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Overview 

 

 The financial system has become highly interconnected over the past decades. 
Understanding the structure and dynamics of these interconnections is vital to safeguard 
financial stability. Network theory provides many useful tools to map the structure and 
model the dynamics of the financial system and is particularly well suited to guide 
macroprudential oversight. 

 

 Research on financial networks made tremendous progress since the 2007/2008 financial 
crisis. A literature review can be structured along six streams: 1.) The relation between the 
interconnectedness of a system and it's stability has been studied extensively. 2.) Based on 
the insights from this literature, particularly central banks undertook substantial efforts to 
understand the structure of various national (mainly interbank) financial networks and also 
the international financial system. 3.) Various types of linkages in the financial system have 
been studied. 4.) A stream of papers focusses on the network dynamics and endogenous 
formation. 5.) A recent and exciting new literature studies the welfare implications of various 
network externalities, for example in bargaining. And 6.) Networks based on correlation 
measures can reconstruct interbank-linkages based on market data, thus overcoming the 
problem that much of the available data in large credit registers has a very low frequency 
(e.g. quarterly). 

 

 There are significant challenges associated with analysing financial network data: 1.) There 
is no universally agreed upon methodology to clean large credit register data. 2.) A common 
problem with using payment systems data is the verification of the Furfine (1999) algorithm. 
3.) The actors in a realistic model of the financial system are not just banks, but also have to 
include money market mutual funds, hedge funds, insurance companies (i.e. the shadow 
banking system), and also large firms with several types of links existing amongst those 
actors. To date there is little data available on financial intermediaries other than banks. 4.) 
Given the inherent problems with the data, should we overhaul the current data collection 
standards? Legal entitiy identifiers (LEIs) can help alleviate data problems significantly. 

 

 Important open academic questions in the analysis of financial networks include: 1.) What 
are the determinants of interbank lending? 2.) Financial intermediaries are connected via a 
multitude of different instruments (interbank, CDS, derivatives, etc.). What does this imply 
for measures of financial interconnectedness? 3.) How can we understand 
interconnectedness due to overlapping portfolios? 4.) How much actual correlation do 
market-based correlation measures capture?  5.) How can we compare financial networks 
internationally? Such a comparison would allow policy makers to detect early warning signals 

                                                           
1 University of Cape Town Graduate School of Business, Deutsche Bundesbank, and Economic Research Southern Africa. E-Mail: co-
pierre.georg@gsb.uct.ac.za. This brief is based on ongoing work with Stefano Battiston (University of Zurich), Camelia Minoiu (IMF), and 
Joseph E. Stiglitz (Columbia). 

 

mailto:co-pierre.georg@gsb.uct.ac.za
mailto:co-pierre.georg@gsb.uct.ac.za


2 
 

in the form of structural changes in the network not just based on their own countries' 
history, but also from the history of other countries. 6.) Any realistic model of banking 
behaviour is bound to feature strategic, optimal behavior of agents in autarky, and strategic 
and optimal decisions about agents' interactions. Theoretical models are yet to reconcile the 
different streams of literature. 

 
I. Introduction  
 
The 2008 crisis caught most policymakers, including supervisors and central banks, off guard. 
Standard models said that diversification had enabled the financial system to withstand even fairly 
large shocks—including tremors in the sub-prime mortgage market. These models did not anticipate 
the knock on effects of the collapse of Lehman Brothers, and how shocks could reverberate through 
the global financial system. Consequently, regulation prior to the global financial crisis focussed 
almost exclusively on the microprudential supervision of individual financial institutions and 
neglected the non-linear nature of financial contagion. 
 
With the adoption of twin peaks, South Africa is in a unique position to play a leading role in 
understanding the role of linkages between the insurance and bank sector. In this document I give an 
overview of the recent state of the art of the literature on financial interconnectedness, as well as 
outline some open challenges, in particular with respect to empirical work.  
 
II. The Existing Literature on Financial Networks – Why Networks Matter 
 
Before the crisis, many of the (standard) macro models used in central banks argued that 
understanding the micro-structure of the financial sector was of little relevance to understanding 
macroeconomic behavior. One could aggregate the entire sector together (as if it were a single firm, 
though one that behaved competitively). An important aspect of bank behavior is the interlinkages 
and interdependencies among them. It is not surprising that what happens to one bank can be highly 
correlated with what happens to other banks. Economic downturns or the bursting of a credit bubble 
inevitably affect all banks. The recent literature on macroeconomic externalities has highlighted that 
there will be spillovers from the actions of one bank on others. Pecuniary externalities matter, and so 
if, for example, one bank makes extensive mortgages, in the event of the bursting of a bubble, it will 
have adverse effects on the balance sheets of other banks and firms. Balance sheet effects interact 
with collateral effects to give rise to costly macroeconomic fluctuations. Bankruptcy cascades 
themselves provide another example of externalities—the actions of one firm can have markedly 
negative effects on others and on the stability of the overall system. 
 
The existence of the different externalities is one of the key reasons why economic models have to 
incorporate the micro-structure of the financial sector, which requires understanding the network 
structure of the financial system. Banks have mixed motives in creating interlinkages, many of which 
are not well understood. Linkages can diversify risks, but they can also amplify shocks emerging in 
one part of the financial system to other parts and the real economy.  The literature highlights many 
more examples of externalities that can threaten financial stability and thus particularly deserve the 
attention of a central bank. 
 
The literature can—very broadly—be structured along six streams, with some overlap. First, the 
relation between the interconnectedness of a system and it's stability has been studied extensively. 
Second, based on the insights from this literature, particularly central banks undertook substantial 
efforts to understand the structure of various national (mainly interbank) financial networks and also 
the international financial system. Third, various types of linkages in the financial system have been 
studied. Fourth, a stream of papers focusses on the network dynamics and endogenous formation. 
Fifth, a recent and exciting new literature studies the welfare implications of various network 
externalities, for example in bargaining. And finally, networks based on correlation measures can 
reconstruct interbank-linkages based on market data, thus overcoming the problem that much of the 
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available data in large credit registers has a very low frequency (e.g. quarterly). 
 
II.A. Tipping Points and Fragility 
 
First, and arguably the biggest insight about financial networks is that they—similar to many other 
types of complex networks—are robust-yet-fragile and exhibit what is called a tipping point. Even 
large shocks to the system, for example the initial default of a bank, are contained when the financial 
network is not too dense. Below a critical level of connectivity initial shocks will eventually reach a 
part of the network that is little interconnected and thus die out. If financial institutions are 
excessively interconnected there are no isolated parts of the network and the entire system 
becomes a single giant component in which shocks spread. This phenomenon is well understood in 
epidemology where the tranmission of diseases in a social network is studied (e.g. Newman (2002)). 
Gai and Kapadia (2008) were the first to explicitly model interbank contagion as the transmission of a 
disease in a financial network. Their work, and the body of literature that followed, provided a useful 
framework for policymakers to understand why the financial system is seemingly stable and resilient, 
even as interconnectedness increases, before—suddenly—becoming fragile and susceptible to initial 
shocks. This ultimately speaks to the question about the optimal level of connectivity, diversification, 
and integration in networks (e.g. Elliott, Golub, and Jackson (2014)). 
 
A common criticism to this literature is that it assumes networks to be static while contagion 
spreads. This seems unrealistic at first, as 90% of the daily turnover in interbank markets stems from 
overnight loans that do not have to be rolled over. A closer inspection of the term structure of 
interbank lending, however, reveals that only 10% of the actual exposure between two banks stems 
from overnight loans, while 90% stems from term interbank lending. These term loans cannot be 
cancelled on short notice and will thus be the main channels through which contagion spreads. At 
the same time, interbank networks exhibit relationship lending, which makes the network structure 
much less volatile than otherwise possible. Another common point of criticism towards the above 
mentioned literature is that large exposure limits should prevent interbank contagion. But this is only 
true for exposures amongst banks, as the case of the Reserve Primary Fund shows. And it only 
applies to direct losses due to an exposure. These in turn will trigger higher depositor withdrawals, 
which aggravates the shock as Iyer and Peydro (2011) show. Finally, a new strand of literature 
addresses this particular point by developing tools to measure systemic stress even without an initial 
default (see, for example, the DebtRank methodology developed in Battiston et al. (2012)). 
 
II.B. The Structure of the Financial System 
 
Second, tremendous advances have been made in our empirical understanding of the structure of 
the financial system, in particular of the interbank market. Interbank markets typically have a money 
center structure, with a few highly interconnected core banks at the center of the system and a large 
number of much less interconnected periphery banks. One of the remarkable insights from this 
literature is that interbank markets have a similar structure irrespective of the country. This finding 
holds across a broad range of economies, from developing (e.g. Brazil, Mexico) to industrialized (e.g. 
Austria, Netherlands, Italy, Germany, UK, US), and also in the international financial system (see 
Minoiu and Reyes (2013)). 
 
Interbank markets are amongst the most important financial markets because banks' liquidity 
position depends crucially on unobstructed and timely access to interbank liquidity. The main reason 
why the empirical literature has focussed on interbank networks, however, is data availability. 
Interbank networks can be obtained from large credit registers and estimated from payment system 
data. Obtaining the interbank network structure from credit register data is fairly straightforward, 
but suffers from the low frequency of the data (typically quarterly) and the absence of price 
information. Due to the maturity structure of interbank markets, the low frequency poses less of a 
problem than the absence of price information. To remedy this, a number of central banks have 
started using data from payment systems to extract the interbank network using an extrapolation 
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method developed by Furfine (1999). The algorithm works by taking an outgoing payment and trying 
to find matching future repayments. For short maturities, the algorithm is well tested and verified. 
For longer maturities, however, the algorithm becomes less and less reliable. This problem is closely 
linked with the fact that most payments data contains the settlement banks only, not the actual 
originator and beneficiary of a transaction. A notable exception is the TARGET2 data available in the 
euro area which recently reports also originator and beneficiary information. Incorporating this 
information greatly improves the quality of the Furfine algorithm, even in the term segments. 
 
II.C. Various Types of Interconnectedness 
 
Third, the financial networks literature has highlighted the various sources of financial 
interconnectedness. Any contract that specifies a payment of one financial institution to another, 
possibly dependent on a certain event, induces a link in a network. The nature of the network 
depends on the type of the contract. Interbank networks are the best studied type of 
interconnection between two banks, but recently other network types have been analyzed. Also less 
obvious, but highly relevant types of financial interconnectedness have been studied, most notably 
networks of overlapping portfolios. Because of marked-to-market accounting a rapid unwinding of a 
large portfolio position at one financial institution, i.e. a fire-sale, can trigger losses at all financial 
institutions that hold the same asset. Even without marked-to-market accounting the liquidation of a 
large share of an asset can render the asset less liquid, inducing losses once another financial 
institution wants to liquidate the same asset. Overlapping portfolios have been addressed both 
theoretically (see Cifuentes, Ferrucci, and Shin (2009), Caccioli et al. (2013)) and empirically in the 
market for syndicated lending (see, for example, Cai, Saunders, and Steffen (2014)). 
 
Thanks to the above two mentioned streams of literature, we now have a much better 
understanding of the different types of financial interconnectedness and are able to categorize, 
measure, and compare network structures of different contract types (interbank, CDS, overlapping 
portfolios), amongst different types of intermediaries (banks, money market mutual funds, shadow 
banks), and in different countries. This still leaves the question of how exactly to interpret the 
different network measures economically. Some measures have straightforward and easy 
interpretations. The clustering coefficient, for example, can be interpreted as measure of the 
counterparty risk externality described by Acharya and Bisin (2013). The average shortest path length 
is the length of an average intermediation chain. Glode and Opp (2013), for example, postulate that 
the length of the average intermediation chain increases with asymmetric information between the 
ultimate originator and beneficiary of a transaction. Other measures have been used in the 
economics and finance literature all along: a bank's out-degree is it's asset-side diversification, the 
weighted out-degree is simply the amount of interbank lending (and similar for in-degree and 
weighted in-degree and the liability side). But not all measures have such a direct interpretation, and 
their meaning depends on the type of network under consideration. The common criticism, that „it is 
not clear what these measures mean“, however, does not hold up to scrutiny. 
 
II.D. Network Dynamics and Endogenous Network Formation 
 
Fourth, we now have a much better understanding of the system dynamics that cause 
interconnectedness in the financial system. A wide class of models follows the seminal works of Allen 
and Gale (2000) and Freixas, Parigi, and Rochet (2000) who analyze the stability of a stylized 
interconnected financial system. These papers capture the strategic interaction of intermediaries in a 
Nash equilibrium, but take the network structure as fixed. The endogenous formation of networks is 
studied in Jackson and Wollinsky (1998) and Bala and Goyal (2000) who characterize the equilibrium 
network structures that arise when agents' individual utility depends on their level of 
interconnectedness. The combination of both types of literature, i.e. fully microfounded agent 
behaviour and endogenous network formation has been studied only recently, e.g. by Castiglionesi 
and Navarro (2011), Cohen-Cole, Pattacchini, and Zenou (2011), and Allen, Babus, and Carletti 
(2011). 
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The analysis of contagion in financial networks often requires computational methods, as closed 
form analytical solutions exist only for certain limiting cases. This spurred a literature of agent-based 
financial networks models, with seminal works by Nier et al. (2006), and Iori et al. (2007). Recently, a 
novel literature uses myopic behaviour of individual banks to study the interaction of interbank 
contagion and common shocks and the impact of novel regulation proposals. 
 
II.E. The Network Structure of Markets 

 
Fifth, the role of financial networks has been acknowledged in studies of market mechanisms, most 
notably in bargaining in over-the-counter markets. Manea (2011) studies bargaining in stationary 
networks and shows how an agent's bargaining power is affected by her network position. 
Inefficiencies arising from bargaining in a network with a bargaining friction have been studied by 
Gofman (2011). These papers already highlight that not all networks achieve the same level of 
welfare: some structures imply higher levels of welfare than others. Farboodi (2014) develops a 
model in which a socially inefficient core-periphery structure of the financial network arises from the 
individual profit maximizing behaviour of banks—which bridges the gap to the models of network 
formation and microeconomic behaviour of banks mentioned previously. 
 
II.F. Market-Based Interconnectedness Measures 
 
Sixth, and finally, a number of papers now measures financial interconnectedness based on market 
data instead of—highly confidential—supervisory data. Diebold and Yilmaz (2014), for example use 
variance decomposition to construct networks of connectedness amongst financial intermediaries. 
Other papers in this literature include Barigozzi and Brownlees (2013), and Bilio, Getmansky, Lo, and 
Pelizzon (2012). The main advantage of market data is its high frequency, in particular compared to 
supervisory data which often is quarterly only. 
 
III. Open Challenges in the Financial Networks Literature 
 
While research on financial networks made considerable progress over the past couple of years, 
much remains to be done. More empirical work is needed to guide theoretical models. A number of 
central banks have now cleaned and prepared the data for financial network analysis, including 
Deutsche Bundesbank. Obviously, strict confidentiality rules apply which limits the research that can 
be done on this data. As a prerequisite for empirical research, a number of data-related issues have 
to be addressed: 
 

1. There is no universally agreed upon methodology to clean large credit register data. Very 
practical issues involve the question which  subsidiaries belong to one banking group 
and therefore which linkages are intra-group lending (and which are extra-group lending). 
How should we handle bank mergers? If we want to match large credit register data with 
other supervisory data, for example with detailed bank balance sheet information, what is 
the right level of aggregation: banking group, or legal entity? To the best of our knowledge, 
very few central banks have integrated data centers where banking micro-data from 
different departments is matched. Such a matching, however, is of the utmost importance to 
give economic meaning to financial network analysis. 

 
2. A common problem with using payment systems data is the verification of the Furfine (1999) 

algorithm. In particular for longer maturities, the algorithm is plagued by type-I and type-II 
matching errors. What is needed, is a verification of the algorithm along the lines of Kovner 
and Skeie (2013), in particular cross-checks with large credit register data. In addition, 
payment systems data most of the time contains information about settlement banks, but 
not necessarily about the ultimate originator and beneficiary of a transaction. This implies 
that the counterparty risk associated with interbank loans is wrongly attributed to a 
settlement bank instead of the loan originator. Also, the question of which transactions are 
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within a banking group and which are extra-group arise with payment system data. 
 

3. It is very natural to understand the financial system as a multi-layer network where each 
type of financial contract can be represented as a distinct network layer. The actors in a 
realistic model of the financial system are not just banks, but also have to include money 
market mutual funds, hedge funds, insurance companies (i.e. the shadow banking system), 
and also large firms with several types of links existing amongst those actors. From the 
literature on statistical physics we know, however, that multi-layer networks have 
considerably different stability properties than single-layer networks (see, for example, 
Buldyrev et al. (2011)). Therefore we need to re-inspect the results on systemic resilience 
and the propagation of shocks. Taking a multi-layer perspective provides a conceptual 
framework to describe the transmission of shocks not just within the financial system, but 
also between the financial and the real sphere. But data on macro-financial linkages is in 
even worse shape than data about financial interlinkages. 

 
4. Given  the inherent problems with the data, should we overhaul the current data collection 

standards? Many of the problems with data could be overcome if financial institutions would 
carry a globally unique identifier and if central banks would keep a joint register of globally 
active banks which yields information about subsidiaries. For confidentiality reasons, 
obviously no data can be shared, but information about how to match and clean data. 

 
Once the data issues are resolved, a number of empirically relevant questions using only network 
data, i.e. not requiring other supervisory data, can already be addressed: 
 

1. What are the determinants of interbank lending? Most microeconomic models of interbank 
lending explain link formation as purely liquidity driven, i.e. between two banks of opposite 
liquidity needs. But this could not explain the high levels of intermediation, i.e. the large 
number of banks that borrow and lend at the same time (and sometimes even with the same 
counterparty). Furthermore, liquidity fluctuations account for about 3-5% of a bank's balance 
sheet volume (using quarterly data), while interbank lending, for example in Germany, 
accounts for about 30-35% of a bank's balance sheet. Where does this vast difference come 
from? What do econometric models tell us about the reasons why banks engage in interbank 
lending? 

 
2. Financial intermediaries are connected via a multitude of different instruments (interbank, 

CDS, derivatives, etc.). What does this imply for measures of financial interconnectedness? 
Are measures constructed for single-layer networks fully applicable to multi-layer networks? 
If not, which alternative measures should we use to assess the interconnectedness of banks? 

 
3. Even  when accounting for direct forms of interconnectedness from various sources, it is 

not clear how we should handle interconnectedness due to overlapping portfolios. There are 
first attempts to construct interconnectedness measures based on the bipartite network 
structure of overlapping portfolios, but it is not yet clear what these measures tell us about 
one bank's propensity to adversely affect another bank. 

 
4. How much actual correlation do market-based correlation measures (e.g. Diebold and Yilmaz 

(2013)) capture? Since large credit registers contain information about much (although not 
all) of a bank's portfolio one could construct a network based correlation measure and 
compare it with market-based correlation measures. It would be great news for supervisors 
and academia if market based correlation measures would capture much of the actual 
correlation of bank's portfolios. This would overcome many of the data issues mentioned 
above and allow network analysis on a much higher frequency than using large credit 
register data. 
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5. While  there are a number of empirical studies of financial networks in different countries, 
it is still difficult to compare them internationally. Different definitions of banking groups and 
the use of slightly different definitions of network measures are the main  obstacles. 
What is needed is an internationally coordinated comparison of financial network measures. 
This would allow policy makers to detect early warning signals in the form of structural 
changes in the network not just based on their own countries' history, but also from the 
history of other countries. 

 
6. The most visible gap in the literature is between microeconomic models of banking behavior 

using very few banks, and extremely stylized „network“ structures, only, and models of 
network formation with extremely stylized decision processes at the agent level. But any 
realistic model of banking behaviour is bound to feature both aspects: strategic, optimal 
behavior of agents in autarky, and strategic and optimal decisions about agents' interactions. 
Theoretical models are yet to reconcile the different streams of literature. 

 
Empirical research can—and must—guide theory to gain a deeper understanding of the economic 
mechanisms behind the observed financial interconnectedness. At the same time theoretical input is 
needed not just to provide empirical research with testable hypotheses, but also to provide policy 
makers with a conceptual framework to guide them in their decisions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


