

0.015
The reduction to the value of the assets of banks assumed to be 

affected by virtue of their proximity to the shocked bank
proximity shockτSentiment factor



4. Tipping points

Next, we consider the impacts of changes to the probability of connection, on proximity shock only

The impact of the probabilities of link on systemic risk via 
the proximity shock is particularly smooth, proportionally 
greater at low levels this probability

Starting valueDefinitionChannelSymbolParameter

0.4
The proportion of the assets of the bank affected by the impacted 

shock that are assumed to have been lost in the event
all channelsSInitial shock

0.3
The proportion of the assets of the bank affected by the impacted 

shock that are assumed to have been lost in the event
credit shockULoss shared

0.015
The scale of the reduction to the value of:

… short-term assets of affected banks
liquidity shockη(s)Short term

0.015… medium-term assets of affected banksliquidity shockη(m)Medium term

0.030… long-term assets of affected banksliquidity shockη(l)Long term

0.5
The average probability that any pair of banks in the network is 

connected
proximity shockpP[connected]

0.015
The reduction to the value of the assets of banks assumed to be 

affected by virtue of their proximity to the shocked bank
proximity shockτSentiment factor



4. Tipping points

We consider the impacts of changes to the sentiment factor, the market reaction a shock , testing 

the credit shock impact only

This is our first suggestion of a tipping point in the 
impact of the parameter on systemic risk

Starting valueDefinitionChannelSymbolParameter

0.4
The proportion of the assets of the bank affected by the impacted 

shock that are assumed to have been lost in the event
all channelsSInitial shock

0.3
The proportion of the assets of the bank affected by the impacted 

shock that are assumed to have been lost in the event
credit shockULoss shared

0.015
The scale of the reduction to the value of:

… short-term assets of affected banks
liquidity shockη(s)Short term

0.015… medium-term assets of affected banksliquidity shockη(m)Medium term

0.030… long-term assets of affected banksliquidity shockη(l)Long term

0.5
The average probability that any pair of banks in the network is 

connected
proximity shockpP[connected]

0.015
The reduction to the value of the assets of banks assumed to be 

affected by virtue of their proximity to the shocked bank
proximity shockτSentiment factor



4. Tipping points

Finally, we test changes to the reduction to the values of bank assets via the liquidity shock

We appear to have evidence of a substantial 
tipping point whose value fluctuates over 
time with changes to market conditions

For this illustration, the parameters are 
changed proportionally at all asset terms
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The average probability that any pair of banks in the network is 

connected
proximity shockpP[connected]

0.015
The reduction to the value of the assets of banks assumed to be 

affected by virtue of their proximity to the shocked bank
proximity shockτSentiment factor



4. Tipping points

Tests determined the impacts of alternative networks and combinations of contagion channels

The extreme nature of the tipping point has 
dampened, but it appears to occur now at slightly 
lower levels

This shows liquidity shock impacts in 
combination with all channels

Starting valueDefinitionChannelSymbolParameter

0.4
The proportion of the assets of the bank affected by the impacted 

shock that are assumed to have been lost in the event
all channelsSInitial shock

0.3
The proportion of the assets of the bank affected by the impacted 

shock that are assumed to have been lost in the event
credit shockULoss shared

0.015
The scale of the reduction to the value of:

… short-term assets of affected banks
liquidity shockη(s)Short term

0.015… medium-term assets of affected banksliquidity shockη(m)Medium term

0.030… long-term assets of affected banksliquidity shockη(l)Long term

0.5
The average probability that any pair of banks in the network is 

connected
proximity shockpP[connected]

0.015
The reduction to the value of the assets of banks assumed to be 

affected by virtue of their proximity to the shocked bank
proximity shockτSentiment factor



Research limitations

• Bank-specific detail is not considered

• Variations to SARB responses are not 

assessed

• The same proportional reduction to the 

values of surviving banks is applied on 

second and subsequent defaults of peers

• Simplistic modelling methods are used

• The likelihood of channels is not explored

• The sensitivity tests are rudimentary

4. Tipping points

Proposals for further research

• Assess the sensitivity of results to changes in the 

attributes or responses of banks

• Consider alternative approaches to modelling 

different responses by the banking regulator

• Assess the impact of a decay factor that 

reduces this proportional impact

• Apply a multi-variate approach and measure 

the credibility of results

• Research the probability of contagion channels

• Further testing of the sensitivity of results to 

changes in assumptions, especially in the case 

of multiple channels, would be helpful



Research limitations (cont.)

• The range of parameters for each assumed 

channel have not been verified

• A full investigation of the impacts of 

different market networks has not been 

undertaken

• Not a great deal is known concerning the 

nature of South Africa’s banking network

4. Tipping points

Proposals for further research (cont.)

• Carry out tests of the credible ranges of the 

assumptions for each channel

• Research the relationship between the tipping 

points and a range of market networks

• Assess the available evidence concerning the 

nature of the banking network in this country
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5. Concluding comments

Systemic risk is of significant concern to financial-sector regulators:

• with an intrinsically peer-to-peer system, banks contribute significantly to systemic risk

• network modelling is widely used to assess the systemic risk attributes of individual banks

This study is a network simulation that uses contemporaneous banking data to assess systemic risk

Two findings are presented:

• the large banks appear to exert a disproportional impact on the incidence of systemic risk

• significant tipping points in market indicators of systemic risk with respect to two modelling 

parameters are identified

Several further areas for further research are proposed



Agenda

1. Background

2. Methodology & data

3. Large banks

4. Tipping points

5. Concluding comments

References

Network models of systemic risk in banking



References

Acharya, VV, T Cooley, M Richardson & I Walter (2011). ‘Market Failures and Regulatory Failures: Lessons from Past and Present Financial Crises’, ADBI Working Paper Series No. 264, Asian Development Bank Institute, February

Acharya, VV, RF Engle, and M Richardson (2012). ‘Capital Shortfall: A New Approach to Ranking and Regulating Systemic Risks’, American Economic Review 102.3, pp. 59–64.

Acharya, VV, LH LH Pedersen, et al. (2010). ‘Measuring Systemic Risk’. Working Paper. Federal Reserve Bank of Cleveland

Acharya, VV, LH Pedersen, T Philippon, T & M Richardson (2017). ‘Measuring Systemic Risk’, The Review of Financial Studies, Vol. 30, No. 1, 2–47

Adams, Z, Füss, R & Gropp, R (2014). ‘Spillover effects among financial institutions: A state-dependent sensitivity Value-at-Risk approach’. Journal of Financial and Quantitative Analysis 49(3), 575–98

ADB (2017). ‘Asian Economic Integration Report’, Asian Development Bank, October

Adrian, T & Brunnermeier, MK (2016). ‘CoVaR’. American Economic Review 106(7), 1705–41

Aikman, D, AG Haldane & S Kapadia (2013). ‘Operationalising a Macroprudential Regime: Goals, Tools and Open Issues’, Estabilidad Financiera, Núm 24, Banco de España

Allen, F & X Gu (2018). ‘The Interplay between Regulations and Financial Stability’, Journal of Financial Services Research, Vol. 53, 233–248

Al-Darwish, A, Hafeman, M, Impavido, G, Kemp, M & O’Malley, P (2011). ‘Possible unintended consequences of Basel III and Solvency II’. Working Paper WP/11/187. International Monetary Fund

APRA (2014). ‘Annual Report 2014’, Australian Prudential Regulation Authority, October

Araten, M & C Turner (2013). ‘Understanding the funding cost differences between global systemically important banks and non-G-SIBs in the USA’, Journal of Risk Management in Financial Institutions, Vol. 6, 387–410

Ashwin, P, S Wieczorek, R Vitolo, and P Cox (2012). “Tipping Points in Open Systems: Bifurcation, Noise-induced and Rate-dependent Examples in the Climate System”. In: Philosophical Transactions of the Royal Society 370, pp. 1166–1184

Australian Government (1997). ‘Financial System Inquiry Final Report’, commonly referred to as “The Wallis Inquiry”, Commonwealth of Australia, available at http://fsi.gov.au/publications/

______ (2014). ‘Financial System Inquiry: Final Report’, Commonwealth of Australia, November

Baldwin, R & J Black (2016). ‘Driving Priorities in Risk-based Regulation: What’s the Problem?’, Journal of Law and Society, Vol. 43, No. 4, December

Baluch, F, S Mutenga, & C Parsons (2011). ‘Insurance, Systemic Risk and the Financial Crisis’, The Geneva Papers, Vol. 36, 126–163Barr, N & P Diamond (2006). ‘The Economics of Pensions’, Oxford Review of Economic Policy, Vol. 22, No. 1 

Baranoff, E (2012), ‘An analysis of the AIG case: Understanding systemic risk and its relation to insurance’, Journal of Insurance Regulation; Kansas City 31(1), 243–70

Barsotti, F, X Milhaud, & Y Salhi (2016). ‘Lapse Risk in Life Insurance: Correlation and Contagion Effects among Policyholders’ Behaviors’, Insurance: Mathematics and Economics, Vol. 71, 317–331

Beaugrand, G (2004). “The North Sea Regime Shift: Evidence, Causes, Mechanisms and Consequences”. In: Progress in Oceanography 60, pp. 245–262

Benoit, S, J Colliard, C Hurlin & C Pérignon (2017). ‘Where the Risks Lie: A Survey on Systemic Risk’, Review of Finance, Vol. 21, Issue 1, 109–152

Bentley, RA et al. (2014). “Social Tipping Points and Earth Systems Dynamics”. In: Frontiers in Environmental Science 2.Article 35

Bierth, C, F Irresberger, F & GNF Weiß (2015). ‘Systemic risk of insurers around the globe’, Journal of Banking and Finance, Vol. 55, 232–245

Billio, M, Getmansky, M, Lo, AW & Pelizon, L (2012). ‘Econometric Measures of Connectedness and Systemic Risk in the Finance and Insurance Sectors’, Journal of Financ ial Economics, Vol. 104, 535–59

Bisias, D, M Flood, AW Lo & S Valavans (2012). ‘A Survey of Systemic Risk Analytics’, Annual Review of Financial Economics 4, No. 1, 255–296, October

Black, J (2012). ‘Calling Regulators to Account: Challenges, Capacities and Prospects’, LSE Law, Society and Economy Working Papers 15/2012, London School of Economics and Political Science

______ (2013). ‘Reconceiving Financial Markets – From the Economic to the Social’, Journal of Corporate Law Studies, Vol. 13, Part 2, 401–442

Black, J & R Baldwin (2010). ‘Really Responsive Risk-based Regulation’, Law & Policy, Vol. 32, No. 2, 181–213, April

Bobtcheff, C, T Chaney & C Gollier (2016). ‘Analysis of Systemic Risk in the Insurance Industry’, The Geneva Papers, Vol. 41, 73–106

Boyd, JH & A Heitz (2016). ‘The Social Costs and Benefits of Too-big-to-fail Banks: A “Bounding” Exercise’, Journal of Banking & Finance, Vol. 68, 251–265

Brownlees, CT & Engle, RF (2017). ‘SRISK: A Conditional Capital Shortfall Measure of Systemic Risk’, Review of Financial Studies, Vol. 30, No. 1, 48–79

Bruce, AD and RA Cowley (1981). Structural phase transitions. London: Taylor & Francis.

Brunnermeier M, A Crocket, C Goodhart, AD Persaud & H Shin (2009). ‘The Fundamental Principles of Financial Regulation’, Geneva Reports on the World Economy 11, International Center for Monetary and Banking Studies and the Centre for Economic 

Policy Research

Carvajal, A, R Dodd, M Moore, E Nier, I Tower & L Zanforlin (2009). ‘The Perimeter of Financial Regulation’, IMF Staff Position Note SPN/09/07, International Monetary Fund

Cerra, V & SC Saxena (2017). ‘Booms, Crises, and Recoveries: A New Paradigm of the Business Cycle and Its Policy Implications’, IMF Working Paper, WP/17/250. International Monetary Fund

CFRNZ (undated), ‘Regulatory Charter: Financial Markets Regulatory System’, New Zealand Council of Financial Regulators, https://fma.govt.nz/assets/FMAs-role/160819-Financial-Markets-Charter.pdf, 19 Feb 2018

Chen, H, JD Cummins, KS Viswanathan & MA Weiss (2013), ‘Systemic Risk and the Interconnectedness between Banks and Insurers: An Econometric Analysis’, Journal of Risk and Insurance, Vol. 81, No. 3, 623–52

Chen, H & T Sun (2019). ‘Tail Risk Networks of Insurers Around the World: An Empirical Examination of Systematic Risk for G-SIIs vs Non-G-SIIs’, Journal of Risk and Insurance, Vol. 86, No. 1, 1–34

Coates, JC (2015). ‘Cost-benefit Analysis of Financial Regulation: Case Studies & Implications’, The Yale Law Journal, Vol. 124, 882–1011

Cochrane, JC (2014). ‘Challenges for Cost-Benefit Analysis of Financial Regulation’, Journal of Legal Studies, Vol 43, S63–S105, University of Chicago

Cornaro, A & GP Clemente (2023), ‘Assessing Systemic Risk and the Insurance Sector via Network Theory’, Variance, Vol. 16, No. 2

Courtney, M, H Jiao, N Spellmeyer, and D Kleppner (1995). “Closed Orbit Bifurcations in Continuum Stark Spectra”. In: Physical Review Letters 74.9, pp. 1538–1541.

Crawford, JD (1991). “Introduction to Bifurcation Theory”. In: Reviews of Modern Physics 63.4, pp. 991–1037.

The references listed here are not all cited in the slide deck



References

The references listed here are not all cited in the slide deck

Cummins, JD & MA Weiss (2013), ‘Systemic risk and regulation of the US insurance industry’, Working Paper, Temple University, Philadelphia

______ (2014). ‘Systemic Risk and the US Insurance Sector’, Journal of Risk and Insurance, Vol. 81, No. 3, 489–527

De Bandt, O & P Hartmann (2000). ‘Systemic Risk: A Survey’, European Central Bank, Working Paper No. 35, November

De la Dehesa, G (2010). ‘Twelve Market and Government Failures Leading to the 2008–09 Financial Crisis’, Occasional Paper 80, Group of 30

Detzer, D (2014). ‘The German Financial System and the Financial Crisis’, Intereconomics 2014 (2), p 57–64, part of a set of country studies entitled ‘Financial Systems in Financial Crisis – An Analysis of Banking Systems in the EU’, ZBW – Leibniz Information 

Centre for Economics

Drijfhout, S, S Bathiany, C Beaulieu, V Brovkin, M Claussen, C Huntingford, M Scheffer, G Sgubin, and D Swingedouw (2015). “Abrupt Shifts in IPCC climate models”. In: Proceedings of the National Academy of Sciences 112.43, E5777–E5786.

ECB (2012). ‘The Interplay of Financial Intermediaries and its impact on Monetary Analysis’, Monthly Bulletin, January, 59–73

EIOPA (2017), ‘Systemic Risk and Macroprudential Policy in Insurance’, European Insurance and Occupational Pensions Authority, Publications Office of the European Union

______ (2019). ‘Discussion Paper on Systemic Risk and Macroprudential Policy in Insurance’, European Insurance and Occupational Pensions Authority, Publications Office of the European Union

Eling, M & DA Pankoke (2016). ‘Systemic Risk in the Insurance Sector: A Review and Directions for Future Research’, Risk Management and Insurance Review, Vol. 19, No. 2, 249–284

Elyasiani, E, SK Staikouras & P Dontis-Charitos (2015). ‘Cross-industry Product Diversification and Contagion in Risk and Return: The Case of Bank-Insurance and Insurance-Bank Takeovers’, Journal of Risk and Insurance, Vol. 83, No. 3, 681718

Erskine, A (2014). ‘Regulating the Australian Financial System’, The Funding Australia’s Future Project, Australian Centre for Financial Studies

FCA (2013). ‘How the Financial Conduct Authority will investigate and report on regulatory failure’, Financial Conduct Authority, United Kingdom, April

Feasibility (2010). ‘Treating customers fairly A discussion paper prepared for the Financial Services Board’, published by the Financial Services Board, South Africa

Fell, J & G Schinasi (2005). ‘Assessing Financial Stability: Exploring the Boundaries of Analysis’, National Institute Economic Review, No. 192, 102–117, April

Floreani, A (2013). ‘Risk measures and capital requirements: A critique of the Solvency II approach’. The Geneva Papers 38, 189–212

Fohlin, C (2014). ‘Financial Systems and Economic Development in Historical Perspective’, available at SSRN: https://ssrn. com/abstract=2524109, November, published in 2016 as Diebolt, C & M Haupert (Eds) ‘Financial Systems’, in ‘Handbook of 

Cliometrics’, Springer- Verlag, Berlin, Heidelberg

Founargiotakis, M, SC Farantos, Ch Skokos, and G Contopoulos (1997). “Bifurcation Diagrams of Periodic Orbits for Unbound Molecular Systems: FH2”. In: Chemical Physics Letters 277, pp. 456–464.

FSA (2006). ‘A Guide to Market Failure Analysis and High Level Cost Benefit Analysis’, Financial Services Authority, November

______ (2012). ‘Journey to the FCA: To make financial markets work well so customers get a fair deal’, October

Fung, DWH & JJH Yeh (2018). ‘Is the New Regulation Successful in Reducing Systemic Risk of Global Systemically Important Insurers? Empirical Evidence from Insurers around the Globe’, Journal of Insurance Issues, Vol. 41, No. 1, 1–54

Geneva Association (2010b). ‘Systemic Risk in Insurance: An analysis of insurance and financial stability’, Special Report of The Geneva Association Systemic Risk Working Group, Geneva, March

Georg, C (2011). ‘Basel III and Systemic Risk Regulation – What Way Forward?’, Working Papers on Global Financial Markets, No. 17, Graduiertenkolleg Konstitutionelle Grundlagen globalisierter Finanzmärkte – Stabilität und Wandel, Jena und Halle 

(Saale), January

Giglio, S (2016). ‘Credit Default Swap Spreads and Systemic Financial Risk’, European Systemic Risk Board, Working Paper Series No. 15, European System of Financial Supervision, June

Gillingham, K & J Sweeney (2010). ‘Market Failure and the Structure of Externalities’, in Moselle, B, J Padilla & R Schmalensee (Ed.), Harnessing Renewable Energy in Electric Power Systems: Theory, Practice & Policy, Taylor & Francis, Abingdon & New York, 

September

Grace, MF, Rauch, J & Wende, S (2013), ‘Systemic risk and interconnectedness in the financial industry: Implications on regulation of financial conglomerates’, Working Paper, Georgia State University, Atlanta

Grochulski, B & W Morrison (2014). ‘Understanding Market Failure in the 2007–08 Crisis’, Economic Brief 14–12, Federal Reserve Bank of Richmond, December

Group of Ten (2001). ‘Report on Consolidation in the Financial Sector’, Co-published by the Bank for International Settlements, the International Monetary Fund and the Organisation for Economic Cooperation and Development, IBNR 92-9131-611-3

Hansen, LP (2013). ‘Challenges in Identifying and Measuring Systemic Risk’, BFI Working Paper Series No. 2012–012, Becker Friedman Institute for Research in Economics, University of Chicago, February

Harrington, SE (2009). ‘The Financial Crisis, Systemic Risk, and the Future of Insurance Regulation’, Journal of Risk and Insurance, Vol. 76, No. 4, Business Premium Collection, 785–819

Hauton, G & J Héam (2015). ‘Interconnectedness of Financial Conglomerates’, Risks, 2015, Vol. 3, 139–163

Hautsch, N, J Schaumburg & M Schienle (2015). ‘Financial Network Systemic Risk Contributions’, Review of Finance, Vol. 19, Issue 2, 685–738

Healy, PM & KG Palepu (2001). ‘Information asymmetry, corporate disclosure, and the capital markets: A review of the empirical disclosure literature’, Journal of Accounting and Economics 31, 405–440

Ho, TSY, M Palacios, & HR Stoll (2013). ‘Dynamic Financial System: Complexity, Fragility and Regulatory Principles’, Financial Markets, Institutions & Instruments, Topics in Financial Intermediation, New York University Salomon Center, with Wiley Periodicals

Hoadley, JC (1884). “A Tilting Water Meter for Purposes of Experiment”. In: Journal of The Franklin Institute 117, pp. 273–78.

Holling, CS (1973). “Resilience and Stability of Ecological Systems”. In: Annual Review of Ecology and Systematics 4, pp. 1–23.

Hufeld, F, Koijen, RSJ & Thimann, C (2017). ‘The Invisible Service: The Economics, Regulation and Systemic Risk of Insurance Markets’, VOX, CEPR Policy Porta l, https://voxeu.org/article/economics-regulation-and-systemic-risk-insurance-markets, 

downloaded 24 Feb 2020

Huang, X, H Zhou & H Zhu (2012). ‘Systemic Risk Contributions’, Journal of Financial Services Research, Vol. 42, 55–83

IAIS (2011), ‘Insurance and financial stability’. International Association of Insurance Supervisors

______ (2018). ‘Holistic framework for systemic risk in the insurance sector’, public consultation document. International Association of Insurance Supervisors, November

______(2019). ‘Holistic Framework for systemic risk in the insurance sector’. International Association of Insurance Supervisors, November



References

The references listed here are not all cited in the slide deck

IMF (2013). ‘Key Aspects of Macroprudential Policy’, June

______ (2014b). ‘Staff Guidance Note on Macroprudential Policy’, November

______ (2018). ‘The IMF’s Annual Macroprudential Policy Survey – Objectives, Design and Country Responses’, April

Jobst, AA (2014). ‘Systemic Risk in the Insurance Sector: A Review of Current Assessment Approaches’, The Geneva Papers, Vol. 39, 440–470

Kanno, M (2016). ‘The Network Structure and Systemic Risk in the Global Non-life Insurance Market’, Insurance: Mathematics and Economics, Vol. 67, 38–53

Karagueuziah, HS, H Stepanyan, and WJ Mandel (2013). “Bifurcation Theory and Cardiac Arrhythmias”. In: American Journal of Cardiovascular Disease 3.1, pp. 1–16.

Kaserer, C & C Klein (2019). ‘Systemic Risk in Financial Markets: How Systemically Important are Insurers?’, Journal of Risk and Insurance, Vol. 86, No. 3, 729–759

Kessler, D (2014). ‘Why (Re)insurance is Not Systemic’, Journal of Risk and Insurance, Vol. 81, No. 3, 477–487

Khwaja, AI & A Mian (2011). ‘Rent Seeking and Corruption in Financial Markets’, Annual Review of Economics, Vol. 3, 579600

Kim, Y (2011). ‘International Policy Coordination Mechanism with respect to the Moral Hazards of Financial Intermediaries’, Economic Modelling, Vol. 28, 1914–1922

Klein, RW (2012b). ‘Principles for Insurance Regulation: An Evaluation of Current Practices and Potential Reforms’, The Geneva Papers, Vol. 37, 175–199

______ (2013). Insurance market regulation: Catastrophe risk, competition and systemic risk. In: Handbook of Insurance. (Ed.) G Dionne., 2nd ed. New York: Springer, 909–39

Knot, K (2014). ‘Governance of Macroprudential Policy’, in Financial Stability Review (2014). ‘Macroprudential Policies: Implementation and Interactions’, Banque de France, April

Koijen, RSJ & M Yogo (2017). ‘Risk of Life Insurers: Recent Trends and Transmission Mechanisms’, NBER Working Paper No. 23365, April

Kuznetsov, YA (1997). Elements of Applied Bifurcation Theory. Springer-Verlag: New York

Laffont, J & D Martimort (2002). The Theory of Incentives – The Principal-Agent Model. Princeton University Press, Princeton

Landau, L (1936). “The Theory of Phase Transitions”. In: Nature 138, pp. 840–841

Lee, C, W Huang & C Yin (2013). ‘The Dynamic Interactions among the Stock, Bond and Insurance Markets’, North American Journal of Economics and Finance, Vol. 26, 28–52

Lenton, TM (2013). “Environmental Tipping Points”. In: Annual Review of Environment and Resources 38, pp. 1–29

Lenton, TM, H Held, E Kriegler, JW Hall, W Lucht, S Rahmstorf, and HJ Schellnhuber (2008). “Tipping Elements in the Earth’s Climate System”. In: Proceedings of the National Academy of Sciences 105.6, pp. 1786–1793

Lenton, TM, J Rockstrom, O Gaffney, S Rahmsdorf, K Richardson, W Steffen, and HJ Schellnhuber (2019). “Climate Tipping Points - Too Risky to Bet Against”. In: Nature 575, pp. 592–595

Llewellyn, DT (1999). ‘The Economic Rationale for Financial Regulation’, Occasional Paper Series No. 1, Financial Services Authority, April

Martinez-Jaramillo, S, B Alexandrova-Kabadjova, B Bravo-Benitez & JP Solórzano-Margain (2015). ‘An empirical study of the Mexican banking system’s network and its implications for systemic risk’, Journal of Economic Dynamics & Control, 20, 70–81

May, RM & N Arinaminpathy (2010). ‘Systemic Risk: The Dynamics of Model Banking Systems’, Journal of the Royal Society Interface, Vol. 7, 823–838

Merton, RC (1995). ‘A Functional Perspective of Financial Intermediation’, Financial Management, Vol. 24, No. 2, 23–41

Milkoreit, M, J Hodbod, J Baggio, K Benessaiah, R Calder´on-Contreras, JF Donges, D Mathias, JC Rocha, M Schoon, and SE Werners (2018). “Defining Tipping Points for Social-ecological Systems Scholarship - An Interdisciplinary Literature Review”. In: 

Environmental Research Letters 13.033005.

Moenninghoff, SC, S Ongena, & A Wieandt (2015). ‘The Perennial Challenge to Counter Too-Big-to-Fail in Banking: Empirical Evidence from the new International Regulation Dealing with Global Systemically Important Banks’, Journal of Banking & 

Finance, Vol. 61, 221–236

Murray, N, AK Manrai & LA Manrai (2017). ‘The Financial Services Industry and Society: The Role of Incentives/Punishments, Moral Hazard, and Conflicts of Interests in the 2008 Financial Crisis’, Journal of Economics, Finance and Administrative Science, 

Vol. 22, Issue 43, 168–190

Nier, E, J Yang, T Yorulmazer & A Alentorn (2007). ‘Network Models and Financial Stability’, Journal of Economic Dynamics & Control, Vol. 31, 2033–2060

NTSA (2011a). ‘A Safer Financial Sector to Serve South Africa Better’, Policy Document, National Treasury, South Africa, February

______ (2011b). ‘Reviewing the Regulation of Financial Markets in South Africa’, Policy document explaining the Financial Markets Bill, 2011, August

OECD (2010). ‘Policy Framework for Effective and Efficient Financial Regulation: General Guidance and High-level Checklist’, Organisation for Economic Cooperation and Development Publishing, Paris

Oosterloo, S & J de Haan (2003). ‘A Survey of Institutional Frameworks for Financial Stability’, Occasional Studies Vol. 1, No. 4, De Nederlandsche Bank, 11–16

Ötker-Robe, I, A Narain, A Ilyina & J Surti (2011). ‘The Too-Important-to-Fail Conundrum: Impossible to Ignore and Difficult to Resolve’, IMF Staff Discussion Note, SDN/11/12, International Management Fund, May

Parker, D (2002). ‘Economic Regulation: A Review of Issues’, Annals of Public and Cooperative Economics, Vol. 73, No. 4, 493–519

Peters, AD and C Jaff´e (1994). “Quantum Manifestations of Bifurcations of Classical Orbits: An Exactly Solvable Model”. In: Physical Review Letters 73.21, pp. 2825–2829

Poledna, S, JL Molina-Borboa, S Martínez-Jaramillo, M van der Leij & S Thurner (2015), ‘The multilayer network nature of systemic risk and its implications for the costs of financial crises’. Journal of Financial Stability Vol. 20, 70–81

Poincaré, H (1885). “Sur l’´equilibre d’une masse fluide anim´ee d’un mouvement de rotation”. In: Acta Mathematica 7, pp. 259–380

Posner E & EG Weyl (2013b). ‘Benefit-Cost Analysis for Financial Regulation’, American Economic Review: Papers and Proceedings 2013, 103(3), 393–397, May

Rae, RA, Barrett, R, Brooks, D, Chotai, MA, Pelkiewicz, AJ & Wang, C (2017). ‘A review of Solvency II: Has it met its objectives?’, Solvency II Working Party. Institute and Faculty of Actuaries

Reinhart, CM & KS Rogoff (2008). ‘Is the 2007 US Sub-prime Financial Crisis so Different? An International Historical Comparison’, American Economic Review, Vol. 98, No. 2, 339–344

________ (2011). This Time Is Different: Eight Centuries of Financial Folly, Princeton University Press, Princeton, New Jersey



References

The references listed here are not all cited in the slide deck

Ren, H and D Watts (2015). “Early Warning Signals for Critical Transitions in Power Systems”. In: Electric Power Systems Research 124, pp. 173–180

Rocha, JC, GD Peterson, and R Biggs (2015). “Regime Shifts in the Anthropocene: Drivers, Risks and Resilience”. In: PLOS ONE 10.8, e0134639

Rocha, JC, GD Peterson, O Bodin, and S Levin (2018). “Cascading Regime Shifts Within and Across Scales”. In: Science 362, pp. 1379–1383

Rudolph, MJ (2017). ‘Reviewing Systemic Risk within the Insurance Industry’, Society of Actuaries, February

Rusconi, RD (2020), ‘The contribution of insurers to systemic risk: thoughts for policymakers’, SAAJ Vol. 20, 149-210

Rusconi, RD, FJC Beyers & NM Walters (2023), ‘The contribution of insurers to systemic risk: A practical framework for regulators’, SAAJ Vol. 23, 23–58

Russell, DT, SG Fier, JM Carson & RE Dumm (2013). ‘An Empirical Analysis of Life Insurance Policy Surrender Activity’, Journal of Insurance Issues, Vol. 36, No. 1, 35–57

Safa, MF, MK Hassan, NC Maroney (2013). ‘AIG’s Announcements, Fed’s Innovation, Contagion and Systemic Risk in the Financial Industries’, Applied Financial Economics, Vol. 23, No. 16, 1337–1348

SARB (2017a). Financial Stability Review 2017: First Edition. South African Reserve Bank

________ (2019a). Financial Stability Review 2019: Second Edition. South African Reserve Bank

________ (2020a). Financial Stability Review 2020: First Edition. South African Reserve Bank

________ (2020b). Financial Stability Review 2020: Second Edition. South African Reserve Bank

Scheffer, M, J Bascompte, WA Brock, V Brovkin, SR Carpenter, V Dakos, H Held, EH Van Nes, M Rietkerk, and G Sugihara (2009). “Early-warning Signals for Critical Transitions”. In: Nature 461, pp. 53–59

Scheffer, M, SR Carpenter, TM Lenton, J Bascompte, WA Brock, V Dakos, J Van de Koppel, IA Van de Leemput, SA Levin, EH Van Nes, M Pascual, and J Vandermeer (2012). “Anticipating Critical Transitions”. In: Science 338.6105, pp. 344–348

Schelling, TC (1971). “Dynamic Models of Segregation”. In: Journal of Mathematical Sociology 1, pp. 143–168

Schmukler, S (2004). ‘Benefits and Risks of Financial Globalization: Challenges for Developing Countries’, Development Research Group, World Bank, June

Schneider, T, CM Kaul, and KG Pressel (2019). “Possible Climate Transitions from Breakup of Stratocumulus Decks under Greenhouse Warming”. In: Nature Geoscience 12, pp. 163–167

Schwarcz, D & SL Schwarcz (2014). ‘Regulating Systemic Risk in Insurance’, University of Chicago Law Review, Vol. 81, 15691640

Schwarcz, SL (2008). ‘Systemic risk’. Georgetown Law Journal, 97, 193–248

________ ( 2019). ‘Systeématic Regulation of Systemic Risk’, Wisconsin Law Review, Vol. 2019 No. 1, 1–53

Segoviano, MA & C Goodhart (2009). ‘Banking Stability Measures’, IMF Working Paper No. 09/4, International Monetary Fund

Smaga (2014). ‘The Concept of Systemic Risk’, Systemic Risk Centre Special Paper No. 5, The London School of Economics and Politica l Science and the Economic & Social Research Council, August

Sol, RV (2011). Phase Transitions. Primers in Complex Systems. Princeton University Press: Princeton, NJ

Steffen, W et al. (2018). “Trajectories of the Earth System in the Anthropocene”. In: Proceedings of the National Academy of Sciences 115.33, pp. 8252–8259

Stinchcombe, RB (1988). “Phase Transitions”. In: Order and Chaos in Nonlinear Physical Systems. Physics of Solids and Liquids. Ed. by S Lundqvist, NH March, and MP Tosi. New York: Springer. isbn: 978-1-4899-2058-4

Swarup, A (2012). ‘A well-intentioned folly: The macroeconomic implications of Solvency II’. Economic Affairs 32(3), 17–23

Tagoe, NA (2016). ‘The Emerging Role of Financial Intermediaries in the Financial Market of Ghana’, Business and Economics Journal, Vol. 7, Issue 4, 1000253

Trichet, JC (2005), ‘Financial stability and the insurance sector’, Geneva Papers on Risk and Insurance – Issues and Practice Vol. 30, 65–71

Troger, H and A Steindl (1991). Nonlinear Stability and Bifurcation Theory: An Introduction for Engineers and Applied Scientists. Vienna: Springer

Ueda, K & BW di Mauro (2013). ‘Quantifying Structural Subsidy Values for Systemically Important Financial Institutions’, Journal of Banking & Finance, Vol. 37, 3830–3842

Van Lelyveld, I, F Liedorp & M Kampman (2011). ‘An Empirical Assessment of Reinsurance Risk’, Journal of Financial Stability, Vol. 7, 191–203

Verma, P, A Kienle, D Flockerzi, and D Ramkrishna (2020). “Using Bifurcation Theory for Exploring Pain”. In: Industrial & Engineering Chemistry Research 59.6, pp. 2524–2535

Vitols, S (2001). ‘The Origins of Bank-based and Market-based Financial Systems: Germany, Japan and the United States’, Discussion Paper FS | 01–302, WZB Berlin Social Science Center

Weber, RF (2010). ‘New Governance, Financial Regulation and Challenges to Legitimacy: The Example of the Internal Models Approach to Capital Adequacy Regulation’, Administrative Law Review, Vol. 62, Issue 3, 783–869, Summer

______ (2011). ‘Combating the Teleological Drift of Life Insurance Solvency Regulation: The Case for a Meta-Risk Management Approach to Principles-Based Reserving’, Berkeley Business Law Journal, Vol. 8, 35–115

______ (2012). ‘Structural Regulation as Antidote to Complexity Capture’, American Business Law Journal, Vol. 49, Issue 3, 643–738, Fall

Weiß, G, D Boxtandzic & S Neumann (2014). ‘What Factors Drive Systemic Risk During International Financial Crises?’, Journal of Banking & Finance Vol. 41, 78–96, January

Weiß, GNF & J Mühlnickel (2014). ‘Why do Some Insurers Become Systemically Relevant?’, Journal of Financial Stability, Vol. 13, 95–117

Winkler, A (1988). ‘The Dual Role of Financial Markets in Economic Development: Engine of Growth and Source of Instability: A survey of Economic Theory with Reflections on the East Asian Financial Crisis’, IPC Working Paper No. 18, Internationale Projekt 

Consult GmbH

Winston, C (2006). ‘Government Failure versus Market Failure: Microeconomics Policy Research and Government Performance’, AEI-Brookings Joint Center for Regulatory Studies, jointly supported by the American Enterprise Institute for Public Policy 

Research and the Brookings Institution

Wong, A & T Fong (2010). ‘Analysing Interconnectivity Among Economies’. Working Paper 03/2010. Hong Kong Monetary Authority

World Bank (2012). ‘Rethinking the Role of the State in Finance’, Global Financial Development Report 2013, The World Bank

Zerbe, Jr, RO & H McCurdy (2000). ‘The End of Market Failure’, Regulation, Vol. 23, No. 2, 10–14



Network models of systemic risk in banking
Findings for consideration

Rob Rusconi     15 October 2024


	Slide 1
	Slide 2
	Slide 3: Summary
	Slide 4: 1. Background
	Slide 5: 1. Background
	Slide 6: 1. Background
	Slide 7: 1. Background
	Slide 8: 1. Background
	Slide 9: 1. Background
	Slide 10: 1. Background
	Slide 11: 1. Background
	Slide 12: 1. Background
	Slide 13: 1. Background
	Slide 14: 1. Background
	Slide 15
	Slide 16: 2. Methodology & data
	Slide 17: 2. Methodology & data
	Slide 18: 2. Methodology & data
	Slide 19: 2. Methodology & data
	Slide 20: 2. Methodology & data
	Slide 21: 2. Methodology & data
	Slide 22: 2. Methodology & data
	Slide 23: 2. Methodology & data
	Slide 24: 2. Methodology & data
	Slide 25: 2. Methodology & data
	Slide 26: 2. Methodology & data
	Slide 27: 2. Methodology & data
	Slide 28: 2. Methodology & data
	Slide 29: 2. Methodology & data
	Slide 30: 2. Methodology & data
	Slide 31
	Slide 32: 2. Methodology & data
	Slide 33: 2. Methodology & data
	Slide 34: 2. Methodology & data
	Slide 35
	Slide 36: 3. Large banks
	Slide 37: 3. Large banks
	Slide 38: 3. Large banks
	Slide 39: 3. Large banks
	Slide 40: 3. Large banks
	Slide 41: 3. Large banks
	Slide 42: 3. Large banks
	Slide 43: 3. Large banks
	Slide 44
	Slide 45: 4. Tipping points
	Slide 46: 4. Tipping points
	Slide 47: 4. Tipping points
	Slide 48: 4. Tipping points
	Slide 49: 4. Tipping points
	Slide 50: 4. Tipping points
	Slide 51: 4. Tipping points
	Slide 52: 4. Tipping points
	Slide 53: 4. Tipping points
	Slide 54: 4. Tipping points
	Slide 55: 4. Tipping points
	Slide 56: 4. Tipping points
	Slide 57: 4. Tipping points
	Slide 58: 4. Tipping points
	Slide 59
	Slide 60: 5. Concluding comments
	Slide 61
	Slide 62: References
	Slide 63: References
	Slide 64: References
	Slide 65: References
	Slide 66

